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The Adyisory Committee Sn Academic Planning (ACAP), as present [- .
constftuted, was established by the Ontasio Council on Graduate ytudfes
at the requegt of .the Council Yf Ontario Universities in January, 1971,
The Advisory Lommlttee s terms of reference were d1rected broadly toward
the effective plﬁnnlng and rationalization of lang- term .graduate

-dgvelopment in Oqtarlo s universities both at the tavel of individual
«disciplines and at a more general level.

The Advisory Committee's
activities are 5dSLd on the premise that graduateg work is the one drea
of university activity .in which specialization among universities,
cooperative. arrangements and comprehenbive planning are-most necessary.

costs for support of graduate )
institute a general embargo on -
that is, gne which had no students

was subsequently modified to N

In March; 1971, concern over the rlsfhg
work prompted the Ontdrro government to
funding for any new graduate programnme
eprolled on May.l, 1971, , This embarg
include only those disthpilnes in whi loVer-expanslon was felt to bé
potentially most seriouss ACAP was t ¢gin immediately planning-“studies
in’ those discigllnes:which remalneg éfbargoed. -

A

‘The disuipllnar§ planning procedss begins with the formation of a

discipline group composed of gne representative, from each university with
an interest in gradiatg work in the planning area. The discipline group
assists in definiQe M precise academic boundaries of each study,
scrutinizes the data collection forms, prepares’a list of potential
COnsultants, maintains contact with the gonsultanté during the study, and
prepares a commentary on the consultantsés{eport.

The final decision qn consultants for the plannlng study is made by ACAP.
The consultants®are requested to make recommendatlon; on programmes to
be offered in. Ontario, desirable and/or likely enrolments, the division
of responSibility for programmes among lUniversities, and the desirable
exteat of collaboratlon with related’dlsc1p11nes. .

»
Wﬁtle the consultants'-report is the single largest element in the.
final report on ;he planning study, ACAP considers the statement of each
untversity's forward plans to be most significant. " These forward plans
are usually outlined prior to“*the planning study, and are-used as a basfs
for comments from the universities concerned on the consultants repgrt.
On rece{pt of the comsultants' report and comments on it from the
discipline group ,and the gnlversltles, ACAP bégins work on its own recom-
mendations for subm1551on d1rectlv to the Council of :Ontario Universities.
COU considers the 1nput frem all sources, and prepares the position of the
Ontario university communlty ) . .

.
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-
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Counci l§of Ontario Universitiés ’ :
‘ Consei} des Uniyversitds de 1'Ontario P - . -
Répert and Recommendations e, . e
a - cofcerning graduate studies -
» - .

in Mathematical Sciences

[ - .
’ s . .

e A%V - ¢

On fhe‘lnstructxons of- the Council of Ontarﬁ@/;nlversnt|es,’!he Advisory . s
Commi ttee -on “Academic Planning has conducted. a planntng assessment .for ‘
-the ‘mathematical sciences. The resultant report from-ACAP is attached o 5
together with the consultants' report and the.comments on it by the dis~ . ?3{
cipline group and theindividual universities, Comments on the ACAP i
report by the Ontario Council on Graduat& Studies, the discipline group,

Queen's UMiversity, the University of Totonto,,and the Univarsity of Windsor

are also pubj]ished and foliow the ACAP report. The nrocedure and techniques

used for the assessment are described in the ACAP report.and are-not repeated

here. It is important for the reader to read the ACAP report, the comments

on it and its attachments in order to understand the recommendations in’'this

report from COU., ) . ‘ ’

-

The ACAP report and supporting documentat;oﬁénere ﬁnstrlbuted fo COU,- OCGS,

the Council of .Deans of Arts and Science and the discipline group on November

19, 1976. The un:versntues 0CGS, CDAS and the discipline group were askeds 4

to submit to C%U by December 23, 1976 any comments they wigshed to make on ;H§

the ACAP report. " COU discubsed the report and the #omments “Fecei ved at its Qi,\
meeting on January 28, 1977. Foll owing the dlscuSSton-ét that meeting, this %@;
Report and Recommendations was’prepared and approved by®the Council.on March- ' )
11, 1977. The docurént-is eddtﬁ&sed to the Ontario Council on University ) //l
Affairs and the unlverSItles of Bntario. e

.~

The following princ&ples have 'been adopted anp will apply to this and all other

COU Reports arising out of assessments. It is noted, however, that in view of -,
the recent change in the funding mechanism for graduate studies, the ''currently .
embargoed proggammes'' referred to in priﬂCIple, should, for the purposes of <
this Report, be  interpreted to®mean programmes in mathematical sciences‘deqlt

with in this planning ésseesrént . T -
1. Discipline assessmentskby ACAP should form the basis “for plannang by /,

_the universlities of their“deve'lopment of gwaduate studies, partccularly
PhD programmes. =<Onthe basis of these assessments, COU should make |£s
own recommendations ‘on-qurrently embargoed programmes. .Each unlver51ty
must retain the freedom and responsibility 'to plan and implement its
own academit development. tHowever, the universrtles irh embarkrng on a’’
cooperative planning process have s;gnalled thexr |ntent|ons of cooper-.
at|ng-wtth -the COU recommendatlons :

2. Unnversatles.generally plan their emphases., en graduate study On the <.

bases of related departments, net of sanglejdepartments Inutlally ‘ .
_the Sequentlal .nature of’the drSC|pllne pldnning assessments made this® e
duff«cult However/, by the summer of 1979, assessments Qf most of the :
social/sciences, all of the physical sci hces’, ehgineering doctoral
work, and a number of professional areas/were completed On the .infor- .
mation and recommendatlons available, edch un:versfty should be able fo
make decisions concerning its support f graduate programmeés in these
" . areas. Amendmentf to university respghses to the wnqcy)dual dlscoplane
. ¢ \:
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plan ing_ assessments may then be made in'the wxder context of 4 grpup Y 2 .
! T of elateq distiplines and amendments to COU's oruglnai Reports on an St
- , individual discipline may be reQU|red s /~_ L te
3, he first concern in planning is to review the'ﬂuality df*graduéte \? - 3u
- ’ppportunttles and of students in Ontario universities and to make %. Lo : !

Judgmentswabou{ how to proceed or _not roceed based on’ quality coﬁSla‘“é v
erations .”* The procedures have made use of “highly quai;f|ed‘1ndependen§
. . consultants®*who have no direct interést-in the unlvers?txes trr Ontaria. ,
Accqrd|ngly, COU feels bound to accept their judgments about;qualite: < . ..
where they afe stated clearly unléss® Unconvinced tHWat their conglus?onﬁ e
about quality are twonsistent with ‘their evidence. COU's recommendations .
- - in the case of programmes which are of unsatasfactory or, guestionable -‘éﬁ{
- qualltv will call for. dlscont|nuatson or .the carrying out of an apprassal,‘
; if the contlnuatnon of the programrme is not crucial to the province's *3
offerings. “In'some cases, hawever, there pay be a particufar need for 5
- the programme and the appropriate récommendatlon W|ll be to strengthen
it, with an "apprai$al followtng that actron e is also possjble that }
if there were. founq to be too large. a number of broadly”based programmes o
. ¢ . there ‘could-be a recommendation to discontinue the weakest in this case, !

an appraisal for a rore: limited programme mi'ght- be “relevant” 8- 1

+ .

\

3% -

- .
L, A second consideration is the<$cope of opportunities for. grisuate work -~

. in the discipline. Do the {Qntario programmes together offerta sabhsfactory
, coverage of the main divisions of the dlscapl|nes; < . ‘ .
. . 4 =y N DL G N

.

. 5. Numbers of students to be planned for, WwiTl depend on the 1|kely number
of appl:cants of high quality and in some cases may re¥ate to an estimate”” '

. . of society's needs. Such estimates may be reasonably reliable.in some R
cases and.not' in others. . If the plang of the universities appear to be \ L
A consistent with the llkely number qf*well qualifled japplicants .and' thq(e o \ b
is either no satisfactory basis for estimating ne;?! or there is no’ : .
- inconsistency betwegn a reasonable estimate of need and the universit;es' 4\
plans, then COU wiltl take note of the facts ‘without makjrg recommendatiomns * iz |
< . oon the subject of numbers ; o .y o Y i
. » H .t
‘ « . If theinumbers being planned for by the unaversn€|es are grossly out bf o

line 'with the anticipated total of well qué!nf;ed students, or a reliable
estimate of needs, COU will make appropriate corrective recommendations,’

.Depending on the’ c|rcumstances, these may call.for a change in the total :
numbers té be planned for- agd ‘indications of which institutions should
increase, decreases.or disepnt¥nue. The jsecommendations in sericws cases - .
ol may: need to specify depértmemta] f:gures for each universitys for a time.
L |f the numbers benng plapned for are insufficient, the récommendations :
may .call for expanstion, Er new programmes, and may have Imp]lCBthnS for , e
. both opgrating- and capitll cogts. . ) yr p , s
. , . S .
. "+ Unless there are exceptlenal circumstances, the recommendat|ons con- . ’ "
. cernvng edrolment will not call for a universdity to:refuse admidsion ¢ ‘
PO " " to any well.qualified student who wishes to work in a field hich, ) 15
that university offers a programme and,;n-whuchlééghagughg ity to ‘= 4

accommodate the student..

= P

.




."."I' ’ Recommendatlon§ ﬁgﬁ _ co » T L

-
|
~
.
*

riﬁ‘ 'l e ./

| 2 , , ‘7. N 4‘,". % . . v .
~ . - Lo ’ .-
= ’ c . ",;f‘f ] S = ~ r B
‘ v el se -?ﬂ?‘ . ‘ T : ’ , T
Ty \r - o s
T «6. The qualnty of graﬂuate programmes f§ partly- dependent on Slze. ‘and Y
Y . for each programme, depending on how @;ué desugried“and its scope, e
' there is a mifimum s’«’ e 6f e glment beldw which quallty may suffer. .f*’"
Lt That fumber cannot be expg,es,z;d forythe. vgiSClpllne as. a whole but -
oo only fom nndlvudual programnes. dependlng on.thelrvpuﬁpose, the‘“ MR
. s resources $nd” tﬁelr deé,ﬁg H , e R T “l\' ‘
. T 7 'FA t . —. RN ‘\r b _/‘, .
VR N Umvers.l ties. will be expecfed to:%‘@tlfy cou tf th,ey intehd to dg;xart
. .§ : ,, from t#e COU_feport in any way whlch. théy helieve nudht l’fave a sognlflcant
B NI I bearlng on the provunclal<ﬁlan3as ’ \\f . A . . )
© . 8 _Appraisals arising‘#s the, r‘-‘fsult of éssessments are to be based. ‘ort the vy
: ' _standards but-not necessarily ‘fbeﬂs;og@f ;}'ﬁ!“acceptable programmes"‘ ' ,,P(r-’fia
‘ . 12 1n the proilnce. vr{dﬂ,,ga(g;}/} ' xJ?%%-E? /\g:‘"ﬁﬁ&, . fﬁ
. General observationhs concernnqgﬁmathQMaxicaﬂ ;grgntes ' ;\Q%ﬂ",Hl' 3
. ks “ln es P e e e .
. ' E Gradu te work in the mathematlcal sc:encesAyn the um;xersittes of Ontarlo ﬁ%’
s of gqod quality with at,_ least Qne Ontagio unlvergi-ty,,,fafed in the top,
N .77 "two or ‘three in Canada -in marvfof +the flelds”and eac’h of the fsour:areas -
: of the dJMJhe computertséimnce rog ramme at ihe Umverssty*aﬁ
‘ - Toronto is exceptlonal by North Amerlcan staﬁdé?ds. Lk _— " .
Y 5 . o AR w,,‘e.ﬂ@‘

20 Most ‘fields of the mathemaucal sc:le‘rfces aﬂ?‘r'easonably '&mple\e}y Covered -

-4 .0 _rceftain areas which shoold beufurtbe.s:», dmtejoped, ,fo,r‘gxamprle, applled
T probabl.llty - Tt : £l o R A ,

~ . . -3 £
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- Jower enrolment is to be encoul‘ageo' - % eoon
~ . b . N k~'1"4
. : - . -~

.

‘in one or other of the universities. Thex consul tants. dldﬁ however , |dentlfy

A
r ""

.
.

b, ncolment to graduatlon r‘atlos for doctoral. sﬁu?nt; give cause foi' concern;

v rther studies” should be’ undertaken to ascartain the problems dnd their

.solutlons L R : . - . - . .
.

: -
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. " The ‘universities give careful"cthlderatlpn to . the comments of the

/

*the employment opportumt\-es

' w tote e, |

o The sunl,vers; tMes plan for rough.ly stable full t|me enrolments at * .~
Ta L o x"the-mastér s tevel but be prepared to ad)ust thei'r snghgs 1n response
T ®’ 5o any ﬁotable change in -the employment mar‘ket : e
I SR . ’ . )

. I:;,g) 'fhe universities ‘examine- -tnerr enrolment/graduatnon “data to d’e:ermnne
-the Undqu’;tmg cause for~tRe high ratid of enrolnents ‘to graduagions
: ““"\\ and . work Wi th the dl'scipline group to establlsh what | actlon if, any,
N .ss geeded ﬂ(;ee also recommen&'atlon 3)..

- Cod A et A . P
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" consultgnts and plan thair doctgral: admls‘Stons te ensure for ‘each ofu B
the -areas a redtaqnable balance between the“number of graduates and % 3

¥
DA

Py

<

= 3., The umver51t.|es enrolment projections 3are conslc’fej@‘é by the cg,nsultants to .-
L be generally in‘balance with the pumber of graduates and Job'ogportunttles.
- Enrodment &n_pure mathematics ig-ap exceaﬁsm ind, the recent tremd towards
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2. Part-time study at the master s level be made ava;lable when appropriate:

. and pradtlcabLé c. . ‘ - _ ' » = » -
- ' . 7 o .
" 3. a), The Mathematical ié‘ences Discipline Grdwg review the enrolment- .
i employment situat®n annualily and make approprnate reeommendations :
to ACAP to adjust the target obJectlve§t|f tH|s is warranted.
L4
s ¢

b) The discipline group report to ACAP by itay 31, 1977, 0n the seemingly
hrgh enrolment/graduatlon ratios, maknhg specific recommendations

A i'fr th|s seems ‘appropriate”- . . Y . .
) c) The discipline group, in addition tq its normal “role, undertgke a
b study of the many reconimehdations of the consultants in-Chapter
y t. ¢ olbk that deal . with matters of collective concern, "The group should
‘ "~ report to ACAP before May 31, 1977, on the desirability, feasibility
. +and,~where appropriate thé‘émpleméntgtionﬁof_the actions proposed in-
rec0m@endatfons 38, 39, 4Q. 44 aTd 45 of the consultants' report.
L. The Un|versnty of 1oronto and York Un|ver5|ty report to ACAP by December
. 31, 1977, on proqress Jn copnection with: . ; ’
. BE- Mg y .
3 the involvement of York faculty in the supervrs:on of research
- students at the Unlver5|ty of Toronto, - ’ -/
! | - -
‘ 'b) tHe development of a regular stat|stncal seminar lnvolv1ng»the
* . ‘colbaboratjon of both groups, and ..
A ' * N
. SR cj the proposedsprogramme in computer science at York,oif tt is to e
o L iinvolve collaboration with the Un|verSIty of Toront. .- .
® . L4 N

i i in computer science for 'the Ottawa area. {

¢ -

O

“ERIC
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5. Carleton Un|ver5|ty and ‘the UntverSIty of Ottawa report to ACAP through
the Joint Ottawa-Carleton Committee for Graduate Studies by December 31

J977, on progress towards: ,° - L
- / N . . L3 . '

a)*a cooperatlve programme in the fleld of |nformatlon and systems
sciepce, <y, ., .
. . ) V-
' b) increased collaboratlon among - .the statlstqctans of the two uanerSItleS,
o 'e
and \

!

c) the deve lopmen't of a comprehensive joint programme of academic work’

6. Guelph, McMaster'and Waterloo URiversities and the Universfty of Western,
Ontarjo diskuss the posstblllty of collaboration in the var;ety.of ways
s indicated by the-consultanxs and report to. ACAEVbu,December 31, 1977

[y

3 ~ .

7. The Untversaty of Toronto contlnue its graduate grogramimes in all four
areas of the mathemdfical scierces.

‘ : F .

[} »

8. JThe University of Waterloo contlnue i-ts graduate pyogramme s |n all four
“» areas of the mathematical sc1ence§ o .

i . 4 7 .
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Carleton Univem5|ty \J oo . -
continue yts doctoral programmes in pure and app\ued mathemat’ics
and statisti'cs with more precise def:nttton of the fields offered
in the aj p||ed area, and :

Y
—

t its, interdepartmental'programme in information and
»5cience, afiter consultation with the University of
ya as called for in recommendati'on 5, and giving full con-
fation to the consultants' view on, the role of statistics
and probabiiity in this field. . ¥
’ N : L.

University of Ottdwa |

.

"continue’its master' s programme in puré¢ mathematics, develop-
and submé"ﬂxhi$pralsalitt proposdd MA(T) prdgramme and sub-
mit its foctoral prognamme in pure mathematics for appraisal, ’
feasing to enrol new students after December 31, I977,:unt|1

! favourgble appratsal has been pbta|ned

cohtinue its master $ programme in applled mathemattcs, develop
an interdepartmental- progr;#:e in mathematical economics and
submit its doctorai Rrogra im applied mathematinmg for appraisal,
ceasing to enrol new students after December 31, 1977, until, a
favourable appraisal,has‘been obtrained,

-
sybmit i fs tnterd|SCIpI|nary3master § programnfe in general
$y§tems and information sciences for appralsal ceasing to
ehrol students after December 31, |977,*Uﬂtl| a favourable
aporaisa{ has beerr obtained,

submit its master's_and doct@al progrdmmes in statistics for .
appraisal, ,ceasing to~enrol hew students after December 31,1977,

until a favourable appraisal has been obtalned and \

C : L)

defer further development of its proposed master's. proéramme in

computer-sctence pending the results of the discussion called

for in fecommendatlon 5. ! ' . X

-

[N

L 1

" Queen's Untvers;ty continue tts dottoral programmes in pure and applled

mathematlcs and statistics and cont|nue to strengthen tts master's programme

in computer 5c4nece ACAP endorseé the®&ponsultants’, View that the proposal
y for a PhD programie in computer scaence.be Qeferred

a -

A -

12, " Mcmaster University . .

/

‘ , L
i - - N 1 - - - -
a) continpe its graduate pro@rammqs in pure mathematics\ -

L4 ’

L

; »
* I

b) complete the reorgannzatlon of, its graduate work im statistics and
+  submif the revised programme for appraisal, ceaSIné té enro] new
' students after, December 31, 1977, unttl;a favourable~apprarsal has
been obtaimed, and - :
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13,

-

14,

.(F

15,

16.

" i - Y
- ©

. B »

- N
- MK T . .8 ) - T . ”
’ . - v

-, B

science and cpntinué. its maSEéF'S‘bfogramme,v L, ’
Py C - Tty : . \ LN .- .
- i AU § a

. . ] .t

The University of Wegtern Ontaric . . . o

& N hd
‘ v

c) strengthen its faculty with i‘;gs'pec‘t"to ,co'r‘éﬁybé'e.gt_s&jn')computer
! ’

) .
B J

. - ) , Jioy . . e .
a) ainUe ity master's programme iﬁ“pure'ma_thgmagrc‘s’,and $ubmit

. its doctoral programme for qppfaisa1,'ceas}ﬂb ﬁqfeqﬁSqué@‘students;
*  after-December 31yr1977¢'untif a\favgurahle_apﬁrai%al'has been. =
obtained, ° RS R ) ‘ /f

P
<

M A
N i

b} continue, its graduate programmes in applied“mathematics,

- " s . . N 3
c) submit for appraisal its graduate programmes in statistics,%ééasipg
to eqrol new éégdents after December 31, 1977,.until a fqvougap¥€
apprajsal“has been obtained, and ‘ . {
+ d) Ycontinue "its master's programmerin computer s¢ience but defer
" - implementation of its preposed PhD programme as suggested by
the consultants. L e '
. 4 . ) ;
“The University of Windso - . < - e
. ay 'continqe its master's programme’in pure matheﬁaticé and_submit .
) its doctoral for appratsal, ceasing to enrol new students after "
' December 31 19zy, until a favodrable appraisal has been‘Pbtained;
- ‘ . . L . .
¢ N . , - - : . N »
* b) continue its ?raduate programmes in applied mathematits,’and\a
* s ] x K
“c) strengthenfimﬁ staff in probability and statistics By the (/
addition of two s¢rong, research-oriented members or subMt™. - S

its doctoral programme.in stdtistics for apgraisal, ceasing tp’
, enrol new students after Deteqber 31, 1977, pntil a favou¥able
appraisal has been obtained. 1 ) -
< ' e

&
L4

The University of Guelph continue its master's pﬁOgrgmme in statisticss
and consider the consultants' comments and suggestions concerning i;g
‘work in pure and applied mathematics, reporting to ACAP on, th? re§ult5
of its deliberations not later than'ﬂay 31, 1977. |If the ‘decision of
the yniversity is .td retain separate master's programmes in pure and

agp]iéd mathematics, they should be submitted by September 30,'1%7], —

for review by the Appraisals Confuittee. W L

R , . I 4 -
Lakehead University

. e s

a) continue its mgggeﬁ's programme in pure mathematiés and app]fed
analysis and;ébnsider_the~consultants' suggestion td submit fors
appraisal a master's proﬁrammg.in pure{mathematacs, uyhrestricted .

.
1‘/ [ ] K . -

« _ * in scope and offering the degrge by ‘course work or thesis, and AN

"y
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2 . b) defer until 1979- 80 its proposal for aprogramme in’applied ~ R
EE N computer stience in the light of the con#tltants' comments . .
T e Qoracermng the need fqr additional staff .and; the development T . .
¢S . » of an adequate level of research activity. - BN
' . .. \ .
, .. _ . -
L . .- . . - . . R .. T ET
17. *York Univers\it,y‘ L T A . . ‘ : : .ata
LI a)- .conthue-uts?.unspecual:zed mas“ter S Drogramme in. mathemaUc’s, RIS
. > N ‘* .; . . ' ~. : ’ . ,‘ " A' - :
TRV ) consid’er the consul'tants' 'recomniendations concern-ing part-time o ‘
ot 7 . Tstudies and/‘f)r a ,speC|aI|2ed MSc programme in applied prbba- oo
Fe bility, and. : S e .' oL
. . - ) aive serious attention to the recommeéndations .of the consultants . ‘-~ o
R concerning #gs proposal for a master's programme in compute'r .
- .~ science. ‘ P T - ‘ . A
P ' ., R
- 18. In view of the recant changes in the funding mechamsm for graduate - .
4 ' studiés in.thE Ontario‘universities, the Ontario Council on~ University. - o
S Affairs take note of the completion of this ptanning assessmgnt and the " -
.. . COU recommendations whlch wild serve as a basis for unuversuty &&cisions ‘
" the field-of mathematical sc&ences. ’ .
: Nokes cdf(cerning the recommendations . N .
Re: Recommehdation 14 . = - N

.
-

A letter: from the Umversnty .of Windsor on recent actton has been

. publ:shed . : .
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> "The potential usefulness of a mathematical concept
or technique in the advance of scientific understanding
has very little to do with what one can foresee before

\ ) ) the concept or technique has appeared.’
T "Indeed, who' at the tjime of the.writing of Appolentus's -+’
’ book on conic sections in the third, century B.Cx would

‘ have dreamed that ‘aimost 2 OOO years later, Kepler would
hgve employed his results to describe the motion of the

planets?" o - L .
L4
. € - - oY

F.E. Browder, "Does Pure Mathematics Have a Relatiom to the Sciences71:
American Scientist, September-Octobe;, 1976.

«(’

ERIC

Aruitoxt provided by Eic: B




o
* »
> 3
-
A . A . . v o :ﬁ « b
[ 4 . 3 N o s
' “ - . RN L R
- . ) .
. 3 4
= ¥ - v ~
‘i 123 % f # ' »
2 f ] ¢ ~ '; f- N .
® e \ - 4 I ,"‘ N . 3
. . - - LY
' * : ) PROCEDURE N . -
- ﬁ. ) - \ \’ﬁ
- v"," . ”

¢ ‘/ . \\ } . - .
o . . . @‘ . L v

* On the admice of ‘the ‘Ontario Council on Gr duate Studies, the Conncgl of

‘Ontarlo Unlvers1t1es, on May 3, 1974, athoved‘ACAP s schedule for’ plan~

ning assessments in 1974~ 75, which included the condict ' of a formai plan-
) Jing assessment of mathemat{cal.sclenoeg

v
- - ) .
~ S -
, \
v L ., .

Thls assessment covers the fOQrﬂ‘reas of math matlcal sc1enees, namely, iﬁ
pure, applied, statistics and computer .sciew

Only the latter area is ' K
under embargo but COU agreed that no new-.gradliate programmes would he

started in the mathematical sciepces until aftér thes planning assessment .
. . had been completed (COU meetlng Aprll 3, l975) '

E™
The procedure and terms of reference for the assessment,sattached as Appen-
#dix D, were formally approved by €OU-on January 10, 1975, ‘following approval
// by OCGS.: The new procedure adopted, called for a €WO tizred panel of con-
B sultants camposed of two specialist advisors for each of the four areas

i
/ and three general consultants, one of whom must beva senlor“Canadlan aca~
/ demic from another discipline. e
- / - . » N ’ - . .
The Mathematical Sciences D1sc1pllne Group was constituted with two members
nafned by each of the eleven interested universlties and one observer named - "
: by two of the other universities. The membership of the discipline group ‘
is given in Appéndlx E. . , ' - L
’ The ACAP portfollo for mathematlcal scnences is held by Professor R: C. . }
Anderson who attends meetings ‘of the discipline group when ACAP represen- L \
_ tation is necessary. : . L
= » . * . LY
The group held its first meet1ng in January, 1975 to discuss ;the proéedures
and consider posgible consultants. Ad hoc committees were struck to draw up
. lists of specialist advisors for each area. ' - ‘ . - '
- L ’ A<
o 4 The advisors and consultants finally selected wesem ’ ‘ L
- B . ", - P
' . ., Purgkxathematlcs . =W, AL Luxemburg o
: g - N, S. Mendelsohn = .
w\’, " . .
Applied Mathematics - 1. N. Sneddon L.
’ - <= M. Wyman

. - R Brillinger
- W. H. Kruskal
. ¢ N ' Al

.
1

P - Stagristics

, e
. [ v M
L 4 .

- 'I_ 1 5] * .




.

» -

-

, Computer Science J.
: J

E. Hopcroft
M. Kennedy

-~

Consultants G. Birkhoff
- D. 'R. Cox
. A, H. Morxish

. ry

" Profes$or Morrish served as the senior tanadlan academic from another dis-
. cipline. igrlef currlcuia vitae appear in Appendix G. / i

The’ consultaats and advisors met for two days in May to discuss the a%sess-
ment withrtbe executgde vice- chalrman and with the discipline group The .
unlver51ty visits were begun in May, and continued through September.. {The
adv1sors then wrote area reports on the individual universities. Each
-report was submitted to the 1nstitut10n conqerned for, comment. The cop-

,sultants then prepared their report on the bhasis of the adv1sors repomts,
thq,uhlver51t1es"comments and thedr own obse:vatlons. . |

l

The consultants' report was, recelved by ACAP #n April, 1976, and serv4d as
_the basis for the preparation of this draft ACAP report Which was approved
at the June meeting. Bath reports weré disfributed to the unlversltles
and the discipline group for comment. The final ACAP report was wrltqen
following receipt of the comments and was sent, together with the various
appendices, to OCGS CDAS and‘tEe/gzscipllne group for comment and to COoU

« for raction, -
P i .

v K

- IS A
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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
igmechanism for continuing consultation and agreement so that the plans of ,
-~ each unlx\rsity for each of; its disciplines are; concerted with those-of
the other‘universities. At any given time there will exist a-plan for the
development of each diseipline, with' agreed and understood roles for each
department, since graduate education is the most advanced formal intellec?
tual activity and is, thereforey underg/ing changé, it jis necessary that
such plans be kept under regular rewiew and be subject to ready amendment.
The Councfl of Ontario 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 0CGY is thi Advisory Committee on
. Academic .Planning. A significant role-.is also played By, the discipline
groups, one of which is gstablished for each Subject wlth‘bne or more repre-
sentatives from each interested.university. Each discipllne group has the
function of assisting and advising ACAP in connection. w1th‘ltS owp subject.

k3
“ -

The. above may give the impression that the planning ﬁtivity‘is fragmented

“on” a’djsciplinary,basis. AThis would, ‘of Course,’ not\be acceptable. Sinee
the development-of one department in a @niversify shduld not be considered
independently of its contribution to the rest of fts university apd of the
lnfluence of .the university as a whole on the deprrtm nte, it is most imper-
tanf that universities 3s institutions play a central \role in the planning %"
process. 'Oneg of the most effective ways -of doing this is by indicating to,
ACAP, the nature of 1nstitutional commi tments to -3 depaptment and institu~_
tional aspirations for the department . A

s - -

The, most significant single inpqt to a Qlanning assessment is the set of VQ}
statements from each university of its plans for its depaxtment When "
these are subject th collective scrutiny it may be found ﬁhat their totality
constitutes a reasonable plan for the discipline in &nﬁari , but 4n any case
this set of ;plans ‘is the first approximation to the provintial plan Whigh -
the planning assessment may have to reﬁine if there are duplicated g!ztures,
lacunae in #fferings, too large‘a total enro%ﬁﬁnt, or other easons recom-
mend altering some of the university plans e universities\are also
involved in that the bo%ies that .act on ACAP reports, i.e. both COU.and

0CGS, arg-<Composed of the universitles

- .
] s .
The formal ocnments stating the responsibilities of ACAP and the discipline
groups are-Appendix ‘F. Briefly.'sumharizeqd, it is ACAP's.function to advise
on steps to be takep to implement effective provincial, planning at the
gradyate level, ,to promote the arranging of the graduate programmes of

\

P
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s

‘the province in order to enhance and sgystain quality and to av01d undesir-
ébleﬂduplication, and » when necessary,jto carry out formal plannlng reviews
for disciplines. A discipline group hps the responsibilitly ef keeping
under review the plans for graduate wofkk in the discipline and making
regular progress‘repofts to ACAP 1n cohnection with graduate work in that
subject. To make all-this possible, ijt has been agreed-that ACAP may_
commuhicate directly with universitiea and discipline groups, to request /
ecéssary information, to discuss repqrts, to convene meetings, and to - )
made and réaélve proposals for the fudure. - _\\*

m-&@. . ,-\.‘ . N
The above informatlon has been given iIn some -detail ,because it constitute
the mechanism currently approved by CQU for cooperative graduate work. It
is fair to say that in 1971 tHere was{no mutually agreed plan fqr graduate,
study in any d15c1p11ne Oyr task is{not only “generate the flrst such'”
plan for ead? subject but a}so to ensyré that i¥'is kept under cont%nual‘

') Jreview. ‘ . o -

' ‘» L’

fhere are. four® fundarental components| in the plan. The first is anﬂ!V51s'
of the fields of: stud}, the formats Qf study~which should be avallahle to
prospective students in the' prov1nce The second ig an estlmate of ‘overall
provincial enrolment at mgster s andidoctoral levels Jbased R;lnc1pally or .
the likely numbers of highly qualified appllcants In regard to consideray
tions of manpower needs for the province of Ontario, ACAP is conscious of
the unreliability of forecasts and, except in special cases$, subscribes to
the approachlproposed in the Mécddnald Report (1969): .-

¢

E
*

The country as a whole and the provinces must be concerned - .
about minpower requirements.* This concern can be gxpressed in the
flrst instance thxough‘%aretul survey and fbrecastlngs of manpower
needs on a contlnulng basis. Such forecasts 'should be given wide
c1rculat10n It is'reasonable to expect that unlver51tles will
respond by creating additional opportunities for study in the
areas of shortageé In addition, the univarsities through thelr

es

counselllng servi have a duty to advise students about the
opportunities in various fieldg from the standpoint not only of
intellectual challenge but also of -vocational prospects and social.
utility. The reaction of prospective students to such forecasts -
ié 1lkely to provide an effective control. We bglievé the market-
place, if its trénds are made explicit, offérs an adequate gover-
nor to prevent serious surfeit and &o encourage moveﬂent'of
students toward flelds-of opportunity.

*

The third component of the plan ts an 1nd1catlon of the role}éabe played
by each department in terms of fﬁe .programme it will‘offer and its academic
emphasis. Cooperatlve arrangements between departments are stresged . The
fourth component consists of an examination of _the, enrolment plans of the‘
univergities and consideration as to whether the unlversitles plans and
the predicted enrolment for this discipline are-consistent. If not, some
appropr/ate action shopld be récommended to COU. It will be seen that,
although there may also be other aspects, these are four necessary com=

ponents’in such a plan. .
. - . s

s >
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. In the<mathemat1cal sciences, an 1mbalance hag appeared between the likely ‘
Job opportunltlés as seen by-the cbnsultants and the number of, doctoratwes -
g{aduatlng This p;obigm 15 discussed in detail in the next sect;on.

~ 3 h .
e

One must-hasten to agd. that the‘futnre is uhcertain and that to forecast

”“1n£eilectual treﬁdS‘ s&uQent~;ﬁ£$;bsts, anﬂ-ﬂmgloyment markets “%ive years

hence % te undﬂrtake to Exadigegnﬁhv uaraables.. “Of-course, this is no't a
“neW exercisé ‘stngeall uwiveg:sit;e,& ﬁ.ﬂﬁf tad ~To-miake r:lem.&mns about build- \

. ing, staff fiiring, librazy- ~gxgysi§n,~@;9mmt unve:sggpent and so-fefth, -
S ;

¢ ‘;g

and have done so on a basis™ o st eﬂ,g.i"e'ias‘t-s, ‘A?ﬁ%a-aamcm:»&m- q~
forecasts have been}ﬂerg intuifive tH# l'-fg?‘z' _ »{fgv%;{hﬁg”;:;} S = 2
have eertainly been there. ABd that .s_new &g & \“'i§¥3féﬁa??vmﬁéff‘2?"
"tlcally for tne province. R T:.1vw513::§§E;“'” B
A .. '--;:i‘> * ‘~:

It will be fealized that, at a minimum, the plann'ng procedures we have : e

iftticated -require amaual reporting of enrolments and annual examimation - s

of admissdon standards. When thete are indications from these or other

sources that some aspects of the plan for, the discipline are not being \ K

reabized, it will be necessary for ACAP to initiate a review. Such g §\\ /

review would usttally not involve ocutside consultants. .Whether -the impetus.

came from a disciplire group, a university or, ACAP itsgelf qomments would -

be sought-from all concerned and thé review would’ cglmlnate in & report

ts COU repommendlng an amendthent to the plan. i ‘7 .
’ . . .

-

.

r

'If a university notifies ACAP of its' intention to depart from its accepted
.role (gor exantple to enrol students in a field not incltded in 1ts under-
stood p1an), ACAP will rgvlew the situation in the light of any other such
notifications it may bave yeceived and any other pertinent factors. ‘The .
extgnt of any further study would depend on the 1tuat10n, but.#if ACAP felt
that the university's new plan could be 3 cause §or concern, jts fa;ps ten .
wqubd be to seek full discussion with.the unludT y. Nbrmally therd WaR1d " .
already have been discussion in the dlsc;ﬁ3§ne group and- between unive:§itie5t
and ¢he university would, have réached its ¥ntion aft@: a careful examiha- __ ., .
tion of the general situation of graduafe study in the“ﬂlscipline. Thus
the ACAP decision would be straighttforward gnd a change in plan, woulQ be
recommended to COU through OCGS. If, however, ACAP stall felt that tpere
was a probability tHat the university's actlcn might be found, on furt ex - :
study, to be potentially harmfal to the system, it wquldfprobably nexx eek g
comment from other universitied concerned and feom the discipline group..‘\g\\i
In any case, ACAP-would eventually make some recommendltion to COU (througm N ‘
0CGS) concepnlng the variation. 4. o L LoLn

A

It is difficult without a coricrete case th speculate on likely'recommenda—
tions, but perhaps to hypothetical situations will illustrate the extremei.
If a university indicated that, without ‘any marked c¢hange in, the academic
emphasis of its department, it proposed to arrange to enrol somewhere éround
70 graduate students insteaq‘of about-50, and if there were no changes at

‘ * > 2

?
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other universlties and no potential deveropments which could be substantl- ¢
aily affected ACAP would presumably simply. notxfy COU of the university's
‘intention and.recommend that_it be recogaized as an alteration in plan:for - y
the d1501plane At the other extreme if.a unlveYSLty proposed to begiftia -+ :
‘new ‘programme designed to enrol fairly soon’some 30 PhD students'in a fiedd
.of the dlsc1p11ne already well cpvered in other universities, %it. would .
clearly be necessary to obtain reaction from the discipline group and from ,
other univérsities. and perhaps even some expert advice, in order for A€AP . R
to génerate an\adv1sory position concerning the tmpact of the proggsal on’ ..
\Ehe system and suggestions to the unlversity G erned and to COLs, As hds™ | ]
been noted, if there had been advance 1nterun sity dlscu851ons'and agree- .
mana; Ehiquould .be a gdsitive factor in ACAP s asseﬁément but there is of | o
T e poss¢b111ty hat the reqommendation would call for modification
vé151ty s intention§ We take that.to bei the obvious conSequenc?

, .
Of cdurse, he unlver51ty could dec1de to_act in a J
, COU recommédndatioh, acceptlng whatever consequences )
’&hat to be the basic right of university ‘autonomy. _ - = = . :
; f,fr51ty will not act 1n this yay w1tBout .the ’ . ) .
ab ed 1n the precedlng P*ragraph' .‘ S,
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o o ** . GENERAL RECOMMENDATIONS . , - \
) ) v N » - ' ) \ ’
This section contains recommendations of a geperal nature applicable to all 3

. - L 5~ s |
- e |

four areas of the mathematical ‘sciences. - , P S

References following a recommendatlon refer to the oonsultants report It |

".lofe tmportant te mote that the ACAP.report should be read in conjunction. with
the consultants' report which provides background for the recommendations
made here. Also, following the -custom used for other disciplines, ACAP K -,

9recommendatlons are prefixed with the symbol 'C! to,avoid confusion wjth the

.
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numbering in the COL ‘report. .. L)
- XY .
Mathematics 1s a uentral dlscipline which has-long been essential to the .
development of 'high qUallty graduate programmes. in the physical sciences and
has become ‘increasingly important .to graduate studies in the social and life
sciences as well. For such discaplings, graduate study at the master s level °
is,;” by general agreement, a matter of institutional planning. Master's pro- ,
grammes are offered at eleven of the fifteen provincial universities, but
involvement of the remaining four, either through cooperative ventures with .
.other universitiés or on their own, m1ght be anticipated-at some ‘time in the

future, "
L B . *

Qpality and Scope .

. ' N
The consultantéihave many encouraging things to an about mathematics in | s
the universities|of Ontario. - TWey note that the activity in mathematical -

sciences in the province is superior in terms of breadth and quality to that
in any other.prdvince in Canada. 'The§ go on to state '"that in many of the
. fields and each of the areas at least orfe Ontario university is to be rated
in the top'two or three in Canada.'" Although the level of mathematical
*» regsearch in any Ontario unlver51ty‘does not rank in the same class as that
ih the sqal; number of best centres 'in the world,\cdmputer science at the
Unlver51ty of Toronto is exceptional and rates in hé@first half-dozen . ‘
offerings in North Artrica. Also, the report notes ''the presence of a num-
ber of individuals with 1nternat10nal reputations, 'some'of whom are among
‘the world leaders in at least some special«field " -
. N W
ACAP ia,pleased to record -the favourable‘@p;nion of the consﬁﬁﬂd%ts bn the
quality of graduate studigs and research in mathemdtics in Ontario and
encoldrages 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 Jf mathematics are said to be reasongbly com~
. pletely covered in one or other of the unlversitles, there are some fields

in which further development should be epcouraged (see’ pages A-13 and A-79).
L] l
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. IﬁcludeSKQirleton, McMaster, Ottawa, Queen's, Toronto, Waterloo, Weste¥n and,
Windsor umiversities.
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A;ao, the enrolment and graduation statistics 1n Table I tlearly ind1cate
. either the t1mes required to obtain degreegareMably longer thap
:f ended by the consultants on’ pages A-14 ard A-lS F there are large
bérs of drop outs in mathematics. Of course the numbers may reflect.
a tomb nation of both factors but in any event there would appear to be a
Bbd en assoclated with excessive demands on the candidates_or inadeguate
admissioqé?tandards or poor control of the admissions progess. This aspect
of docto :g;gdles should be examlned by the)disc1pl!ﬁe group as suggested
in recommbndatlon c73.

mnm)axt)t)-d‘x
L3

. ™~

ACAP suprrts the views expressed'by the‘consultants on pages A-19 and A-74
conterning the relationship between the quality df~graduate study in mathe-
.matics ana programme size. In summary it is noted 'that most research stu-
dents should work jn centres where there are an apprec1able number, jive
or more research students in their area, but that other ,departments with
the facilities to prov1de programmes of the necessary quality should not

be barred from doing.so" and that "it i3 not economically viable to mount

a thorough programme of "coyrse work within an area without a good numbér

of sfudents This important facet of graduate study in mathgmatlcs is
mentioned g# page A-19 and discussed fully on pages A-74 and A-T75 (see/also
recommendation C3 below), . . '

Employment Oppdrtunities and Enrolments

.

- \ L}

Following a’ detalled cons1derat10n~ofAempioyment opportun1t1es, beginning on-

page A-19 of their report, the consultants’ conclude that: <

-

a production rate of 50 BkDs per year for Ontario would lead --
to unemployment 'problems: a figure ef 40 PhDs per year would be
amore reallstlc for 1975-80 (page A-23),
and K
limitations should be’ placed on the number of master s candif .
‘dates otHer than the supply and 1hterest of suitably qualified

students ( age A-25). -

-
<

AGAP accepts and supports these conclusions for the areas of pure mathematics,
applied mathematics d statistics and the suggestion that for these three
areas the 30 PhD graduates per year should be roughly equally divided among
the three areas._ Z ACAP recognlzes that the JOb opportunities fp computer sei-
ence justify a soqewhat hiigher 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 situatign revealed by the
consultants.,

In applied mathematics and statistics, the suggested numbers are reasonably
compatible with recent enrolment and graduation figures but, i® is noted fhat
recent enrolments are smaller than the sume«of the individual university enrol-

-

. . - ] ‘ .
. ]
)

n’ .
\. Lxe . .
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»
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ment prdjections for .the next -fi#e Years. In the.case of pure mathematics,
a similar comparison shows qujte significant discrepancies but it is noted
that the more recent enrolment figures do show'a trend towards a better .bal- 3
ance. The field of computergﬁrience is sufficiently new and its applicability
of such potential breadth that ACAF'hes1tates td support, any major, cut-back ) .
in the present level of activity in ‘this areas At the same time, "the uni-
. versities concerned are advised .to monitor the employment situation very i
: closely and to medify their plans for development in this field in an appro- ) .
pr1ate way. ) . . , N
» It is also suggested that the proposed target numbers might be adjusted
slightly*upward on .the basts<of foreign students supported by CIDA or other
similar agencigs and committed to return to their homes on graduation.’ .
Another factor affecting target uumbe;grwould be the extent to which a c¢hange
. in the emphasis of the programmes might improve the pqssibilities for non-
atademic employment ACAP supports the consultants ,when they urge’ on page *
A-29 "that the emphasis of graduate instructjon and reﬁsearch ‘be on increasing
guality and relevance; the quantity should remain constant or be allowed to

decredse.' - . . .
- ) P s ‘ ¢ ‘
Y . !
R . < B ‘/ , .
Recommendation C1l ' ] . . :
o ‘ \ '

’ - N | .
’Jzt is recommended ‘that the univexsities give careful consideration
to the commem&s of the consultants and plan, their doctoral admis- .
. sions to ensure for each™of the argas a reasonable bglance between -
the number of graduates ?nd“the employment opportunities. - \

It is also recommended!that the universities plan for roughly

stable fulletime enrolments at the master's level but be pre-

.pared to adjust‘lheir sights in response to any notable change .

in the employment market. . , . .
] oy ..

, ]
It is strongly recommended that the un1vers1edes examine their

* enrolment/graduation data to determine ‘the underlying cause for
the high ratio of enrolments to graduations and work with the
discipline group to establish what action, if any, -is needed (see .
also recommendation €3, page 11)« ) - T ) )

. Lt

> Part-time Study . . %o

L3 4 -
.

."The consultants indicaté on pages A-76 and A-77,. their general support for
.part-time study at the master's level, noting, in particular,. the desirabildity
of this approach in the larger population\centres and for teache?s and others. 1
whose work has a substantial connection with mathematicsr Statistics and
cﬁ@?uter science®are seen as partieularly appropriate for part time @tudy.
\
|

- . .
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Recomhenéation G2

« -
. “
t is recommended that part time study at the master.s’ level be
a . ) . ’ t

v .

‘Cooperation and the<ﬁole of the Discipiine Group

-
I -

. . . . s -
r] . . - . . v oo
. . L0 -
.

de available when appropriafe and practicabla. T o

-

Aftay comparing the reldtively independent universities of Ontario with sdme

of the more centralized state systems in:the United States,

comment on pagé-A-27 that "In the prgsent climate, it seems that cooper—

ation between universitiés in Ontario must be fostered."

the consultants

-

ACAP notes that the many comments, suggestions and recommendations scattered

.throughout the consultants'

»>

4 ° &
K

‘report concerning the need for cooperation in-
.volve three different levels of interactiont ¢

v . .
» #) collaboration of a general na!ure with respect to such matters as

seminars,- library acquisitions, mobility of students across the
4~ sgystem, etc., ps ’ R

ii) more formal arrangements 1nvolv1ng the participation of staff at»

one institutionh as .research superv1sors or members—of graduate
student adv1§§ry}uommittees “at other institutions, and ,

“iii) cooperative or joint programmes involving the direct pargicipation

of two or. more universities. Lol

.-
‘ .

A}

The difficulties in qhe way of rapid evolution of extensive cooperation are

* significant ang as the” consul ants point ®ut,
borative arrangements i3 mo
. ment than by imposition.

the implementation of colla-
likély to be effective through mutual agree-
They suggest a number  of matters that could use-

fully be undertaken by an interuniversity committee, possibly the discipline

group.

Y N

Recommendation C3

- It is recommended that the Mathematical Sciences Discipline Group

‘EMC'ZZ

Aruitoxt provided by Eic:

LY

-

.. review the enrolment-employment situation 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 recommeadations 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
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the consultants in Cha ter III'that deal with matters of collec-
tive' concern. The group should repért to ACAP before May 31, .
+1977, on ‘the desirability, feasibility and, where agmeopriate  °
the implementation ofﬁhe actions proposed in ;ecomtglda.tions 38,
© 39, 40, 44 and 45 of ,the consultgnts' report. .. .
. ’ . - s . - ~ .
Although the other reconnnemga;tfdﬂg of Chapter III tend to be more‘institu—
. tional in charagter, ACAP recognizes the merit of some wider discyssion of
,."tﬁem and anticipdtes- that *the group may wish to-.comment on someszyzhem. - In
;he same velny- attentien is also drawp to commerits in other par of the .
report such as those on the éover;age of fields, especially in applied 'mathe-
matics (recommendation 12, page A-45), on the time required to achieve a *
degree (pages A-14 and . A-15) and on the relationship between graduate s,tud)'z

2

and 'reqear'ch (pages A-14 and A-78). <.

\
N i i ’ .

Récomendafign“s proposing specific aﬁas of cooperatiofi ‘betwee-n. specific
institutions will be set out in tfle next section. In (this connect » ACAP .
is particularly pleased to hote the creation of the Joint Ottawa-Carletgn
Committee for Graduate Studies which should help to promote continued
. v -~ . ) :
improvement of the graduate offerings in t}i(.).ttawa region. ®

) ) RN - ¥
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> Toronto, Waterloo, Carleton, Ottawa, Queen's, ¥c

" to follow at least
»

. ’ y ’ .
t’ "‘ 1
- ; - 13 -
= UNIVERSITY RECOMMENDATIONS
T , S
. ‘o i

This section contains a brief comment on‘each of the four areas of mathe-

mat#ls followed by several general observations which the universities are.

asked to bear in mind while considering their individual recommendatioqs.

Thoge portions of the recommendations calling for the cooperation of two or

more universities have been extracted and appear at the beginning of ‘the
list. . The order of presentation used by the consultants. is retained, i.e.
;§§f€r, Western, Windsor,
Guelph, Lakehead and York. The recommendat‘ohé have been assembled in a
mﬁg;gg to present, for each university, <ACAP's advice on all four areaf
u

in ing\feference back to the recommendations on cooperation.

It is important to consider ACAP's’rzcommendations in the context of the

consultants' report. e e - NN s
, ‘ . .
i W
Pure Mathematjics -

-

. The consultantstare generally satisfied withisthe high standards that*have,

[ 2

been maintained -in this areabut they do empress concern that "the graduate

education of a doctoral student should not be marrowly centred around the
topic of the, dissertation.'" The mismatch betyeen numbers of graduates and

_employment opportunities is,greéfgst in this. area and ACAP supports the

views of the consuifanes—that.th;!g{ﬁg#Sitie9 should reconsider their pro-

jected enrolmenﬂ!, that research &ctiﬁ;f§§§5§ﬁIﬁ‘bE‘iess*dependent on the

©fistence of graduiiﬁ students and that graduate students should be advised

T

e applied topic to a reasonably advanced level.:

o P
3 hd .-
’

Applied Mathematics - , .

- % - -~ -

P
-

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 relativel
short span of activity 'and excitement and "an appreeiable proportion of
applied wathematics fagdlty must be preﬁgred'to changg their main “£ields
of interest’ pcssibly several timgs. Continuous reappraisab of topics of
interest is required." Their concern 'that the full implications of a
broadening of the role of applied mathe atics have yet to be implemented,

. 7 -in Ontario‘or elsewhere' prompted ACAP.fo refer their recommendation 12,

€

(page A-45) to the discipline group for:consjderation. ¢ :
e o . . Sy '
- - . 4 n "».f "f
- . .
. e . '
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LA ) Statistics e ’ .

This area divides generally into applied “probability and statistics. The
consultants note, with some exceptions, a surprising province-wide weakness

in the former but dffer no general recommendftions on the matter. They _ .--— o

"believe that the effective deMand for statisticians with a graduate f{uali-
ficetion will persist and probably increase, provided the statist1cal train-
ing achieves a satisfactory bdlance between %heory and application.' ACAP
reflects their concern .about the range -of, quallty and reégarch activity of
the faculty and ‘of the numbers and qua11t1es of the graduaté student bodies,
and emphasizes the Qeed for each university to give very serious consider-
ation to the consultants' comments on organizational problems in this area
(page A-53). o : ’ i

Computer Science ‘ N

It i$ pointed out that while Toronto and Waterloo offer«fairly complete
coverage of all areas at both master's and doctoral lavels, other programmes
in' the province are moresspecialized and tend towards computer applications,
systems engineering and hardware. The danger of isolation of .computer sci-
ence from the other mathematical sctences is noted and the need to strengthen
the ‘ties betweeh this field and the relevant areas of pure mathematics
(especially ,algebra), applied mathematics, numerical analysis and statistics,
is emphasized. ACAP reiterates the consultants' 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 pPregrammes." ’7=~§\\\ . . '
. s w

.. )
An Important Note ' X

s -

ACAP wi;hes to emphasizesat this point that all of its recomfendations prO:
ﬁosing 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 ehrolment projections and ®mploy-

" ment opporgunities. “This will be of particul'dr concern to those in pure -

mathematics but the discipline group would do well to kgep & careful watch
;on enrolments and projections tor all argas.

s Cooperation
» . - .. -
. .

.
. N .-
- .’ v

‘Recommendations for cooperation are presented first, followed by individual

university recommendations. +Although no specific recoqpendatibn has been
included here, ACAR wishes to draw attention to the last gection of redom-
mendation 30 in which the consultants calt}for increased attention (by the
computer science group at Toront&) %0 cooperation with the staff of other
Ontarip universities. ‘ ' . .



Recommendation C&4 .
\ ) . -

oronto and York University

It is recommended that the -University of

report to ACAP by December 31;

1977, on pr

gregs in connection with:

B

-~

1)

‘the involvement of York faculty in.the supervision of research

students at ‘the University of Toronto (see recommendation 11,
page A-42), ‘ A

ii) the davelopment, of a regular stat13t1‘hl seminar ¥nvelving .the
collaboration of bqgth groups (see recommendations 20 and 29,
pages A-55 and A—62), and - - -

L d ii1) the proposed programme in computer “sgience at York, if it is to

. 1nvolve collabqration with the University of Toeronto (see recom-
mendations 30 and 37, pages ‘A-64 and A-71).

Recommendation C5

3 -, .
It is recommended that Carleton ﬁnEVefsitgiand e University of
Ottawa report-to ACAP through the .Joint Ottawa-Carleton Committee

for Graduate Studies by December 31, 1977, on progress towards:

., o ~ . Coaa
j) a cooperative,programme in the field of information and sys-
tems science (see recommendatipns 15 and 16, pages A-47 and
A-48), ’ o
ii) increased collaboration among the statisticians of the two
universities (see€recopmendations 22 and 23, pages A-57 and
A-58), and “jf -
iii) the development of a comprehehsive joint programme 'of academic,
~ work in computer science for the Ottawa area (see recommen-
L 4

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

Recommendftion Cé

It 'is recommended that Guelph, McMaster and Watetloo universit
- and the University of Western Ontario discuss théspossibility of
. collaboration in the variety of ways 'indicated by the consultants
" and report to ACAP by December 31,1977, (6ee’ recommendations 21 and
28, pages A-56 and A-61 as well as comments in Chapter III)

- %

»

~

-Unfversithy of Toronto’

.

[}

The University of Toronto offers doctoral work .in all four_areas of the
mathematical sciences, its computer science programme being among the best

half dozen in North America.

The advisors considered.;he Toronto graduate

students in pure mathematics, to be the. best they met.
in the consultants

-

)
Uy

. _!'

This is reflected -~
suggestion that Toronto produce half of’ the suggested




Y

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 115:i§nq

housing to bring all of the faculty together. They also suggest an internal f!ﬁ

review to examine several specific aspects of pure mathematics and its
interaction with the other areas. In commenting on.the De Lury ‘report on to-
‘applied statistics, they recommend that the future of applied statistics -
should be considered in the congext of statistics as a,whole to achieve a -
greater merging of theory and plication. *

ACAP is confident that the university w1ll give due consideration to the .
general recommendations‘of the censultants and of the De Lury report. . 4

13
L]

v, * B < .
Recommendation £7 oy . s

. B i

1 ® - k]

It is reconmended that the University of Toronto continue its ’y
_graduate programmes in all four areas of the mathematical sci-

ences (see recommendations 2, 13, 20 and 30 of the consultants' g
report).

See also recommendation C4, page 15. ' g - -

gnfiersity of Waterloo -

¥ -

The University of Waterioo has a Faculty of Mathemgtics, consisting of five
departments including a Depargmenf”-?‘Comb1nator1cs and Optimization. Ddc-
toral programmes #re offered in all four ACAP areas. The consultants note
that there are some faculty members who have established international repu-
tations and the combindtorics and optimization component of the staff is

one of the stromgest of its kind in the woxld. The computer scignce pro—
gramme was judged to be "one ofzthe—best ggaen or so in North America." In
the statistics area, concérn was expressed @about. some weaknﬁﬁs in probability
which appears to be a province-wide problem. Intrauniversity consulting in
statistics should be sttengthened as well as Lnteruniversity collaboration
with Guelph, McMaster and Western. A€AP recommends -that W%terloo ‘take note
of the consultants comments on pages A-47 and A-65 concerning admission ////’
standards. . iy . . 43 .

o

-

' Recommendation €8

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 3l of the consultants'
report). - * A .
See also recommendation C6, page 15. » A
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* . . - Carleton University . S e

» * L d N

Carleton University offers the PhD in 411 four areas of the mathemétical
sciences; computer science being offered jointly by the.Department of Math- -
ematics and the. -Department o¥ System§-531neer1ng In the area of pure math-
ematics the consultants were 1mpressed by the steady stream of distinguished
visitors at Carleton and by the 'algebra days'. They also found the’'quality
of the doctoral theses to-be "high if not\outstanding." Work in the applied
area centres around ‘information and systewms engineering'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 unévenness of the. faculty in. statlstlcs 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 ‘areas except pure mathem#tics but particularly in computer
science where it was' anticipated what a joint wide-ranging, high quality

programme could be developed. ot . é

Recommendation C9 ‘ poL )
It is fecdmgended that Carleton Universitx: - * .
i) continue its doctoral programmes in pure and applied,mathe- .

. ‘matics and statistics with more precise definition of the
fields offéred in the applied area,

ii) implement its interdepartmental progriamme in information and

systems science, after consultation with the Universp y of

~h

Ottawa as called'forfin recommendation C5, and giving full
consideration to the consultants view &1 the role 6f statls—
tics and probsbility, in this £ield.

(See retommendations 4, '15, 22 and 32 of the conSultants report.)

See also recommendation C5, page.1l5. -
. . R
University of Ottawa \

- -

'The Univereity of Ottawa offers a PhD in the areas of mathematits but has no
graduate programme at presenv in co ter science. Although the master's

theses in pure mathematics were judged to be of "acceptable quality,.the number

o3 of doctoral graduates and* the quality of those theses examined led the con-

L sultants to suggest -apprajsal. AQﬁP supports the suggestion that the doctoral

programme should be appraised and that. the proposed MA(T) programme should be
developed. The doctoral ‘pregramme in applied mathematies has not attracted
Canadian students apd has produced only two graduates in the last five years.
The university's intention to expand the .programme into mathematical physics

- 17 - ' : .

5

is ¢onsidered b.be ill-advisgd-and-the department is urged instead, to dewvelop

"a graduat€é programme in mathepatical economics, tailored to the needs of the
Ottawa area. Tlje statistics group is new and has nof yet attracted students
. ' - - .

.
& Lot

-
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into the graduate programmes. ACAP supports the recommendation for appraisa®y

The’ existing activity in computer sciencevis handlel either id the inter- N
disciplinary programme_in general systems and informatioﬁ science or in the <,
electrical engineering programme. ACAP feels that any further development 7z

N ~%
in this area should take the form of a cooperative programme with Carleton, |
rather.than the independent development of an Ottawa proposal.

-~ . -3 Iy

. - (hj%,

Recommendation Cl0 A - *

It is recommended that the University of Ottawa:

i) continue its master's programme in pure mathematics, develop
and submit ‘for appraisal its propdsed MA(T) programme and sub-
mit its doctoral programme in pure mathematic€ for apprdisal,
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 interdepdrtmental programme in mathematical economics and \

submit its doctoral programme in applied mathematics for appféisa%;

ceasing to enrol new students after Decembar 31, 1977, until a £. -
favourable appraisal has been obtained, . - -

'

" 3‘}1 BN

iii) submit its interdisciplinary paster's programme in general | . r

systems and informatien sciences for appraisal,-ceasing to

y enrol students after December 31, 1977, ungil a favograble
appraisal has been obtained,

iv) submit its master's and doctoral programmes in statistics for
appraisal, ceasing to gnrol new students after December 31,
1977, until a favourable appraisal has been obtained,

v) defer further development of its proposed master's programme
in computer science pending the results of the discussion
called for in recommendation C5. ’

(See recommendations 5, 16, 23 and 33'of the consultants' report.)

% > See also recommendation C5, page 15.

'

4 . s
-

Queen's University

. 4

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 im pure mathematics as well as tie T

contributions of the visitors and summer programmeé to the graduate acti-
vity. The interdepartmental programme in ¢ontrol theory is of high quality
and provides, along with the work in guantum theory, the major focus in
applied mathematics. Broaﬁeninh into non-academic areas and closer coordin-
atiobn with computer &cience are indicated. The gervices and opportunities
provided by-STATLAB are préigég. There are?3uggestions for increased\gqton-'

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

” o

’
.
s
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’/’(/// the faculty, the consultants recommend postponement of the proposed PhD .-

\ ‘;}‘ ' »~
N L
. -19 - ! s v — .
’ . ~
~ Tt - . RCL T
for the PhD in this area. ACAP urges the university to- consider the sug- .
gestions made in these ageas. ' In npting the uneven quality’%?emaster's . .
’ -theses in computer sci and a less than impresSive research output by

\
|
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 for a third PhD programme in the prdovince at this time,

S . -
¢ ’
Recommendation Cl1l ' ‘

+

It is. recommended that Queen's University continue its doctoral
programmes in pure and applied mathematics and statistics and
continue to strengthen 4its master's programme in computer scien&e.
-ACAP endorses the consu}tants view .that the proposal for a PhD
programme in computer science be deferred (see recommendations

6, 1%, 24 and 34 -of the consultants' report).

-

o &

Mc%aster Lniverslty

. [} - P * ~

McMaster University offers doctoral studies in pure mathematics including : :
probabilit# theory and master's programmes in statistics and computer science.
Although the quality and rbputation of the faculty in several fields of pure
mathematics were recognized, the quality Gf both master's and doctoral theses
was seen to be ‘acceptable but not outstanding. The desirability of giving .
attention to some aspects of applied mathematics in the programme was noted, s
Concern was expressed about the fragmentationm of graduate work in statistics
and the tirgent need to unify graduate teaching and research-in this aréa. The i}
héterogeneity of faculty quality and the narrow scope of the MSc theses in. ~ - e
statistics were mentioned although'the existencé of impressive sttength in

- another department was also noted. ACAP is pleased to note that the univer-
sity is underfaking a reorganization of its graduate work in statistics and .
supports the consultants' recommendation for appraisal. Finally, the inter- -

T disciplinary MSc programse in computer science appears to be attractive and .

: is supporced by related research strength in chemical and electrical eng}neer—

ing,‘but does not appear to have the desirable strength in theotetical com—
puter science., ° -

3 "y

. ‘ ’ . .

. . . .

: %‘
R . : , =

Recommendation Cl2.,

It is recommended that McMaster Qniverspty:\ . . 1€e

i) continue its graduate’ programmes jn pure mathematics, .
ii) complete,the reorganization of its graduate work in statistics

and submit the revised programme for appraisal, ceasing to - ‘;“E
enrol new students after Decembey 31, 1977, until a favourables - ~
appraisal has been obtained, '  i* ’

.
A : ‘ : 3 , \ ,.
. % . ,
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geeommendation Cl3

- 20 - _ , .

iii) -strengthen its faculty with respect to tore subjects in com-
puter science and continue its masfer's programme.
(See recommendations 7 25 and 35 of the consultants report.)
See.also recommendatlon‘C6 pfge 15. 'Y > t

. University of Western Ontario

]
The University of Western Ontario offers the PhD 1n the three areas of mathe-
matics 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 thére is also some strength_ in algebra, The
consultants feel that the addition of several strong research mathemat icians
ig vital to: the maintenance of a strong doctoral programme. They also
suggest a closer liaison with the applied mathematicians, several of whom
enJoy 1nternational reputations. The latter ayea is well covered at the
master's level but the departsent- is unlikely to achieve its full potentlal
untll a number of ,organizational problems involving mathematlcs, mathematical
physics and theoretical physics are resolved. ACAP joins the consultamnts in_
hoping that the ternal 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 cértain weaknesses in .
relation to course offerings and theses. ACAP is pleased to learn that the
‘thiversity is prpceedlng with the unifjcation of the organizational arrange-

ments for statlstlcs and supports the consultants’ recobmendation for appraisal.

The master's programme in computer science z s been Very successf but the”
consultants believe that raising ‘admissidn Standards would be more beneficial
than increasing enrolment. They -also indicate that the overall research
record\of the department is not strong enough to justify*the\groposed doctoral
programme and suggest that the occasional PhD student might p oceed®under a
cooperative arrangement with Waterloo and Toronto. :

» ‘ 4

. -

It is recommended that the Ugyiversity of Western Ontaiioz ’ .
L »
i) continue itgemaster's prggramme in pure mathematicg and submit
its dogtoral progr e for appraisal, ceasing to enrol new stu-
dents after Decembfr 31, 1977, until a favourable appragsal has
been obtained,
ii) continue 1ts‘graduate programmes in applied mathematics,
iii1) submit for appraisal its graduate programmes in statistics,
ceasing to erirol new,students after December 31, 1977 until
a favourgble appraisal has been obtained,
iv) continue its master s programme in computer sciance but defer
v lmplementatlon of "its propgsed PhD programme as suggested by
the consultants.
] ' ; . .
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(Seé'recommendations 8, 18, 26 and 36 of the consultants' report.)
See also recommendation C6, page_lS. . R .

- . ‘ - »

2
N University of Wimdsor

. . B . ] é
The Univers1ty of Windsor offers dactoral studies im the threer areas of
mathematics but has no graduate work in computer science. The consultants
fexpressed.concern about the viability of the PhD programme iﬁi re matﬁé-
matics. The faculty is young and tenured and a vacancy for a necessary -
senior mathematician seems unlikely. The enrolment is low; only three
doctorates have been graduated since the programme began. Again, doubts
were raised as to the number of wallﬁnualified Canadian students that will

be attcacted to the progfamme. In applied mathematics, doctoral work ceritres
around the mechanics of solids and fluids and applied analysis. There is
good cooperaﬁion between the mathematicians and the engineering departments.
The doctoral theses are of current interest and good quality. The graduate

- s

programmes in statistics are of satisfactory quality but the consultants

point out the need for §t least two Strong research-criented appointments to
the faculty. Cooperation between statisticians #nd other faculty members
throughout the university is commended. ACAP wishes to- draw to'ihe univer-,
gity's attention 'the possibilities of ;tooperation with other umiversities.

) . L , . % ~ ’ =
‘Recommendation €14 \*{\\¥

It is recommended that the University of Windsor:

i) continue its ‘master's programme in pure mathematics and submit
its docforal programme for 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,
iidi) strengthén its staff in probabiljty and statistics by the
addition of two ¥trong, resgérch—oriented members or submit
.its doctoral programme in statistics for appraisal, ceasing to
- enrol new studentg after December 31, 1977, until a favourable ;
appr?%ﬁal has been obtained,
(See rec endations 9, 19 and 27 of the CQQSultants report.)
. . ] .

) University of Guelph '

“ - -

Guelph offers a master's 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

W . - !

o . ] ‘- 3u ' "
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the master's level emphasizing statistics. * They gsuggest that the current
programme in statistics should be ' continued fostered and better advertised
in view Of :the healthy atmosphere genErated by the applied reSehrch carried
out at the Umiversity." "The master' s. heses £rom this programme are of high,
qudlity. The ‘gansultants suggest that doctoral studgnts from Waterloo might
be encouraged £% work with Guelph faculty on agricultural and biological

’pfoblems. .In the computer science area Guelph has withdrawn its plans for

a haster's programme. Again, it is suggested that Guelph arrange to ‘have
its faculty become involved with programmes at other universities.’

_— .

s

Recommendation Cl5

»

. e

~ 1t 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' s‘programmes 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 consaltants' report) .

See also recommendation C6, page 15.

. - Lakehead University
=8

- —~—

i
-~ - _ .

Lakehead offers a master's programme it pOre mathematics and has a“proposal

for an interdisciplinary, master's programme in applied computer science.

The graduate programme in pure mathematics is 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 tﬁe need to attract sufficient Canadian,6students and to allow the
faculty enough %Jme to become active in research before implementing the
programme. $ . . N
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
‘entdire 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 unrestrdcted programme. : .

.
-

\ s

s
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Reoomﬁ%ndation Clé

It is recommended that Lakehead Un§Versity: A

i) continue its master's programme in pare 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,
defer until 1979-80 its proposal for a programme in applied
computer science in the'light of the comsultants' comments
conderning the need for additional &staff and the development
of an adequate level of research activity.

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

’/ Q. . ~ . e l‘;

. . Y

>

. York University

]
-
-

York Unlver51ty~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.prov1nce),‘classica1 analysis and probability,
buf there is weakness in other areas, particularly in statistics. Faculty
resources are not used to the best advantage and the existing programme 'suf-
fers from small enrolments. ACAP is convinced that cooperation with other
nearby institutfons, 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 fioted particularly, that the strength in statistics at
Toronto and York are complementary and cooperation in this area would be
beneficial to 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. ‘If the proposal for a programme in
computer science is developed, two new appointments shoyld be made and the
detaids of c6§perative arrangements with other -universities should be spelled
out. . . .

S

Recommenéation Cl7

-

It is recommended that York University: \

i) \Eonslnue its unspecialized master's programme -in mathematics,
ii) consider the consultants' rzcommendations concerning part-time
B studies and/or a specialized MSc programme in applied proba=-

bility, .

iii) give serious attention to the recommendations of the consulr
tants concerning its proposal for a master s programme in com-
puter science. -
(See recommendations 11, 29 and 37 of the consultants' report.)
‘See also recommendation C4, page 15.

T
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» Recommendation Cl . -

It is recommended that the universities give careful consideragion tos the
‘comments of the consultants and plan their doctoral admissionsgtb ensure for
each of the areas, a reasonable balance between the number of gnaduates and
the employment’ opportun1ties. [

[P, o)

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

13

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

Recommendation C2 ’ l \\\- :

It is recommend:? that part-time study at the master's level be made avail-
able when appropriate and practicable. " .

<
-

~ B . =

Recommendation C3 ) . N

* u

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

»

. Lt 1is "also recommended that the discipline group, 'in addition to its normal
"role' undertake a study of the many reéecommendations 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 im recommen-
. dations 38, 39, 40, 44 and 45 of the consultants report.

e
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Recommendation €4 ' - . -

gu‘. . ®
It id recommended that the University of Toronto afd York University report

to ACAP by December 31, 1977, on progress in connection with: h

a

o “i) the {h§61;eﬁ§nt of York faculty in the supervision of research
. students at the University of Toronto (see recommendation 11,
page A-42), . ’

ii) the development of a regular-statistical seminar involving the
collaboration of both groups (see recommerdations 20 and 29,

T pages A-55 and A—62),\and’

‘;*\\\'.\ iii) the proposed programme in comPuter .sciefce at York, if it is to

- . 1involve collaboration with the University of Totonto (see recom-
‘ mendations 30 and 37, pages A-64 and A-71). .

}
-

- N
g

Recommendation C5 . ‘ru

“. It is recommended that Carleton Universityv and the Universitv of Ottawa
.’—,.

' repért to ACAP through the Joint Ottawa-Carleton Committee for Gradug}g*(_
Studies by December 31, 1977, on progress towards:

. i) a cooperative programme in the field of information and systems
. ) {

N science (see recommendations 15 and 16, phges A-47 and A-48),

ii) increased collaboration among the statisticiams of the “two

and S
iii) the development of a comprehensive joint programme of academic ,

“ . universities (see recommendations 22 and 23, pages A-57 and A-58),

.7

work in computer science for the .-Ottawa area {see recommendations’
[ 4

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

Recommendation C6

It is recgmmended that Guelph,'ﬁcMaster and Waterloo #niversities and the
University of Western Ontario discuss the possibility of collaboratton im
the variety of ways indicated by the consultants and gepdrt to ACAP by
December 31, 1977, "(see recommendations 21 and 28, pages A-56 gnd A-61 as
'well as comments in Chapter III)~ - t -, :1 )

. . .
' L
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Recomm¢ndation C7 * o : - o .
o * ! ‘ A d . - v . rd . .,
» ’ : ; c A . .

It is recommended hat the Univensity of Torxonto’ continue its graahate pro-
grammes in all® four ¥ceas of the' mathematical sc1ences (see recomméndations

"2, 13, 20 and 30 ,0f the consultants' report). . < e
See also recommendation C4, page 15. ) : o a
R I - T

Recommendation C8 - 3: '

. -

‘Tt is:reco ended that the University of Materloo continue its graduate pro-
: Y g

grammes in 411 four areas of the mathematical? sciences (see'recommendations
3, 14, 21 and 31 of the consultants report) .

statistics W
applied ared, o
-implement its 1nterdepartmental ‘progra in information and systems
science, after consultation with the Uni ers1ty of Ottawa As “called
,for In recommendatiom C5, and giving ful consideration to the
consultants" view on "the rolé of statis ics and probabiligl in this
field, .

(See rpcomméndatipns 4 15, 22 and q2 of th
‘See also recdmmendation C5 page lS

re precise def n of the fields offered in the

+

A .

co sulta'nts &Qpax:t‘) ¢

- -\ .

Recommendation C10 . . %

Q

;t gé*reCommended‘that the University of Ottawa: - "
"‘i) continue its master'é programme in pure hematics, develop and ’
- Wsubmit for appraisal its proposed MA(T) ogramme and ‘submit its -
» _ doctoxal programme in pure mgthematics foX appraisal, ceasing to .
< enrol new students after December 31, 1977\, until a favourable . .
’ apppgisal has been obtained v A~ ’ .
w 1) continue s master s programme in applied uhematics; develop
' .~ an interdepartmental programme ‘in mathematica *ndi submit .
A - its ddctoeral programme in applied mathematics for appraisal« ceasing
S to enrel new students after~December 3, 1977, until a favourable
’ appraisal has been obtained . N " T
! T -
- 5 . s 3 o * ~

See also. recommendation Cé, page 15. - . Co . .
" . oo O:» u
— . . .
e Cos e P - ) = . s
Recommendation C9, 7 o h AR ’
. rY v r v .
. e - ’ - . ' % . .
. b ¢ KA g .
1t 1s recommended that Carleton Uni&ersigx \ ' ' _
* . 2 .
&) - eontirue its doctoral programmes in pure and applied mathematics and

.
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‘ iii) submit its interdisciplinary mastet's programme in general systems
T and’ information sciences for appraisal, ceaiéng to enrol students
y._after December 31, 1977, until a favourable ppraisal,has been
- obtained, , . '

[

. iv) 'submit.-its masSter's and doctoral programmes in stat1stics Jfor s

apprg#sal, ceasing to enrol new students after December 31, 1977,
until a favourable appraisal has been obtained,

, V) ‘defer further development of <its proposed- master's programme in -
iﬁmputer science pending the results of the discussion called for

I recommendation C5- o - )
¢ - (See recommendations 5, 16, 23 amd»33 of the consyltants' report.) - '
See also recommendatiqon C5, page 15. ’ ‘ ! 4 )

¢

. .
. . \'
+ . ¥ -

\ t ) ‘

[T , '
‘Wiommendation Cl11 (/ ' o '

It is recommended Hpat Queen's Universigb continue its doctgrAI programmes v
. in pure and applied mathematics and statistics and continfie to strengthen
its ‘master's programme in computer science. AGAP endorses the‘gonsultants
view that the proposal for ‘a PhD programme in computer science be deferred
(see recommendatibns 6, 17, 24 and 34 of the consultants' report).

Reécommendgtion T12

.
..
-1-/~ -
N °
PERY -
.

’ - “.4 ‘[ “* . ‘}\

It is recommepded that McMaster University:

. ¢ -
i) inue its graﬁuate programmes in pure mathematics, Vv
) i .ii). cOMpllete the reorganization of its graduate: work in statistics
o - and submit, the revised programme for appraisal, ceasing to ‘enrol &
. new studen%& after becember 31, 1977, until a favourable appraisal
i T . has Been obtgined,«’ N
- iii) strengthen its faculty with resgect to core Subjects in computer .
- o .'sctence and coptirue its master's programme. . v . . .
(See recommendZtiggs’T 25 and 35 of the consultants' report.) . R .
v o See glso recommendation C6, page 15. ’ - . -t . -
;2‘ - . . R @ . ‘ ’ 3 . I \ ,
' - Recommendation C13 . e @ ) ’ . ‘ A . ‘
/ ~ .7 ' .-
I ) . J ) L

it is recommendgd that the University of Western Ontarioa '

s

’ y 13 contihue its master s programme in puge mathematics and-s éit its. »
: ) * doctéral programme foq!appraisal, ceasing to enrol new stulfents - “
. after December 31, 197723uae11 a favourable appraisal~has been ,
’ obtained o K .
v ’
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‘continue its graduate programmes in applied mathematics,
suﬁmii for appraisal its graduate programmes in statistics,
‘ceasing ‘to enrol new students after December 31, 1977, until

a favourable appraisal has been obtained,
continue its master's programme in computer science but defer
implementatidn of its proposed PhD programme as suggested by

A ’

the consultants. "

(See recommendations“8, 18, 26 and 36 of the consultants' repoért.)
‘See also recommendation Cﬁ page 15.., ) oo
' - - ' . -

. Recommendation Cl4

4

Y

It is recommended that-the University of Windsor:
7

. ’ . * ) ¥

. * 1) continue its master's pro e in pure mathematfts and'suﬁmit
< its doctoral progsamma/fgfrzzzraieal, ceasing to enrol new
students after December 31, 1977, until a favourabAe appraisal
v has\Been oBtained,
. il) continu# its graduate programmes in applied mathematics,,
iii) strengthen fts staff in probability-and statistics by the

.addition of two stang, research-oriented members or submit its
doctoray, programme in statistics for appraisal, ceasing to enrol
new stu

ents after December 31, 1977, until a favourable appraisal’
“has been obtained. :

« (See recommendatlons 9, 19 and 27 of the coqsultants report.)
Recommendation C15 ) TN )
A A & :
. It is recommdnded th%t the University of Guelph continue its master's .
programme in“statistics and ‘consider. the-consultants' comménts and
suggestions concerning its work in pure and applied themagics, reporting
to ACAP on the results of its deliberations not 1a<br than Way 31, 1977.
If the deécision of the university is to retain separate master's programmedi v
v in pure and applied mathematics, they should .be submitted, by September 30,
"1977, for review by the Appraisals Committee (see recommendation 28 and 1/
) /pages A-39,. A-50 and A-61 of the consultan;s'hreport):\ 3
) See also recomm‘g&:ffon C6, page 15. .
’ N Y S o ,
* . & -é o ‘ "
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Recommendation Cl6 ; ) ” . .
, § ‘v
It i% recommended that Lakehead Universiﬁ@:. x .
_1) continue its master's programme ‘in pure‘mathemat;cs and applled
analysis and consider the consultants' Suggestion to submit for
. appraisal a master's programme in pure mathematics, unrestricted
in scope and offering the degree bv coursé work or thesis, -
ii) defer until 1979-80 its proposal for a programme in applied y
. computer sciegge in the light of the consultants' comments con- . .
. cerning the need for additional stdff and ‘the development.of an )
- . adequdte level of-research activity. . . .° . ’ .
(See recommendation 10 and page A-70 of. the consultants' report.)
: -y
" Recommendatipn Cl7 ) : .
It is recommended that York University: | \\\
s - ! e ‘ R ’ -
i) continue its upspecialized master's programme in mathematits, - Lo .z
4 ii) consider the consultants' rkcommendations ¢oncerning part-tipe . ’ .
studies and/or a specialized MSc programme in applied probability, '
1ii)  give serigus attention to thé recommendatlons ©of the consultante i
concerning its proposal for a master's programme in computer -
science. R S
(See recommendations 11, 29 and 37 of the consultants report.) " or "2 =
' See also recommendation Cé4, page 152 o - . -
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COMMENTS OF OCGS TO COU ON THE

ACAP REPORT ON THE'MATHEMATICAL SCIENCES.

. : . . ‘ -~ .
ACAP and the consultants are to be congrattulated on producing a report that
is both clear ahd generally agreeable to the widély varying disciplines
covered under the umbrella .cf the mathematical sciences.

O0CGS concurs with the recommendations as set forth and would make the -
following comments. R

Recommenda}ion C3 which states )
-- It is recommended that the Mathematical Sciences Discipline Group
reriew—the—enrolment—employment situation, annually and make appro-~
. priate recommendations to ACAP to adJust the target objectives if
this is warranted. .
It is also recommended that the discdipline group report to ACAP .
by May 31, 1977, on the sgemingly high enrolmént/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
Ehé consultants in €Ghapter 'III that deal with matters of collec-
ive, concern. . The group should report to ACAP before May 31, 1977,
on the desdrability, feasibility and, where appropriate the
~implementation of the actions proposed in recommendations 38,39,
40 44 and %45 of the consultants' report. -
is strongly supported. It is hoped that any ‘provision for the partic;pation
cof faculty from one university in the graduate pfogramme of another would
extend to_qualified faculty‘ovef the system as a whole, and not just to
’ departments with some form of graduate programme in one area of mathematics
or another, N . : ) . ‘ =

', .

0CGS also underlines the importance of the following recommendations_for
regional coop!ration S .

C4° 1} is recommended bhat the Univers1ty of qugﬁig_and York Univer-
sity report to ACAP by December. 31, 1977, ofl progress in connection,
with: , ‘

. L,

i) the involvement of York faculty in the supervision of research
studentsat the University of Toronto (sge recommendation 11,
page A-42), . -
:the deVglopment of a regular‘statistical seminar involving éhn//
chlaboration of both groups Ksee recommendations 20 and 29,
pages A-=53 and A-62), and ° : "
the proposed programme in computer science' at York, if it is to
involve collaboration with the University of Torénto (see. recom- -
mendations 30 and 37, pages A-64 and A-71). 4 © .

. . ,

~,
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QB It is recommended that Carleton University and the‘bniversity of
0 tawa report to ACAP throygh the. Joint Ottawa—Carleton Committee .

Graduate Stud1es by Décember 31, 1977, on‘progress towa{ds
i) a cooperative, programme in the f eld of ‘hformation and sys-
tems science (see recommendatlons 15 2nd 416, pages A-47 and
© A-48), T, , o o, 0 .
/ ii) increased collaboration among the statisticians of the two
universities (see recommendatidns 2 %@d 23, pages A-57 and
) A—Saj, and .
;ii)“the development of a comprehen51ve Joint programme of academic
work in computef science for the Ottawa area (sée recommen-
dations 32 and .33, pages A-66 and A-67).,
c6 It is recommended that Guelph, McMaster and Waterloo universities -
and the University of Western Ontario’discuss the possibility of
collaboration in the wariety of ways indicated by the consultants
and report to ACAP by Detember 31, 19]7,_(see recoldmendations 21 and
28, pages A-56 and A-61 3®s well as comments in Chapter III).

»

-

. ks

Recommendaﬁion;CQ which states

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

is particularly appropriate in the mo;e applied areas of statlstics and
computer science.

. -
*
- L 4

The recommendations calling for external appointments to supgrvisory com-
mittees and for more interuniversity statistics seminars may be appropriate.
To encourage interuniversity’exchangesyin the mathematical fiiences support,
both moral and financial,. is requiredff The lower level of federal research
funding in mathematigs® when compared with the physical and biological sciences
may not’ permit as much travellin% as would be desirable. *

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 maintaln strong roots
in both areas. One shouldshot be stremgthened at the expense of the ogber

As' is clear from the ACAP and consultantQ' reports, problems grise from the
presence of many departments and programmes within each university, encompassing
the diverse disciplines of the mathematical sciencés. Each university should
consider some coordinating body to catalogue and correlate:interests of a
mathematical natire because'in many instances applied mathematics is found in
departments of the social, physical, biological and engineering sciepces.

-_—

Lt ts regretted that therk is no direction regarding the introduction of new .
master's drogrammes either,in specific.or general areas or of an interdiscipli-
nary nathre

January 5, 1977

L
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RESPONSE Gg THE DISCIPLINE GROUP OF THE MATHEMATICAL SCIENCES

-~ TO THE ACAP REPORT

ON THE MATHEMATICAL SCIENCES PLANNING ASSESSMENT
¥ . " .
4 The DlSClpllne Group would like to make several comments, on the ACAP Report
"“to be consaaered 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 the pxgsent number of
M.®%c. students is of the right order (Recommendation Cl) although the suggestloq
. that part-time studies be encouraged (Recommendatlon C2) could lead to6 a ,small
increase in the size of master's pregrams. M

Wwitn regard to the suggested numbers of Ph.D's per year, the Discipline
Group is satisfied with’ the conclusjons of the Report concerning Pure Mathematics
and Computiil’Science. As is pointed out in the -ACAP Report, the present enrol-
ment figures.in Applied Mathematics and Statistics appear to be compatible with
the suggested number of 10 Ph @ s per annum in each of the two areas. The
Dlsglpllne Group feels, neverthe}ess, that 1t 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 3 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 Appljed Mathematics the possibilities of non-academic
employment could make the figure of 10 too small in the very near future.

. 2. E§RQLMENT/GRADUATION RATIO AND LENGTH OF PH.D. STUDY
In Regommeéndation Cl 1t is strongly recommenéed that the yniversities
examine their enrolment and graduatlon data to determlne the underlying cause
for the high ratio of enrolments to graduatlons In the three académic years
"1972 - 1975 this ratid 1s 4. 9, 5.9 and 4.3 respectively. It is higher for the
year just past but we feel that the graduatien figures are 1ncomp1ete (the date
of-the table-is June 17, 1976). We do not find these flgures at all excessive.
If we assume the stuaents who go gn to Ph.D. studjes finish their master's degree
.in one vear and if we also assume that a period of four to five vears after the
B.Sc., is appropflate for a Ph.D., this would ledd to the conclusion that, without
" any' attrltlon .at all on the Ph. D ‘level, the figures should be about 3.5. - Ef we
use this flgure in 1974/75 for example, this would mean that 89 students out of ,
310 should graduate, whereas tHbre were gnly 71 graduates - the difference ¢ould
be accounted for by 18 students dropplng out during the year. We fail to see
how tHese figures can be 1nterpreted as excessive. v seem to us entirel
normal and desirable and we do not believe that furthbiactlon on the part of the
universities or the Discipline Group is appropriate. ‘

— .
- = - .

A closely related matter 1s, of course, the desirable léength of .time for

" ph.p. studies. The Consultants (second paragrdph, page A-15) state that the

time required for the qoctoral degree should not exceed three or four years of
full-time study beyond the baccalaureate undér normal circumstances and this

“length of time appears to underline the ACAP calculations leading to the part of
.Recomtendation Cl alluded to above. As we have already g:inted out in our response ®
to the Consultants' Report, the Discipline Group disagrees with this view and feels

’

s lb

» T
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that a more appropriate flgure for the 4endth of Ph.D. study beybdnd the
baccalaureate is four to five years, especially in view of the statement by
the Consultants that more comprehensive requirements for graduate students and
increased emphasis on quality are desirable. - ‘
SIZE OF GRADUATE PROGRAMS, INTER-UNIVERSITY COLLABORATION AND GRADUATE SUPERVISION
' X AL _
The ACAP Report supports many of the Consultants' views on these topics and
we would like to refer to our reactions to them op pages 4,-5 of our response to
the Consultants' Report

? . . F »
.
8

4. MASTER'S DEGREE ‘
/ c - - ! .
Agaxn we would like to sefer to our statement on page 5 in our response to -
the Consultants Report on this toplc Y

UNIVERSITY RECOMMENDATIONS

.
oy

" As already noted in the first paragraph on page 6 of-our response to the
Consultants' Report the DlS”lpllne Group 1s unhappy with tHé statement on page
14 aof the ACAP Report on Computer Science, since 1t might be interpreted as
implying that Computer Science should strengthen'lts ties with the other areas
of the Mathematical Sciences at the expense of 1ts ties with other university
discipllnes such as Science, Engineering and Social »Sciences.

. , .

Although the Discipline Group does not_ wish,to take 1ssue with the requests _

for the reaprraisal of certain graduate programs, there was some dissatisfaction
expressed about the short length of time given ‘to the univéfsitwes to implement

‘ some of the recommended changes before such appraisal takes place. A motion was

Aruitoxt provided by Eic:

passed, (5°'in favour, 3 against, 13 abstentions) that,An\those cases in which
the university.feels that the allotted time 1s-inadeqdate, the proposed deadlineé
for reappraisal be changed to December 31, }978.

B -
.

[ ] There was also some discussion 1in the \Discipline Group about the Judgments
rendered on Ph.D. theses at certain universities and we again refer td our state-
ment on page 6 of our response to the Consulfants' Report on this matter.

v A4
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Aruitoxt provided by Eic:

THE I'RINCIPAL
L
- CHANCT®EOR »

AND VICI

‘Dear Dr.

Vs . -

Nrnesron Cang

130 St. George Street, Suite 8039 .
Toronto, Ontario M5S 2T4

AY
Yates:.

I am writing to state that Queen's University is
satisfied with the ACAP Report on the Mathematical Sciences
Planning Assessment, and does not wish to submit any comments

except its géneral appro of the Report as related to
Queen's University. i

.

reply.’

There is no objection to the publication of this .

o C

. \' v[/ . Yours sincerely,
. ‘_7 .

-

P »
. . /. T/
h < .'.'14//

. Ronald LidMatts’
\ Principal and Vice-Chancellor

' K

I Queen~ Ly oot

[N

N SR 8
. . 8 Decembei 1976
' ,'\
Dr. H. H. Yates :
Executive Vice-Chairman, 0CGS
Council of Ogtarig Universities .

LA
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- . ] . UNIVERSITY OF TORONTO

.

‘School of Graduate Studies ;

o -

“DFFICE OF THE DEAN ‘ T Toronto, Canada ‘55 141

, .

ot . . ) December l!, 1976 .

i - .

RS . o

. . . v

. ”  Dr. H.H. Yageés / Lo
. Executive Vice-Chairman
Ontario Coun#il on Graduate,Stééies

-~ Robarts Library, 8th Floor (Suite 8039)

130 St. George St,
" Toronto, Ontario

r oy

. ‘ ‘Dear Dr. Yates:

. Vs
- I am writing to
not wish to
on the Math
\ .

y that thé University of Toronto does
e any further comment on the ACAP report
atica¥» Sciences for .COU's consideration. -

¢

. I should be glad, however, if you could convey to ACAP, .
~and to the consdltants, the University's thanks for a
‘ report whose cdnstructive critjcism has been very h ful
to us. Wiﬁpout going into detail, we have now found’an- -
organizatignal solution which will greatly aid our o
programs in statistics; a review of applied mathematics
is.also under way. Universities (even this one!l)
] \occasionally‘ﬁeed such an external review 4o spur change?y
Tt I.am glad to be.able to say that ACAP"g confiden in this
University's willingness and ability to deal witﬁezhge
issues raised by tQ?‘consultants has not .been misplag¢ed:

r

. '
Yours sincerely,
» . - -y,

. A . i ('\ ) , ’ ) . -

’ . . - #W'& Xy - 7*-&144/ .':
James M. Ham
Dean -

T
Gt
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Dr. H. B. Yates - -
Executive Vice-Chairman

Ontario €ouncil on Graduate Studies
130 St. George Street

Suite 8039 :
Torénto: Ontario : (
M55 2T4

UNIVERSITY

-

OF WINDSOR

WINDSOR., ONTARIO N9B 3P4

X TELEPHONE AREA CODE 519
- 253.4232

February 1, 1977 T

v

Dear Dr.

‘Yates:

I write in"reply to recommendation Cl4,
.on the Mathematical Sciences. -y

It fs:recommended that we strengthen our staff.in probability and
statistics by the addition of two strong, research-oriented members
or submit our docttoral program in statistics for appraisal, ceasing
to enrol new students after December "31st, 1977, until a favourable
appraisal has been obtained. ) )

iii), of the Report to COU

While the consultants weré\alggady engaged in preparatioﬁ of their
Report we had reached a similar €onclusion, and had advertised in

the Fall of 1975 for the first of these appoimtments. We were able -
to make a suitable appointment,in early 1976, and the appointée is
now,on staff.” )

Shortly thereafter another‘vacancy occurred in the Department of -
Mathematics, and it was agreed that jt 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 hepe w1ll be

willing ro join our staff with full tenure, in due course.

!

As the forgoing would zhgicate the Universjty of Windsor had accepted,

e need for twof, research-

n advance of the consultants' recommendatiion*
%E{;?ted appointments, and has already prowjded them. I would accord-
ing¥y suggest that it should be noted that t condition now specified
in the Report to COU on the Mathematical Sciences, in respect to our
. program in statistics, has been fully met. .

-

-

Yours sincerely;

. . w. - ’
N o , s )
e 4
e ] o . --. i . L ~
' , J. F. Leddy
JFL:sp g ,” President
e - r

. Ji
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fu?] respon31b111ty for them.

Ve .

fm

The University of-Manitoba

;
Department of Physics .
Winnipeg, Manjtoba R37T 2N2 ' . . ¢

)

!

A';?m 27, 1976

l

Dr. H. H. Yates . o
Advisory Committee on Academ1c Planning .
Appraisals Caommitteer Lt
Ontario Council on Graduate Studies ]
130 St. George Street, Suite 8039 T : .
Toronto, Ontarxo : . 4 .

M5S 274" ' i

Dear -Dw. Yates: A

You wi117find our report on the mathematical sciences
enclosed. We wish to express our appreciation to the
pathematics departments. of the Ontario universities for th31r
careful attention to the preparation of the varlous documen'ts
and forms required- -for an ACAP agsessment of” graduate programs.
We are indebted to Miss S. Cale who reduced the vast ‘amoupt of
data to a form suitable for the tabjes and figureS. . She also
arranged the mechanics of‘our v ts to the unlversAtles with,
great efficieacy. -We also: than;ou, and your predeceSsor, ’
Dr, M. A. Preston,‘for 1nformat1on and advice.

4

8

A]though we have attempted to produce a report free of
errors, some may occur. However, 1f there are any we do accept

L]

. *- ‘e
. We hope this report is acceptable and useful.

- -
‘ K

Yours truly, $

: : - : C}Uﬁﬁﬂtct_£;~rﬁELfédr

-

- ) G. -Birkhoff, f}:

S DR G e

a s . . - - . ta
Telr o D. R. Cox, and R R
. . b.”
. \3\ A “WM‘L : .
- ; - . ' ’ o «
RN . H. Morrisn oo To v
- - », o .
. i Consu]tant&, et r R
. . . N W . i
I . - -
AHM/Agma 6 4 RPN . o4
- e . oy “-
Ence o3 .. - et
- - » - -
oy, e ! s H
4 “.A# v I'4 ‘5" . y
“- IS » LA .
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PLANNING ASSESSMENT OF THE MATHEMATICAL .SCIENCES IN ONTARIO,

. . i 0 - ' v
-y . ’

\ » . R -
: : . " i-iCHAPTERI“ ;

. t‘& » 4 i’
. o PRELIMINARIES

1. Introduction‘ 0
n This report is concerned w1th the graduate programmes in the
mathematical sciences offered at the Ontario.universiffies. It was com ° -
K missioned by the Advisory Lommittee on Academic Planning (ACAP), a com-
mittee of the Ontario Council on Graduate Studies (0OCGS) which in turn
- is an_affiliate of tfle Councll of Ontafio Universities (COU)¢ The terms “/
- . ©of reference are reproducnei in Appendix I. .It is useful’to élaborate on
“Some aspects ‘of these tern®, and to indicate how they were interpreted
u a‘i implemented t‘hls is done¥in section I-2, .. ’
- - '4
s Th'evel of activity in the mathematical sciences at prese”ﬂt
is discussed in_r.\sestf“lon 1-3, and compared with that *In Canada as a whole,

M

’ % “and id other countries with‘ similar traditions. Some remarks on the
% . degree of .adtivity and relative quallty will be made. The role of the
. Jjnaster, e* doctoral programmes\ will be.discussed invsection I- 4o, -

‘ 0 Next, ge stu ents their preparatiol and distribution between areas,
.o and universities,, will be cons1de(g£1n section I-5. The current employ-

ment prospects and limitations on enrolment will be ifiterrelated in ,
- ction I-6. Chapter I‘will then be concluded by some general remarks
ﬁ Sectlen I-7. - - . .

-
“ n ]

/ Chapter II is concerned with detailed reports for dlfferent \o _
%’reas of mathematics and for different universitil®s. Chapter IIL concludes
he main body of the report, and presents our genafal conclusions andse -
recommendations. ) : . 4

. 5,
’ . . W 2% 1

[

\ ’

Y FourteeHi,sciplines have been assessed by consultants appointed , *
i by ACAP. The format of ¢ ﬁe reports presenting these assessments, the nature
* of the argumerxts used, and the degree of acceptance and usefulness have:
influenced, positively or negatively, this report on the mathemaf’lcal sciences.
.. Especiay meption should be pade of the COU-Report 11B on Electrical Engln—
_eering -(1974), and of the GOU Report 14 on Physics and Astronomy (1974).

P N

t odrse 8f the present  investigation, Background Study
4 4

g
onsogy the, Science Council of Canada, entitled Mathematicaf

evaluate the“’present types.of tesearch

©°38, s
Scdiences <n Canad by A. J. Coleman, G. D..Edwards and K. P. Beltzner, L »
became available. - 'I"hei'r terms reference’ were broad; they were to .
4gonsider theiki' d’ extent- he usage of mathematics in Canada, to

to estimate present and future

BN

»

o

v

manpower supplles -and needs, to examine training methods, as well as .1
other matters. The influences of mathematics at all levels, including
. the int&ctlons of mathematlcians |a users of mathematics were described ‘

by .the estive phrase '"mathematical ecosystem'. THis ambitious”and ° . o
imagingtive report can be read with profit by all interésted in the ,
. , ii . & . .
» - / N v * P . -~
- - . .
., : o !
. - !)\) ~
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mathematicaK sclences. 1Its relationship to the presext report is ﬁowever .o
peripheral, and it wili be referred to only occasionally.'

«

[

"Otherysources of information used as general background tended '

'to be more specialized. Exampl*s are Statisticg Canada, and, the De 'Lury =~ . . -
report on statistics at the University of Teronto. Any use of such 11terar\'_ .
ture will be ngted at the  pertinent. part of the text. .
‘., ’ A 4 . ° ) " . .
2. Procedures. .. . . : Tt S e . o T
- i ? v - . &

. . , ; R . <y
e mathematical sciences have undergore great growth all

‘/,_over the ,wo 1d in the past twenty years. - Af one time,. it was primar11y

1 4

physics, chemistry, and engineering students who needed'a knowledge of ’,:, _
Jnathematics for use in their subject. Nowadays, the list of ugers is 7 /
vast, and includes.most disciplines in the biolvbgical scientes’ and the )
social scignces, 'and, although td a lesser degree, even some students in
“the humanities. Computer science, which after some hesitation has pro ;Iy
settled into a Wathematics sett1ng,_1s a’'major new development. A Xarge : . :
« faculty in mathematical scientes is required”just to satisfy undergraduate C
teaching needs.- In addition, there have been major expansion and develop-
ment at the research level ,in most branches of mathematics, which are at
. Jeast comparahle te those that have occurred in several other subjects imn
¢the past two deéiaes In,pure mathematics the growth has been particularly
great; an emphas1s on abstragtness has™ developed since World War II
which however, now seems to have passed its peak” The range of applica-
tions of mathematics has also greatly increased in the past fifteen
years,‘this expansion has important ‘implications not only for the intel-

« .

‘lectua@.v%gor of th¥ subject., but also for the number of employment pros- .
pects. . . . v / .

. » The end result is that the number of mathématic1an on un1ver- .
sity staffs is much larger than fér many other traditional di§cip1ines, . o

such ds chemistry or .physics. Indeed, at many universities the mathe-
@atics personnel comprises cflose.to 40% of the total in a faculty of

‘stience. even greater variant is to be found in Ontario at the Univer-
Eity of Waterioo, where a faculty of mafﬁematics exists, and which is
\one of the largest faculties~on that. campus. e . ’

1 . >
4 . - . .

From the’ outsef, it must have been clear that a planning assess~-
ment *for~wafhematical sciénces in the Ongario yniversities was beset with .

L4

procedural problems. It decided by ACAP, in consultatiop with its - Bl
- mathematics discisling/%gggittee, to divide the mathematical gciences IR O
into four major areas, namely, RS . e )
R " (1) pure mathematics . a e ’ ‘"\: .
o (2) lied mathematics ' i L Loy
~ ¢« (3) :g;%istics, and ) o -- ) -l K
(4) cdmputer science. .- ™ VIR . . .
. . . b "
This choice has at least the merig 8f.cbrresponding to the debartmental
structure employed at some universities, both wit®in <Ganada,.and’abroad. -
E s . .
, v , -
{ "f.-\‘ .*&1 .'
[ , hd o, LWAN - ’~ : ; \ b |
e N - R ‘t\._ A ’ !




. There are, however, anomalies. In Ontario“fhere exists‘ﬁhly one depart-
ment with the name 'pure' 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. : ) '
~ ' A « N
'These four areas haye been further gubdivided intog#Pelds;
they are listed in Table I. The fields are much more, arbitrary_ in .
nature, and _are certainly not mutuaily exclusive, either as to area.
or as to field‘ for example: probability thapry, listed under statistics,Q
could also be assigned to pure mathematics; applied analysis,.listed under, °
applied- mathematics, exists also as a form of :pure mathematics in some
universities; and computer science Q;t:;eincludes a good aeal of numerical
‘analysis. Even more troublelome from point of view of an assessment, .
is ‘the mathemati®al component in other departments or faculties. Examples
are applied mathématics in the areas of ‘physies, chemistry, engineering, -
and economics, and statistics in a host of other departments.

2
<’

It is important to note that ‘some fields thar may ‘be classed as
mathematics are nat explicitly identified in Table I. Examples are .
actuarial science business mathematics and accountancy, and operations,’ .
research. Such fields could of course be listed as 'other' in Table I..*

"ACAP decided to appoint eight advisors, and assign two to each
area (eee terms of reference, Appendix I). Jhe advisors. chosen were:

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

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

- “

- . ’

A

(3) Statistics: R. Brillinger
-H. Kruskal

(4) .Cofputer Science: E. fopcroft
\ o o . . M. Kennedy

S

In additibnm, ACAP! appointed ‘three consultantsx two oé';hom were to be
. mathematicians.' Those chosen were: . i Co

M ; -~ R » . . P

G. Pirkhoff
D. R. Cox

| ‘ ,
N A. H. Morrish ,

N

Ot P-’

N .‘ The mathematical #cience departments of the Ontario universities

. curriculum vitae Qf the faculty members a8 per instruction €6 of Appendix I.
"In addition, and of major impprtance, each university supplied a state-
ment_o? future plans, in detall for the peritd 1975-80, and in outline for
1980-85 (see clause C7). Each university, president also issued a statement
concerning the university's plans f@r graduate work in the mathematical

-
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# TABLE 1

MATHEMATICAL SCIENCES IN ONTARIO

[] A

AREAS AND FIELDS OF MASTER'S AND DOCTORAL WORK

(determined by‘ACAP +in consultation with-the d%scipline groué)

!!"
.
0

1, Pure Mathematics

Logic and Foundation
Number Theory and, Algebra
Topology and Geometry ’
Discrete Mathematics

Real and -Complex Artalysis .
Functionél Analysis a : "
Other (Please Sbe61fy) . .. )
Unspecialized -~

»

2. Applied Mathematigs

" Classical Appli thematics & . o . \
Mathematical Physic¢s .
Modern Applied Mathematics C
Aphied Aralysis ‘

Other (Please SpeciéyX -
- Unspecialized _ .
- L s * ) o N
3.- Statistics

¢ —

Mathematical« Statistics
Applied Statistics
Probqbility Theory - . . .-
<. »Applied Probability .
°  Other (Please Specify)
Unspecialized S

. . ¥ - s
.
<

4, Coqpufer Science

- MathemﬁticaL Software
Programming Languages .
Software Systems , |

. 'Thegry of Computatfon )
Data ‘Management . R
Artificial Intelligence © % Lo

. Computer Architectuge ] o .

Other, including applicatidns (Please spaoify)

’

Unspecialized . - . /

* -
i L4
s
~
. ' \
9
-t
4
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sciences: (see M ayse C8) Copies of this material, which cbnsisted of
« several hundred pages, were given bo &he advisors and consultant?
a . . - -
- .« . » Eleven Ontario unlversitiES offer graﬁuate programmes in ,

mathematics. The areds and degrees offered (doctoral and/or master's)
are listed in Table II It éhoulﬂ be noted that some programmes are
proposed for the future, and’ are; iﬁ various stages of preparation at
this tinw., - 5 ) . -

- \
. Z

1‘ Duflng the pelriod June to Sgptember, 1975, some or-all pf the

’ adiﬁsors ahd conswultant$ visited these univer51t1es, as appropriate for

» the areas and.degrees offered. -These visits were very informative, and
significantly suppleménted.the written data available. It is a pleasure
to thank the members be universities for their cooperatiom-and many
cogrtasies during the-~ urse of the v1sIt& by the adgisors and. consultants

1Y

om .

v

R ' The reporﬁing duties of the advisors are listed.under section E-
‘ in the terms of refetence (Appendix I). In brief, the advisoPs were to
submit” an aréa report for each university,/ff appropriate, and to discuss
‘ the subjects listed in ‘clause E2. After iscussions between the advisors

-
"and the consultants, it was decided that ejch indi®Cdual & ivers¥cy = .
report should 1nclude a general section that was COmmon o all reports _
for a given grea. TheésSe reports were completed during the autumn of 1975 .
and submitted to ACAP. Each report was -sent t& the university concerned. ” ’
- The universities, in turnm, prepared comments,,sometlmes including - " -

rebuttals, on the contents of the advisors' reports. These comments~were
forwarded to the caonsultants ‘try ACAP about the middle of December, 1975.
The consultants’ obtalned 1nformally the weaction of the advisors to the
comments by the universities. ’ '

Although exchanges of views between the advisors and consultants \
oocurred during the preparation of the advisors' reports, it was inevitable
that the differences in viewpoints would léad to a dispersion in treatment. =~ -
Further, the nature of the reports for different universities elicited T
varying degrees of acceptance or rejection from the universities concerned.

The consultants have?felt it ‘wase their task to develop some greafer degree .

of consistency betyeen the area reports, and,.to render judgements on

some contr0versia11matters. The advisors' reports together with the ° ®
universities' regponses have formed the major bagse for the present report,
However, it should bt made clear that the consultants take full responsibility
for any and all ce@plusions and recommendations in this report. The specific
terms of reference for the con5ultants report are listed in section F .

) ' (Appendix I). The redt of this report will develop the analysis' required .~
by, clause' F2. ]

iy

-‘ii' : 3. ‘Scope of éhﬁ:mathemafieg; sciences in- Ontario universities
. ) . B :t?_f% = il ] - - -

. “The range of fields in mathematics covered to some extent .

by graduate-prggrammes in the Ontario universities has already been- )

indicated bygthe “ACAP classification in’ Table I. ' Inextricably bound
+ . -

-r s
B

st

. . 1Y ) ' v




(a doctoral programme implies there is also:

TABLE 11

ve

MATHEMATICAL SCIENCES IN ONTARIO (1974-75)

-

A

o

GRADUATE PROGRAMMES BY UNIVERSITY-

. .

(

a'master's programme in an area)

3

-

£ N o
. 7 _ B - . ‘ . Computer
University Pure Agélied_ Statistics Science
e Carléton RpD PhD PhD PhD*
M—,’ MSc . MSc MSe- »
- T =3 ; - ‘f
Lakehead MA/MSc . . . preposed MSc
McMastér PhD " = MSc MSc
Ottawa PhD . i *‘PhD - PhD _proposed MSc
: ¢ e - « .
Queen's PhD PhD "PhD MSc .
. =
- oronto PhD PhD PhD, PhD
) 4%
Waterloo PhD" PhD PhD PhD
Western ‘PhD . PhD PhD MSc
Windsor PhD PhD ° PhD N |
York MA** i MA** ’ proposed‘MSd

r

L3

* . - . :
Given by the Department of Systems Engineering. A new interdepartmenital
MSc programme in Information and Systems Science (Departments of Mathe-
matics and Systems Engineering) has been favourably appraised.
- ’ v
[ \

R L. .. . . . .o e

*k .
The MA at York is unspecialized. : ¢

~

. -
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) Table IIIb. Over this time scale, the grow

]
[
.
» -

to* this topic is~the size and dispefbution of the mathematics faculty.
Although a detailed discussfon will be, presented 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 dlstribution 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

as been slow. '

[ " * .

Cos A breakdown between fields.is availabLe. We have felt that
sugh a d ribution is of less value, partly because many mathematicians °
divide thdTIr time between more than one field, and because the situation
is’ not and should not be static.” Also, meantngful 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 IT and III on fields where over or under supply exists
to the ektent that the matter,is important.
- 7 -

+ In section I-2, mention.was made that some fields are covered

a»fn»tehef~tha%;mathemat1cs deparﬁments We did have ‘the opportunity to

meet with some staff in other cognate departments, but not systematically
-and the amount of information obtained was at begt fragmentary. We
therefore generally excludé ar 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.
.- Statistical data on qualﬁty are difficult to.éenerate, primarily
because of the laék of a suitgble scale of measurement. It is useful-
to consider peripheral but related data. Figure I shows the®age distri-
butions for the faculty; Table IV gives the same dagta by area. The faculty
nds to be young, with a large preponderance in the 30-45 age group.
This distribution is not resﬁricted to the mathematical sciences’ a

s

similar one is to be found f6r almost all departments in all North American

universities. It is the result of the large expansion in post-secondary
education that occurred starting in about 1955 and increased further

just ‘after Sputnik. Such an:expansion had never occurred before in the
history of tWese universities, and further, there is no possibility that
it can recur jn the next two or three gdecadgs at least. Tiis age dissri-
bution will therefore have profound implications for the universities for
a' long time to come. There will beva lack of new appointments, and
difficulties will be incurred in the development of new fields.

Figure I1 indicates the number of faculty publishing in refereed

journals. (1972-1975). Clearly, the faculty is respectably active at all ages.
“The average and total,NRC graht funds awarded by imstitution are displayed

in Figure III. We have, madé, some ‘independent comparisons and find that "~
the size of the NRC grant does _correlate well with our judgement of the

. . quality of the research of the‘grantee.

4

"In 1974, the population of Ontario was*8.03 million compared
qﬂ) 22. 31 million for Canada that }s, 36é’of the total. The Ontario

be >
~ .

v

W
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TABLE IIla
L ,
" MATHEMATICAL SCIENCES IN ONTARIO (1974-75Y

NUMBERS OF FULL-TIME FACULTY ACTIVE IN GRADUATE PROGRAMMES BY ARFA* "~

’ ——
¢ »
1970-71 1971-72 1972-73 1973-74 1974-75
Pure . #230 242 253 263 2644/[
-+  Applied 130 T 130 134 142 159
ﬂ .
Statistics 63 TN 83 ) 85 85
Computer Science 94/ 107 . 109 118 131

* . .
Any ‘individual working in more than one area is counted more than once.

-

. ' .. TABLE IIIb
———

MATHEMATICAL SCIENCES IN ONTARIO (1974-75)

NUMBERS OF FACULTY BY RANK (STATISTICS CANADA)*

P

) . . o
g 1971-72 1972-73 1973-74 - 1974-75
L | .

Full Professors . 147 159 156 165
Assoclate Professors 192 201 237 B 240

‘ 3 -
Assistant Profeséors 234 240 .. 216 216
Total 573 600 609

. .
-All Optario universities.

621

¥ - -
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FIGURE 1. . .
MATHEMATICAL SCIENCES/IN ONTARIO (1974-75)
.‘ AGE DISTRIBUTION OF FACULTY A€TIVE Il‘\f‘EGRADUATE PROGRAMMES - ALL AREAS .
- (as of December 31, 1975 - no double counting) .
- . P \\’/\
< .
* - :
» y ”/
Carleton .
160 . - Gue Iph . - ‘.
. ) 4 " Lgkehead . .
. ——— -
: : . * McMaster T A S
150 | ! o
' . P i . Ottawa - ) -
. i . Queen's .
] .
- .MO ‘: . i - - . Toronto -¢ .
) - Waterloo Te
130 l L. . . Western ' : -
' . . ’ ° Windsor N . !
. 120 - B . York ) = o .
: $ , ! , R
110, I
) L?_': . ’, -
—\ ) 8 100 - S . . "
< . -
= Ed i
5 o0 . v
(/, (S 5 ! . ) .
g 80 ‘ .
. 70 . .
. » K
e -~ ! - . . L J
60 1. ; .
» - -
P | :
« . 50" ! L . Q ¢
Y, . /v , » i
40 i ' b .
\ f T 30 . \\-’( . »
¥ ] 1Y A
20
‘ >
, ' 10 -
e ] ] .
e ! —¥ - - f
, , R A < )
- g NV 4 g HoS A
A - ' AGE OF FACULTY -+ C .o
\4 4 *

ERIC . | e by




.
b4

.

3 . / - e,
. A-10 '
\
\
4 B .
- ~ ‘TABLE IV »
AGE DISTRIBUTION OF FACULTY ACTIVE IN GRADUATE PROGRAMMES BY A* '
T . , (as bF December 31, 1975)" : -
» - ) .o i
' - -
AGE - o < o < / o < Ton <. +°
. 1 ! R | i I [ - Total
o« . [Tg] (=] [T O Tal (] [Tg] o wy
AREA o~ . o o LS 2 T T2 [Tal [Ye) Ye)
- ] ] rzlf\_* .
PURE S 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 37 1 105

COMPUTER SCIENCE - 10 42 36 20 15 10 1 134

S ‘

TOTAL ¢ . 26 153 184 109 80 . 46 19 13 4 634
L] . - ‘q':;-!—_ _71 _ i} . \ .
. . . \ ‘

e - +
e

Larleton, Guelgh, Lakehead, McMaster\ Ottawa, Queen g, Toronto, Waterloo,
Western Ontario, Windsor’ and York. =
Any individual working in- more than one area is countqg more than once.

‘
L]
-~ °* .
¥ < B
® ] .
]
.
- -
. . »
3
. -
‘ J o
A = ’
N b\) A
- N * «




NUMBER OF FACULTY -»

FACULTY PUBLISHI.NG RECORD IN REFERERD JOURNALS
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universihties had 40% of the total faculty (all subjects) in Canada for -
‘@1971. The corresponding figure for the mathematical sciences was not
available, but it~ appears that' it. exceeded 40%. These statistics should
not_be a surprise since Ontario: is one of the oldest and most highly
. industrialized of the provinces, and has“a long tradition in education.
In our gpinion, the breadth of activity and quality in the mathematical .
sciences in Ontgrio is superior to that™n any other province of Canada.

A -

o It 'should be kept in mind that these statements do not imply
a uniform, distribution in mathematical talent over the Ontario un1versities,
and indeed it is -just the reverse; 'this'is 4 subject for discussion in
Chaptews II and III. ° Nevertheless, it is appropriate to stdte now that

-*ip many of the fields and each of the areas at least one Odtario university
.1s to be ratéd in the top two or three in Canada (see clause E2g, Appendix I).
Such “a rating is not' necessarily too significant, $ince, for exahple,
there are on1§ about four or five universities in Canada that currently

. offer a PhD in computer science.

In most fields, the level of mathematical research in any*Ontario
universiby does not r in the 'same class as the small number of best
certtres in the world,. An exception is computer science at the University
of Toronto which rafes in‘ the first half-dozen in North America. Even
here, there are two,caveatS' (1) many US universities do not offer a
PhP in computer science, and, (2) many,. if not most, of the 1eadimg
participants in this area do not hold un1versity appointments, they wotrk
in the US computer corporatlons, ‘which, as a group, are: -the world leaders.

Another exception is the presence of a numbe? %t individuals
with international reputations, some of _whom are among the world leaders -
" in at least some speQial field. We hope}h.ecséate no ill wilI’hy men- e
‘tioning classical geometry, foundations - of statistical inference, com-

* binatorics, and some aspects of algebra.

. ’

We turn now to conslder the scope of coverage. Most fields
of mathematics are covered to a4 reagonably complete degree in somg Ontario

. university or other. There are some areas that are not, including

-
=

girobabillty, algebraic geometry, artificial intelligence, computer graphics,
odelting of plasmas; solid, mechanics, and- control ;heory;'they will be ..

discussed in greater detail in Chapters II and 11l. . -
. ; L=
A more difficult question concerns coverage of topics in fields
that are not fashienable and have 1itt1e relevance at this time. Even
in subjects as important as maséhematicg physics and functional analysis
there is some danger of excessive emphagis on aspects currently outside
the main stream of ‘development. Of course, excellence in such fields -

can always be defended. - *

4
[
-
.
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. 4, Role of. the master#s and

doctoral pf% rammes w . .

areas and fields of search in the’ mathematical sctences at eleven Ontario
~ universities. The ssessment of research as guch is not on® of our tasks.
' However, it goes a%%ost withoyt saying that the basis for any strong..J
graduate programme;
. of the faculty. Wk feel wvery stfoneg that

L

e converse does not follqw
. At sev 4’31 of the universities it was argued that‘a graduate °
programme was esgential for the existence of a healthy research activity.
We do agree that the presences aduate students can addusti
qu even excitement to the atmosphere, can increase the wolume -of--resea¥ch,
’ and can provide the opportunity to keep up to date through the mechani
" -+ ofteaching- graduate courses and through discussions with students, Ho
evEr we do not believe' that research should be viewed as ‘the outgiowth
. of a graduate programme; instead graduate programmes shoudlds develop as the
natural consequence of the faculty ¢ research. There ig no excuse for
. _the faculty’hot engaging in research ju¢t because no graduate students .
are enrolled, especially/npt in the mathematical sciences. :

. alhree pos31ble paths to the master's degree in mathematical
science exist at_one or ‘another of the Ontario universities. One requires .
only successful'completion of a number of fofmaf lectuJe or reading
courses, a Second: involves courses plus a project paper, and the third,
courses plus™a the¥is. The difference between a project paper and a

. -thesis'is ig.the-amount of time required, the depth of coverage, and .
" the originalipy. The master"s .programme has varioug purposes. It may
Jbe deliberazel® termigal in mnature, and provide further tfaining. beyond
the baecalaureage in depth amnd breadth.
whereby studepts get training in fields o dthematics that will aid them
to gain employment' for example, comput ience and statistics. For ’
some,students, deficiencies can bé made For others, the master's
actg as a festing ground er further work, a device that is ugeful both
to the student and to tHe univeraity For a very few students, with
cldarly identified ability .and a strong undergraduate background in

e mathematics, the master's programme probably serves little purpose;

‘direct entry to the-doctoral programme is advisable. In any event,

.t advisors and consultants are pleased that most departments agree °

.

Sometimes it 'is A mechanism P

&

’ : Some remar?éhave beer made #n the two previous sections on- the )
e

ust be the research abi itdes, interests, and_ activitiesf

tflat fulletime study for the master's degree should not normallygdceed ,

. ; elve months for well qualified students. LS , - :
l‘ 0 ~ o 2 e

) chae It seems “universally acknowledged thab the essential purpose .

f the PhD is to provide training in research
ion the best .methdds to achiewve t goal.

.There is less agreément

However, clearly the thesis

’is the major copponent; -normally

hps

at least part should be published in: ' %

.a jou:nal with recognized standards.

‘Usually the PhD also requires course °

’

L2

w rhﬂhalthough this should not“alwdys be' obligatory.” In many US and
UK universities, students with gdbd;ireparation often také no courses . .
. formally, although they may audit some legtur@ and be Jnvolved in .ot ‘
.. . seminars. . .




- ¢ ’ - ¢ / |
r 3 '//i‘ Some kind of qualifying examination must ba used\tq,see that' = . K
a studént has reached a reasonable level of knowledge and underéfandlng .
of Some ‘basic fields of mathematics. It is possible to become aver - ‘.
: specialized in mathematits these ddys. 1In'the present world sftuation,’ > 4
it is important that a doctoral student have as wide a range of’ knowledge 4
1n several fieldslgf mathematics as is consistent with time limitations.
- T . The mechanism whereby a student gets led into a* research progect
dEpends on many factdfs, including the personalities involved. However,
Ot it is very helpful if the beginning graduage student intergets with at
least competent and if possible ‘outstanding mature\iathematicians; as well

4s with eager fellow graduate students and post-docforal fellows in - -
various stagés of ,development. The time required for the doctoral‘degree ) ; »
should not exceed three or foar years of full-time study beyond the . A
. baccalaureate under normal circumgtances. In exceptional circumstances, ‘
’ .five years nay be pdrmissible, but more than five years should not be *

E
.

ant elementw of tHis report toncerns the graduate ) «
One of the more significant’ aspects of, the visita— ’
tions by the isors)and the consultants to the Ontario uriversities
\ has been &he in ews with some of the graduate students in the & .
mathematical sciences. Impressions, p#¥haps transitory and ,sometimes -
even i faccumte, were gained of the morale, enthusiasm, air of stimulatien,
and lével of traiddng prevailing in a given department. .Inevitably, - -
_ same, these feelings have found translatlon into various parts of
the text of this repogt. . - \
. . - . M o
-, ’ " The total numbers of students ,in master's and doctoral prog;ammeS'
e in 1974-75 are plotted by university in Flgure IVb. In addition, the .
total faculty and number of course registrations, both undergraduate and -\
A graduate, ‘aré given in Figg\: IVa to assist in normalization. The numbers'of
master's and doctoral degreé granted in the past five years are also tabulated.
. All greas were combined to form this diagram. Data for Ontario, Canada, the LT
US arld Great Britain are 11sted for comparison purposes in- Table V. . ,' ,
: J: : K
) A few aspects of the data in Figure IV and Table V shouldsbe o -
{ notegd. The number of PhDs genér%ted 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 { '

students the

0% of the graduate degrees .
- &in Canada for 1970-74; it has enxolled more than half the octoral .
- students, Bug .only 387% of “the master's gtudents. It was Hentioned in e,
section I-3 that Ontariohad about 35% of Canada's p0pulation., Even . £
allowigg for dropouts and part-time students, the figures ‘from Figure v~ A
- imply that the time taken to obtain either a master's or a doctoyal
o degree is longer than thaf we recommemded (section I-4). . ) ~

~

<,
-
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TABLE V . - v . K
. . - \ - )
C ) »  MATHEMATICAL SCIENCES. (APPROXIMATELY 1974) o o,

N COMPARATIVE FIGURES® FOR ONTARIO, CANADA, US AND UK - .

L

i . . . ] ' o i .
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. - . . -
R - - L . R -
N 4

“ . . X N .

! . -
. o - . N : 2

,

- ] N - ‘.; ¢ et
B . ) : - . . A . Y
", 3 : ONTARIO = CANADA u$ UKL
i . s .o, v . T
* N T — A
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R L I ' - v oo . o :
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. - - , - . e . - . : ’
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The numbers of Canadian and of foreign PhD graduates in .
each area afe given.Ry university in Figure V. Some students with landed
‘ﬂimmigragt visas undgubtedly-had reasons fof being 1in Canada other than

* to enrol in graduate' programmes in.mathematics. However, it is probably

d

ole
-

v

[y

safe to assume that the great majority came as the result of offer
from Ontario universities. The‘mni is variable, but at the doctoral
level there are as many or more from foxgign countries as, from Canada.
The Canadians dominate at the master's level, which is not surprising.
It appears that this pattern’is similar to ‘that for other disciplihes'
in Ontario and in Canada as a whole The " large- component of the graduate®,
student body from outside Canada has few pa;allels . . \ 4
The preparation and thefquality of the graduate student , body
is less easy ta!iValuate Generall; wethave received the impress1on
" thak the entrance requirements for Ioreign or Canadian .students are
respectable. We were pleased to find that. the graduate dean's office =’
in some univen51t1es exercised considerable cdbntrol on adm1ssions
Although we do°not believe in arbitrariness, such controlxcan dampen (
departmental excesses which may from time to: tbe appear.

-

Y . - v

One measuré of quality may be the percentage of students who
hold NRC fellowships. This. information is displayed.in Figure VI.'
Regent NRC regulatidns governing the award. of feilowships will make it
more sdifficult for a forei ftudent, even one with a’ landed 1mmigrant .
viza, to win a fellowship,” at least for more than 4 two year pérlod s
Thérefpre, this quality factor will be biaged in favzr of those . 4} -
departments with the largest Canadian enrolments. MNevertheless, we |
belileve Figure Vi to'be significant and interesting. s

Is there a critical minimum s1ze for a graduate programmﬁ//
in mathematical science? The interaction with other students can be
as lmportant as *that with the fac'lty. However|, thé numbers needed .
are probably not Mgrge. When there are fifty graduate students around,
close communicatibns are not usually within groups of more than five -
to tep fellow students. :We feel that a gradﬁate,programme can be success-
Cful ith as few as five scudents enrolled. 1Indeed, a friendly atmosphere
" and fee11ng of belong1ng may be generated which may be absent in a -
larger graduate school. ‘Enrolments under five must create difficulties,
if only in-the offering of a reasonable selection of graduate courses.,
Eyven here, however, we do not féel we should take an unequipocal position.
PC?Sonaiities-vary, somé individuals.seem to be unable to work other than
in complete isolation. Some late bloomers, but with greaf ultimate
potential, may flourish bdst in_.a very small graduate school (see also
section III-3)". -

' »
‘. —

;

6. Employment oppgrtunities and limitations on/enrolments

, .
*" A major factot determining the maximum number of graduate students
efirolled must be the employment prospectSs- From Table IV, it is' clear

e - e
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that there will be few retirements in the mathematical sciences for .
1975 80, and not many more for 1980+85, even if early retirement schemes
are introduced Some faculty will resign ejither to acceépt positions '
outside Ontario, or to accept non—upiversity jobs (most likely for
_ statisticians and computer scientists) or for medical reasons: Mobility

between universities in'the mathematical sciences is low at the present

' time, and may even decrease in the next decade, so that attrition of
ﬂhis sort is not likely to be great

Whether or not new positions are created will depend primarily

orr the overall student enrolment. :Some pertinent data on this matter

are given in Appendix III of the cou Report on Physics and Astronomy. o

The projected population of the 18-24 age group will still rise’for

1975-80, but will peak at about 1982 and thereafter decrease. The only

factors that could change these predictions are massive immigration or

the positive side. and some catastrbphe on the negative side. The fractiom

of this age group that will enter a univers1ty depends on sex and geography,
. but for Canada in 1974 it averaged about 11%Z. It is unclear what fraction

of these students will elect\undeﬂgraduate programmes in the mathematical

sciences, but we feel it is reasonable to expect that this discipline ~ -

will hold its own.  Therefore, theére will probably be some small growth

in the faculty size during 1975-80; certainly ¥e found, in our travels,

that some new positions had been created for .1976. ’

s In view of all these faétors; it is difficult-to see how
. there could be more than fifty ap901ntments for 1975-80, or an average
of ten per year, in the Ontario uhiversities. Prospects are udnlikely
«  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. .
4 < -
There are of course opportunities for employment outside the

Onptario universitiés, especially‘fox statisticians and- computer 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’ copputing, and at some point in the foreseeable future

will become saturéted A steady; state appears to exist for statistics

— Present trends in “Canady will probably lead to an increase'in the oppor-

- tunities for statisticiany with the government. Some applied mathemati-
cians, such as thgse in mddern applied mathematics, will find employment,
particularly with the gov rnment. &Pure mathematicians are likely to’'be
the least in demand, but/even they may be vaillibly employed if they will
broaden their knowledgairhrough_reeducation, eiﬁ&g? formally or by Self ¥
‘study ’ - ad - -

. TRy . =
. 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 report,. ,However, it is‘clear that emponment opportunities still °a

'occur, sodetimes outside of ‘Ontario and even Canada. 0f course, many jobsvd&M;
in-Ontario are’filled by: candidates from other provinces and other countries.

»
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Many of the present mathemptics faculty in Ontafio unlversitles have come
from outside Canada. On balance, it appears that Ontario haq supplied

more of the trained mathematicians for the rest of Canada thdn

it has received in return. This may pe less true in the futyre.

It 1s pertinent tc consider t.e aurbors of mitheraficians
educated in the United States. 1In 1972-73, 1,34C FhD:¢ were graduated
for =l1 areas combined (sourct: XNational Ceuter ¥or Educa

The numbet of -PhDs projetted for 1979 is 120C.. gtver in t

s imost’ highly

developed society,
(G, S. Young. CBMS MNevs.ietter). :
find suitable jobs is probably about 1000 PhDs.

that will
However, such prejecticns

are subject te large wncertainties.
and the US Bureau of Labor, both oryanizations with substantﬁal resources
for such studies, disagree 31gn1gicant1y in the1rupred1ctions of the
supply and demand for PhDs. A summary of the findings of these two
agencies is given in Table VI. Neverthcless, it is important to stress
that both redict that there will be a substantial surplus of PhDs in
mathematlcs in 1985, - L *

Scaling down on the basis of populatlon only, the 1000 figure
for,1979 becomes 38 PhDs per year for Ontario and 107 PhDs ; year
for Canada as a whole. When due condideration is given to cur earlier -
comments, we feel that a production rate cf 50 PhDs per: yeaﬁ for Ontario
would lead to unemployment problems; a figure of 40 PhDs per year would
e more realistic for 1975-80.

L ~ . . .

How should the 40 PhDs be distributed Quer the different areas?
Probably about-10 per area is a defensible, choice. Although there may
not be 10 openings per year for pure mathematic1ans, this grea is so
great{ in scope‘that in grder to provide the spectra in training over
the varidus 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 subjects., 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
meghanics by ehgineering departments. Ten PhDs per yeatr 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 gradusdtes could find
employment now; however, many of these jobs could also be filled with
master's graduates, Further, by 1980 the demand for PhDs in this area
may have stabilized to 10 or less. =~ -

We .now consider the humbers of master's graduates per year.

Some of these graduates will fill jobs that make less use of their training.
’Examples might be in accountancy aspetts of business, angd in assisting

economists who lack mathematical training with modelling and statistical
andlysis. We feel that if the baccalaureate in mathematics can be
accepted as worthwhile by the. taxpayer, then an extra year \to ‘obtain

Lgh \ .

‘A< €

ion Statistics).

many of ‘these- graduates will not find suitable péeitiens
An upper limit to the ntwte;

For 198%, the National §c‘erce I'euncation
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L 4

COMPARISONS BY THE, NATIONAL SCIENCE FOUNDATION AND THE BUREAU OF LABOR STATISTiCS'

N ¥

~

. ' \\{?F‘ENPLOYMENT PROSPECTS FOR PhDs IN THE US FOR 1985 C

— ,; . P

Number of PhDs : e
i - . < )
. @ National Science Foundation ’ Bureau of Labor Statistics '
Field _ . : ol .
) : . Percent . N - Percent
' Supply Demand Surplus’ Surplus - Suppf’» Demand Surplus Surplus
N 3 .
haﬁ‘ - ] ) LT
Physical sciences 85,200 76,000 ) 9,200 10.8 .- . 118,700 . 91,700 - 27,000 22.7 .
Engineeéing' 63,300 45,000 18,300 2@.9 . 80,100 59,100 21,000 ~26.2
Mathematics 21,600 16,000 5,600 25.9° 31,400 19,800 ) 11,600, 36.9
Life sciences 92,100 85,000 7,100 7.7 137,700 73,100 . 64,600 46.9
\ . Social sciences 112,700 71,000 41,700 37:0 153,700 87,100 66,600 43.3
Source: Science, 191, 363 (1976). . PR
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However, we refer the reader to section 1
o

* outside Canad%™ will decrease.

s A=25 -
. * L ’ H ! . [}
. - . - » B
the master's degree will pnot rock™@Wyboats. We therefore believe that
no limitations should be placed on the number of master’s candidates’
other than the supply and interegt of suit bly qualified students. .
for important"?rovisos.',
How is the recent rate of production of PhDs, about 70 per
year, to be reconciled with our retommended figure of about 40 per year?
There are signs:from the enrolment numbers that a decIine is developing.
Changes in Canada's immigration policies, together with restrictions in
the awarding of NRC grants will ensure that the number of studepts from
Publicity on the lack of jobs, must have *
reached the students' ears by now, and will undoubtedly show up in’
detreased enrolment by, Canadians. These factors, coupled with high
admission reguf;ements, will probably bripg the numbers 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

ones will not survive in the new climate.

A

,offered in Ontario atwthé present, and that séme of the marglnalé\\iable

b

Recommendatiorr 1°

.

"We recommend\that' f , -
+ 1), thé enrolment statlstics ‘be regularly monitored by the
discipline group in *he mathematical sciencesj and if -
. excessive fluctuat;ons eithef up or down, occur that
remedial, action be inltiated . - '
ii) the number of PhDs-in mathematical ‘sciences awarded ’
* by the Ontario universities total about 40 per year,
. with about lO frem each.of the four ameas; .
1ii). that the figumes given in 11) be reconsidered for AN
possible modification at regular intervals in the . N
T “future. . .
‘ ’ * .
. v o v D .
t. ‘ ' ' 1) \
7. Other rematks Y .

4

’

a
At' virtually eveﬁy university we visited, we were told ¢f

- -

QTA o - RN N

financial constralnts, real or about to become so, and projections for %4
the fature concerning govgfnment grants that were at least discouraging. "«

" We heard that overcrpwdin
-no6t be bEgun, and tHat ‘weak fields ceuld not be shored up with new

could not be relieved, that new fields .coul

appointments.

Althbugh fioney may not have beln the sole cause, we lea ned

of ‘'some faculty discontént and mistrust, both with the central admini-1 .,

stration, and within ﬂepartments. L

«

N If these financial constraints-develop further,-there may
be a tendeécy to retreat.into an Ontario isolation.

any attempt to.set up a closed .Ontario system..

s

In the long run, we

We would deplore

-

b

believe®this course..of action would.be a disaster for Ontario. As
we stated earlier,-the mathematical sciencgs in Ontario have not reachkd

N

“

\L/ 7/




\\a first-rank'position in the world, although there are several very'able

and"a few outstanding individuals? To aid further development, jt is;’ '+

essential that contact outside Ontario be maintained, and p&rhaps eveng

strengthened. e : .

We were.impressed by the special seminarﬁays, symuer Schools
and the vigiting professor programmes that some departments have and by
the Canadian»Mathematical Congress. We encourage the retemtion of

. sabbatical and other leaves to world centres. We urge that priority
be given for the funding of travel to gonferences and for consultatioms.
“These activities would help to compensate for the lack of newepositions
and new buildings.
o By the same token, we believe that ‘the admission of sohe
fstudents from outside Ontario and from outside Canada will provide a
form of contact with the outgide world that will also add to the develop-
mert of mathematics' in Ontario. However, the numbers of foreign students.
should be relatively small, say up to 20 or 2b% of the total. To.@chieve
themgoal we have in mind, these students should come from a variety
countrLes and should, have some reasonable preparation and promise §
] research in mathematics. We have observed thdt some departments ha
the majority of their students from one part’of the world, usually Asia.
Some of these students areyin their middle or late twenties on admittance,
"We believe that programmes based on this sqrt of enrolment are not viable,
and we Hope that a tightening of immigration and trance requirements '
with due attention to age will ensure that either these programmes die,
or else become populated with a different mix of students. J/
. I'd .
. The universities i Ontario were set up as autonomobus entities
before thé creation of the Cduncil of Ontfario Universities. The reasons
. are not easily discernable to us; there are, however, obvious advantages
to this arrangement. First of all, the needs of specific regions of the
province can be met easily, and the ‘benefits offered by the siting of a
university are decentralized, Secondlyu competition is possible that may.
lead to the attainment of high 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 be convincingly argued that the creation of
several indgpendent institutions is by far the best route to follow.

N . Tne pattern in Ontario has largely been duplicated in the /
rest, of the Canadian provinces. Some institutions that were nurtlired £pr
a time by older, well established\univer31ties have ultimately aghiieved
independence;’ examples are to be found in Alberta,'%:skatchewané§and
Manitobg. Only in Quebec is there a multicampus Unt®ersité &I@ﬁmbec,
and even ;thie system competes with several other provincially supported
universities, both franco~ and.anglophone. The situation is quite dif-
«ﬁerent in many highly populated states in the US, There, one state
university often has many campuses; examples are California, New York
and Minnesota., Tﬁére still: exist several important iridependent universities,
typically with private funding Some are. tending to be absotbed into

¥ L3
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‘.“ state sy/stems examples are Syracuse and Buffalo.’ The state systenm has
. .some kind ofycentral authority, perhaps a combag -board. Although such
’ systems may lead to h lack'of com etition, some arbifraripess, and even .
' some sterili‘tf, they can in prin&e at least .rationalze, the offerings
v .and -arxange fpr the total needs of overall "ob ptives.,:.‘q ‘g N
S > s : -
: ‘f In the preseht tlimate, it ‘'seems that cooperation between ~
- - universities inr Ontario must be fostered. Some #pecific suggestions
AU “on way ) achieve meafyngful collabol:amon in the matﬂematical .sciences
Me madein _gection 2. . LA
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" CHAPTER II

AREA REPORTS

)

1. General tntroduction
. ‘. \ .

In preparing the fQur. area reports presented in'this chapter, ™
we have relied heavily n-.the eonfidential reports submitted by, the ACAP
advisors ta the 1nal‘é al universities whose graddate programmes were
reviewed. h wé an advlsors also ‘examined the factual:information
supplied to us by ACAP before and during our visits to individual umiyer-
sities. However, the, volume of the data presented to us was far too great
¥or extensive analysis. Moreover, we found it hard to interpret the -
fractional ass1gnments rand”multiple ass1gnments o® individuals to areas
afd” subareas, even - after v181t1ng universities.

-

R » . N .
s Therefore we have had to rel;‘;n our own impressiong»to a con-
siderable extent, gained in the gourse of reading and takIng notes on ,.
published Tesearch, on discussions with faculty and- é}aduate stydents,
,and on an.alreadfp’ existing famMiarity With the research and scientific
reputéflon of th@ faculty’ concerned R

i » By - N . . -

In our 1ntroduct!bns to the four area reports, we have also’
relied od the préambles of *the adV1sors\\but‘?ave freely expressed our
‘own views, as wéfl as modifying and: reorganizing the preambles of the
adWrs when we felt this contributed s1gn1ficantly to clarlty oTr to

co stency betwéen the different areas.

.

L " We havg also tried ‘to correlate thé area reports with the-ideas )

(And .recommendations presented-in Chapter I, at the risk of some repetitionm..
Finally, we have considered wi* especial care the reseonses of the uplver-
sit1es to-the advisors' reports. . -

s .9 A . N .
2, - Gfouping of” univers1ties
- 2 L P
- ! The ‘bulk. 8f this chapter will cdhsist of our asﬁessments of the
gradjate programn@s of individual, ﬁniversities in fhe four ACAP-specified;

‘aré Within each area, we arrangea our reports on individual universities
into four sets, set A beingPthe two universities weth large departments,
set B being the olde? universities of eastern Outafio, set.C the older S

,universities of western Ontario and set D formed of‘thr_eevgewer universities:

. »
.’ a ) N

k)

.®* ' A) Toronto, Waterlae:
“F  “B) . C¥leton, Ottawa, Queen's
C» McMaster, Western, Windsor‘ .
D) Guelph, Lakehead, -York '
- v = -~

5y
-




3.

Some basic -observatibns

Before making dhr‘foar indiyidual area reports, we also wish to

restate briefly at the risk of repetition some general observationg that
seem to us to apply to most of these areds. ‘

Ty

/

3.

» i
Over the past 25 years, there has ‘been- a very large ‘increase 1q the
number of Ontario faculty members active in mathematical research. #

This is beneflclal in many ways, in partlcular because it has made
study,  abroad a far less necessary part of the preparation for' a
~ Ruccessful academlc career (but see paragraph #12). :

\ i

* Ifdeed, Ontario universities now have a capacity fpr train1ng many
. more graduate ‘studénts than are likely to find jobs in Canada for which

wthis tra1n1ng is suitable. - T

Hence we urge that the emphasis of gtaduate instruction and research
be on increasing quality and relevance; the guantitz should remain
constant or be allowed to «decrease.

-

Speclflcally, barrlng unforeseeabls future develdpments, weéauegtion
the wisdom of producing more than%abéut,lQ new PhDs annually in each

of the four areas in. question; except in computer science, in- which .

only Toronto and Waterloo have PhD programmes, thi&#ans that some
existing PhD programmes will not even praduce one- Ph penuxear. T

Actually, tbls seems consistent with Curfent enrolment trends for
Canadian graduate stuaents, but it is far Jbelow the combined ambitions
of all present Pntario faculty members #and gniversity adminlstratlons,
some of whom aspire‘ fo’contmued &pansion. .

We and the advisors have studied the size and distribution of NRC

grants “They appear to achieve the purpose for which théy weregdesigned,

by supportlng equitably much worthwhile sresearch of quality and
relevance. ‘ However, we urge ﬁ: ‘research projects be dissociated"
from PhD production.. 'As has be®h-explained in sectiopn T-4, “faculty-
research.should be dissociated from the production of PhD theses.

y - £ .
Wg hold the view that research should be useful or interesting in its
own rjght, and that PhD candfdates should be free to select research
,topics ot the basis of interest and relevance, ‘and not because money
“is available for research agsidtamts. This does not mean, however,
that research adsistantships cannot be used a% part of the screening
process for PhDs, or for reducing the burden on faculty members~of . -
,detailedacomputatlon and literature search. ' 7 .-

P L . . . v

Partiqipatlng as a research assistant on an intemasting and relevant
cooperative study would enhamnce any career (e.g., high school teaching)

A

" for which mathematicsl training is required.’ .



10. We are of the'opinion that doctoral candidates should have passed
the ?aster s degree requirements with high distinetion, after which
they should not ordinarily be required to take additional course work
followed By written examinations. °g_

Y
@

\11. For the above reasons, we belieye that the viability of a graduate
lecture course programme should not depefid on-the number of doctoral
candidates at ardy particular university. We think it inappropriate
to recruit doctoral candidates merely to justifyethe giving of

- advanced specialized courses. Seminars at which lectures by students
take the plage of written examinations seem to us usually better for
doctoral ¢ anéidates. %

To put the preceding points Iesh formally, we would observe that
the present economic climate has 1ed to a e cutback in the number of ’
graduate students.s Although this has been.a dlsapp01ntment with respect
to expectations and projections of the past, the lack of a graduate student
is not necessarily a serious losstb 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 bglong to
departments which have programmes'involving distinguished visitors. They
have ample opportunity to engage ih satisfying and fruitful research :
without supervisihg PhD candidates.

—

Before getting ‘déwn to individual areas and 'universities, we
oBserve agaln Phat, although we have conformed to.the format of a separate
report in each of the Eeur areasy we emphasize that a substantial proportion
of university research and graduate training should be &nterdiscipllnggx, .
and does not fit neatly into any one area or even academic subject. This
is trueg for example, of scientlflc computing and. of’ attempts to make the *

‘internal logic wf physical godels. mathematlcally rigorous.

Lo » —t—

12. A final question concerns the extent to w&h Ontario or Canada should;

have a self- contalned‘“mathematical ecosy " We think that at
" least 607% of any graduate Student’ bod should have been educated 'in, -
* {Lanada, and shculdAachieve a master s /degree by age 23 or 24. Of
course, there can algd be people hav1ng work experience who need ¢
"’futther advanced training (especially in statistics and computer
science) but otherwise failure to-a tract endugh such graduate
students 'must be accepted as a sign hat & ‘given graduate programme
'is not needed or ewen desired. ‘On fhe other hand, we'think that
provincialism is a Jeal danger. No only do we think it imperative
that most PhDs be familiar with moye than one untversity*environment
(though job experience is a parti shbstiiute), but also that a.- )
substantial proportion of the pro esgorial staff in-Ontario- Univer-
- sities.shoyld h4ve some pre- or post-doctoral experience outside of
Canmada. Otherwise tHe stylé an «content of Canadian reseaxch might
g:adually become too inbred

vy
.

-
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Introduction . \ < ‘ . 7
__‘_...‘__— e N ;& Y
.- We take it foy granted that before being admitted, graduate\n .
d - students in pure mathematics will ordinarily have compIeted—the equivalent
. of a Canadian honours undergraduate ‘zoncentration in some area of ﬁh -

mathematical sciences. We see no regson for diffefentiating.strongﬁy
between these areas at the undergraduate leyel; indeed we 'think that
undergraduate education ‘should norma117 be regarded as prejprofessiOnal
FY , - , . 2
Sufh students should’be able to fulfill master's degree require-
mehts in one year. Others, _having to fill gaps in their undergraduate
education may need more than one year of graduate educadion before becoming f'
adequately pneparEd\elther for outside employment or for embarking oty ,
research. Though we believe in maintainiug uniform minimum standards,
we think' that a d1versity of patterns is sound in education.
- Besides taking two or, three graduate course® in core mathem%ti
master's candidates in pure mdthematics might well also take courses-in (; P
applied matheifatics, computer sc1ence, and/or statistics if, not already \'
‘ takeﬁias t‘mdergraduates. In addition ;ﬁr?ﬁe think that’ electives such as
- the Ifistory of mathematics, taken for intergst, or reading and researgh
courses taken in connection with the preparation of a®mnaster's thesis,
should be encouraged for. master 8 students planning a careet in secpndary
education. 2 . . ‘S

- 'Y

3

.We would hope that students with a master's degree having sugh
‘backgrounds would bé educated both in breadth and depth, would be able to
think for:themselves and would Yetain a keen interest in mathematics. We
believe that graduate education in mathematics- should be & stimulating

experienceiand mot drudgery. et
- Those students showing the greatest abi‘ity and int should
by seriously considered as suitable candidates for a PD, if~’ wish.
. N Such excep#ional students will normally have, after passing with h -
Jhonours three graduate.courses in core mathematics, ‘a very adequa ground—
i ing im advanced mathematics. Here we Rave in mind’ ‘the équivalent of the ' ‘Qb -
' PhD qualifying examination. in mathematics at ‘a good university in the . M
United States. . . .
[ . - . e .
3 . . We think that doctoral candidates should have passed the master's
. ¢ degree ‘requirements with hi istinction, after which they should not "

ordinarily be required to take additional course ‘work followed by q;itten

examinations. At the doctoral level, what {s required is evidence of

originality and a promise of, continuatfon of research. Hénce, a doctoral

, digsertation which reptesents a s%svish imitatiop .of the work of the thesis
advisor- done.under much prodding represents no service to the.ptudent and.

s centaiqu no Honour to the advisor. Besides, the inclusdoh of such
‘graduates simply adds a pollpting factor to the current oversupply of

. PhDs. Because the proéspects. of -obtaining a pérmangnt_ academic/position at

a,university are poor, it is of particular importance that the graduate
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. = 7 edugation.of the docgoral student shousd not be narrowly centred around
. the topic of- the dis ertation. A broadly educated pure mathematici!! .
- " - .should still be able to, cbtain reasonable employment even though such \‘ ) '
: = - employment will not uiually make full use of his training . % «
o s b \ - - }

Th; comments following observatiqn 11 in the general introduction

to Chapter I1 and referrlhg to the cltback- In the number of graduate students ST
and the opportunity to engage in satisfying and fruitful research without .7
supervising PhD students have special relevance in the area of pure mathe-

matics. - . . ) ' o . -

P ; . I .. €4

-

Finally, we wish to express our generalTsatlsfaction at the
higi¥standards that have been. maintained in awarding«master s and *doctpral .
) degrees at OntariQ universities. We are not recommending that any‘uﬁivgr—
. shkty now authorjzed to.awayd ghese degrees be disqualifieg from so’ doing .
' A& “in’ the future. We simply belleve ot the inexorable laws of-supply and -
_ wp demand make thes achievement of even hlgher standards (yet not TmOre onerous J .
6' for- gifted students‘ mandatory for the future . ‘ , i o
oot | + - - " -
. ] . . y

’ o ~ . _ Co . .
University' of Toronto - ] . , . . - ‘

-

The depaTEment of pure mathematics of the University of Toronto
has a large staff with manygmembers of internmatdonal reputation in
various areas, particularly in. analysis and in geometry. There is con- .
siderable strerngth in a broad.spectrum of mathematics such as topology, Y
- logic,-number theory, algebra and differentiqf equations. The overgll * - -

- strength in algebra and numBer ‘theory appears §0 be below that of analysis. .

c e . * - -

The Universfty of Toronto_has the oldesg and most dlstingu1shed
tradltlon in. Canada in the training of mathematicians at the undergraduate -
as well ag graduate level_//Their honours programme in mathematics ranked

. among the best on the North American cqntinent. This is reflected in
ther outstanding past performance of Toronto underg udte mathematics -, .
honburs, siudents in the Putnam competition Moreover, the graduate ‘students
interviewed by our adviSors°impressed them ‘as definitely the best group
N they met in Ontario. Furthermgre,  theix research se¢emed to be conterned §//} S
__-with importapt probleum in the mainstyeam of mathematies Beeause of this,, »
we think that the Toronto faculty in pure mathematils could give trainLng .
of high quality to more Canadian graduate students, and produce as many . -
as 5 PhDs per .year. _ N o S Yoo,
T N . ‘ s . . , '
An effort should  be, made *to centralize.and -improve the mathematics .t
housi‘ng by constructing.a new building perhap,s gimilar to. those at . ‘
Queen’'s and Waterlob§ where all the mathematical sciences are, uyden one
roof. Well: planned physical\plant.gteatly';fcilitates communication! <

»

‘~ Finally. we think that Toronto could make greater ude 'of jts
faculty resources if it .reviewed oggectively (2) the conpections between .
the uarious fields of pute mathemafcs with.an eye to maintainiqg a < b
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. healthy balance between these fields, (b) the extent to'which specializdtion
ig desirable at the master's and doctoral levels, (c) the' balance between
undergraduate and graduate e&eaching effort,-and (d) the extent:.to which ¢
the_four areas of puré mathematics, applied mathematics, statistics, and
computer science should interact. Such a review, though time-consuming,
~<ould help)to maintain Toronto's traddtional excellence and would be

helpful tofall the Ontario universities. - pooN L ey o

L

-
‘ . , P ‘.
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Recommepdation 2

! -
.

We recommend that:

1)

the space available flee the mathematical sciences be increased .,

and centralized;

oL . ' [ - .
e The gepartment has attracted a substantial number of. graduate -

-

A1) -the MSc and- PhD programmes

f the departmenﬁ should be
continued; ‘

1ii) _about 5¢PhDs in pure mathepdtics per year should be produced;
" 1v) " the whole prografme of uate work in pure mathematics .= -
should be recoh81dered withln\the department.
S, . -7 . '
Un!\rersit‘? of Waterloo . vs I ¢

The Univer81ty of Waterloo has a large staff ,in pure mathematics
disttibutel over many fields. 1Its greatesf strength is concentrated in
the Department of Combinatorics and Optimization, some of whose members

-+, havq -an established- international- reputation. This component of the i -
: sta?f is one ¢f the strongest of its kind in the world. 1In the other
ds of pure mathematics, we find_considenable strength in those parts
functional analysis concerned with fpnctiOnal equations occurring .
in'real and complex analysis, and imr those which relate to applied
mathematics through probability hnd'informqkion theory. Work in these
. areas is further promoted by a continuous gtream of visitors and the
publication of. an international journal deyoted almost entirely to the
theory of,funétional equations. In éﬁdiﬁibn the staff @phtains a vet@‘ﬁ .
. active group working in algebra with partipular emphasis on. category "
v theory, logic and. universal algebre.

s fie

4

1

*

% ,students who tend to work mainly in the areas described above, We found
* most of the theses produced to be of reasonable: qualgty However, some
doctoral theses were almost exclusively computational in nature with liftlé .«

, ¢ significant thecFetrcal content: While fully recognizing the importance P
and difficulry oi combiratorics (as iq classical number theory), we feel\

st

-

that every dottoral thesis it pure ma hematics should’be orgarized, s
clearly stated’theoretical questions.! We recbgni the importance of f¥gh
level coémputéatiorr. for reéearch in c0mbinatori¢s However, we think that this
kind of research assistance- €an dfteg;gs\irovi d by students’writing o
N o . .

maater 8 theaes.‘. e L
T o e PO I
” T In'view of the,size and qualify ‘of the pure methematie_ staff
atdﬂaterloo, our general recomméndation cohcerning the mhrket for Phhs -
\ . e e,
1 .4 o0 N ’ . .
—’; . jn o 8u Iy M 1. f
, ’ @ o y . ‘ . . F _’ », .
oy §‘ A J -
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“ (10 per year in pure mathematics for all Ontarlo universities’ together)
<t may bear espécially heavily on Waterloo. Nevertheless, we think that it .
o ~ - should be taken wvery seriously. We especially urge that decisive seps:
e s be taken to avoid premature overspecialization, .perhaps by course require- LT

*ménts or a uniform quialifying examination in pure mathematics which must
be passed before students. are aCCepted as doctoral candidate#

«
Al

Recommtendation 3 . . ; ’ - ' J \

LA ) * )
. t ° » \~
& Ve recommend that: .
’ . i) there should be a uniform quallf ing examination for intending
i by goctqral candidates in pure math¥matics includi those in the
: Department of Combinatorics aqg Optimization; g t
. . ii)- the MMath, MPhil and PhD progiaqmes continue to strengthen"heir ,
‘ f
- minimumstandards; .
111? about three PQPS per year should be peruced in- the purg mathe-

- ) ' ., _matics area at Waterloo. » ‘ P . ) c s
’: Y . - ‘( _ = »

/, W R -
- .~ , 4 I e - . -

Carleton Unjversity / - X

-

\

Carl;ton University has a large and reasonably well balanced
,staff of pure mathgmaticians. It is particularly strong in algebra and
) "related subje s such as number theory and geometry. In "addition the
S department Kas- some‘Uutstanding analysts working- in potential theory and -». - - .-
. lassical analy31s, which nicely rouads out the activities in the other . '
more abstract arfas mentioned. fo
. -. + The staff appears to be an enthusiastic and- verﬁ.active group;. i
e moreover it shows a great deal of initiative in supplementing its research - S
prpgrgmmes-with a steady stream of distinguished vigitors spread over many °
areas of¥mathematics. The algebra days organized by -the department are
now a firmly established activity of the department arid contribute sub=
stanfially to the. 1ntelbectual life in the Ottawa area.
P A B '

- Since the start (some six*years ‘ag )xof'a graduate‘programme
leading to a doctoral degree, the’department {as developed -an honouss s
undergraduate programme of high quality and bgeadth. This helpg to

LT provide an excellent base of courses for the raduat; programme. '-' ..

\ >, " e

o ++ = Helped by its location im Canada's capita} the department se;ms .

to be.able to attract an alequate numb%r of qualified 'and gift d’students.

, “ The overall quality of the doétoyal tifgses we' examined was high if not .
’ outstanding. The morale of the.students we interviewed was, good, and

mest of thi were happy with their decision to go %o Cax‘ly:onaUnive‘rsity

. fer thei duane work. We sge no special problems in intalning an "
. effective ramge, in the near future, if the provinéiy gove;nment ’ .
cantinues to support graduate work "at the present level. ’
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‘ | Recommendation 4 c R .
]\ , : B ' -
. . We recommend that’: .
i) the ﬂSc programme, continue; . o .
ii) aboqut one PhD a year should be produced inm the pure mathematics
‘e area at Carleton. * = _ R
s .o - ~ - >,
v University of Ottawa ' * e .
." n ~ M

-»+ The University of Ottawa offers an attractive and broad programme '
of ¢ourses in pure mathematics. It is bilingual, and therefore aan pl§y
"a special role in servicing the needs of French-speaking students. This
seems to be especially valuable for new 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 mathematlcs teachers " (MAT degree). .We think that it should be a maJor
part of the department & graduate programme to meet whatever need there’

‘is for well trained teachers of math"matlcs who will teach in French.
- ' - »

students, were ofsacceptable qualfty. Our advisors considered the doctoral
theses to be substandard. The nymber of doctoral graduates over the last
’), ten years has béen so small thaf continuance of -the programme is becomjng
gquestionable.  This seems to'b especially true. because of the lack of ,a
group of outsganding mathematfcians in any dhe fLeIH“ Since there are’
'yery few Canadian graduate sfudents or undergraduate honéurs students PR
in mathematics, we” see no,rfason why this situation should change.

-

-

* ‘ N Poss®1y, .if t francophone Canadl an popufat n produces more

E young people who wish t

¥ ° quality, ‘the sitdation ight :improve. ,But we found only one such student
* who was entering a doctoral programme. His prospective thesis advisor
is a mathematician from France visiting Ottawa for a year. The student
expected go» to Paris to complete his studies. Hence, while the hope
- s . 1s laudable,® and whjle no other.Ontario university can perform this

specific role, «the is a strong onus on the part of the University of .
Ottawa to show thaf it can attract sufficiently many Erench—speaking
students of high gnough calibre! The attraction of such students is
_especially’diffichilt because of the competition from well established

. universities in the province of Quebec, especially tPe'Université de
.Montreal. . . - N ‘ . , - *

,i // Under present circdﬁstances e seriously question the viabllity

. of the doctora) programme’ in pure mathematics. While it should be allowed

€o Tontinue fo

-

appraised. s _ .
‘ - -~ ’, ’ -
.,| W& \ _ -
“ * * ‘e . . i
* ) /j ! F] ' v - L .
: . . - . ) . :
i . . ‘ . PR ,
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and are able to do thematical research of good ~

~

a further wwo years, the programme should. then be externallx;'
» . LY M

W

-




. Recomfméndation™ 5 > L )

»

". number theory.

» . B ©
We recommend that: - T LA
i) the proposed MAT programme showld be deyeloped Ha
ii) the MSc and MA programmes 'shduld continue; -
« 7 1ii) the doctoral programme in pure Mathematits should E@ntinue
" . for two ¥ ars after which its viability should be subJecs
to extertal appraisal. . R

Queen's Unfversity' - - o L4
- a

3

Queen s University has a large and vell balanced staff in pure ’
mathematics. Thus it has ajvery active group worklng in the a{eas of
modern algebra, notably in commutative algebra, algebraic geometry and
These act1v1t1es have attracted many visitors from Canada
and abroad. During the last three years, the department has conducted a
summer programme which is Yoosély referred to as Queen's open hpuse for
algebraists. We observed that.these- act1V1t1es have contributed sub- .
stantially to the_graduate programme. - < o EERE 1

a ' ‘ * 4

There is also a de-ranging strength 'in functional analysis; .
which extends from operator theory with applications to physics and
the mathematical foundations of quantum mechanics and differential
operators, to areas in pure funntlonal analysis such as measure and
1ntegra)10n theory, theitheory of normed linear spaces and the theory ;
of Riesz spaces. . ) ‘- . .

The department has a-1lbng tradition going back to the days of
Professor R. L. Jeffery in the training of mathemat1c1ans 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 e$pecially true at Queen's that the staff could capably
Handle a larger number of qUalified graduate students.

v

. The department is housed 1n a new buildir»g on the campusged ‘ *
after R. L. Jeffery; it is the most functlonal buildlng housing a ematics
department of this size that we have ever seen.

s

- 2.y . . . ’ .
» . "i"'l ] - M , : g ot
Recommendatiom—b 23 ’ "
v ) A ‘ ‘ -
We recommend that the MA, MSc.and PhD'programmes s ould ‘. .
continue at\their present level. - - C

'
*

/

o
* . ~ LY -

That of the University of Waterloo is much larger-=-=- and Toronto would
also need a considerably larger buildihg. '

v

?
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“McMaster University —

1 r . PR

»

We now turn to the universities “located in western Ontarlo ‘other
[} ' .

R \j than Waterloo. N v, . , .

" The mathematics department at Mcﬁhster University - 1ncludes a X
large highly: expert group in algebra, especially in universal algebra, - ’ -
where a measure of international reputation has been achiewed.. There are . iE
also a few specialists of recognizeﬂ quality in other areas, notably in ' i
i . topological vector spaces and combinatorics, but the overall research : -

effort in these areas, while acceptable, does not have a comparable - )

* ’'intermational reputation .

The number of graduate studenfs is large (about,20 doctoral e

\ students and 10 masfer's students) and the department hes no difflculty

. in accommodating this number. Partly because the undergraduate programme .
- is broad and of high quality, these students have a good ramge of courses :
s from which to choose. The number of foreign students is small, but during
the last few years the .department has been experiencing greater dliflculty
in attracting qualified Tanadian students. )

a—
~- N

, The majority of the dottoral theses which we, examined were,”
understandably, in the area of algebrg. 'Their overall quality was .
acceptable, although we did ndt see* any. whiqh we could describe as .
really outstanding. The Samg'remark applres to the quality of the master's :
theses. ' -
. N . -
The students we intaiylewed were -on the whole content with the -
education they were receiving. Of course, they expregssed their fgars aboug’
the prospectS'of obtaining a pgsition in the academic world:  The depatt— o
ment would do well-to look into this matter, and .to see whether they pould .
change part of the student s tra1ning over. into areas of applicable : ,
mathematics such as statistics and computer scieqce., Likéwise, the pure ’
¢ analysts should ‘try to establish closer relations With the applIedamathe~ .-
~, ) ;ﬁi matigians. Unless some-positive steps are takemn, we think that 4jt will be- _'1
CeT - diff cult to maintatn a lively and vital progtamme in pure analfs
TS ‘McMdstetr. <More generally, we think thatE;:eps should be taken

and!.deepen the training of the pure math maticimns, and that th
theges shoulkd be fewer and -of higher qual P

Y

: . | ‘iﬁ‘t"ﬁ".,‘_ /

Recommendation 7 . s

< 'We recommend th‘t B “ s m~ -

T i) the MSc programme should contlhue, . ’ . -

_1i) steps shguld .be taken to make the® analysis section of the PhD - . B .
N p’bgramme more in lide with current interests and- applications,":\ .
. 1ii1) subject to (i1),” the PhD programme should continue aiming to, At
. . prodyce one or-two PhDs per year.' T » e - e ’
» é . i L& r' ,‘ , "!l\ e e f: h ) ) o "
. LT ; Lo
£ - v - T e
- ~9' vy . .
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jr some strength in-algebrd. As a result of this’ limited cover the

. A-38 -

'Univarsitzpof Western Ontario ' - : - 3

. T . - v Y
N ¢

. '\ There is considexable basic‘ﬁtrength in the mathematical sciences :

at the University of Western Ontario. Thus’the- undergraduate horburs
ptogramme is of high quality, and grﬂduates of this pregramme ape well

" prepared for grdduate work. As a nesult, little additional effort is
required to ‘maintain a good mastef's programme in pure mathematics. -

Moreover‘ it is a policy of the‘univer31ty to have a majority
,df its graduate students C Cafr®®an. Hence, there 'is not the domination -
of the graduate class by foreigt, studeqts which we hgve at some Ontarid * 7
univer31ties, although foreign students form a large part of.the graduate v
gfudent body. - . .

]

"However, we £oresee a number of difficulties in mainghining a

‘ good doctoral programme. First, it- should be récoghizgd that the main : .

research strength of” the department is. in classical analysis and this- .
largely in one narrow area, namely, summability -theory. .There is also
e’ e N
- doctoral theses tend to be nimaginative and technical. -In f mos€ "

of the theses re ‘in some aspect of summability or in semi-group 09

'_these topics

’ Stated another way, there are only. a few’ senior faculty members .
. @ho have strong research reputations, and these are concentrated in two or
three very limited fields. Unless the researth capability of the fadulty P
" can be.substantially broadened, we question its ability to attract ‘endugh
qualified graduate. students in the future to maintain a vjiable doctoral - -
programge The bulk of “the faculty is young, about one’third of.these

&) $ - ~being non-tenured. ' To broaden th¢ doctoral programme, it would be necessary.

to appoint sevedral more strong research mathematicians, which appointments wouId
"prohably lead to qﬂredudtion in’ the number of non-tenured staff.

<
'3

. It would also -be helpful to’ ‘foster cooperation between pure and
. agpiied mathematicians, which has been poor in the’past. We were told that
\ attempts are mow being:made to resolve .thé underlying disputes in a satis- .  “

factory way. Ifsthis can be done; applied mathematicians whose interests
include theory could help! considerably in bolstering the doctoral progrirm

in pure mathematics. - " .
. . " . J , !
Recommendation 8 . .o .
. N .4 , e
’ We récommend tHat: ‘ > ’ :
1) tife MA pYogramme should continuej .- Ll : T
11i) forts should be made to brdaden the PhD frogramme. In the
c L, meantime the prbgramme should continue two years, after
. which i¢s vuability should be reappraised externally.\ N
.‘5 > . . o .
. IR - 4 .
R, A } . .
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University of Windsor ) e

r 4
The fdculty of mathematics at the University of-Windsor is so
small that. to compartmentalize 1ts activities into four areas hardly .
-aMakes sense. It hasvlost‘!hrough retirement its only distingeished
enior pyre mathematician. . Althpugh this member was not ‘active in super-
/Vising doctoral theses, he was largely responsihle for upgradlng the
undergraduate honours programme, Wthh we find often includes a good -

nucleus of courses sultable for a.master’s programme. . /

. T A

‘Qtherwise, the faculty of pure‘matﬁematlcs con51sts of a small
ngmper of young mathem&ticians, all of#éhom have tenure. Hence a~vacancy
for a senjor man seems unlikely in the near future. *Although one member -
of the faculty who now provides leadership in applied mathematics twould' ™,
also be.capable of supervising a thesis in pure'mathematlcs, we doubt .
whether this 1s an adequate basis for an official doctoral programme.
Indeed, in 1ts whole history, Windsor has had ¢nly three.doctorates in I
pure mathematics, and only one thesis supervised by-a present faculty
membeT. ~ R - - ’ ~-

. —- - x. S
. % . N ! -

Moreover we wondetr how many Canadian graduate students will.
elect, or be well advised, to pursue & doctoral programme im pure mathe-
mat%cs at the University of Windsor.- Epr.the above reasons, we wonder -
whether a continuing doctoral programme in pure mathematics will be
viable there. - . - L ‘

Recommendation 9 - - '

o We recommendf?hat‘the PhD pro raqge‘in pure mathematlcs be !
reappraised for its viability a r two years, along with - :
. those of the: Unlver51ty of Ostawa and the UnlveT61ty of 4
Western Ontario. » - - 7.
4 . = ’
. .

- University of Guelph -

« , s '

' The Un;ver51ty of Guelph has a programme for an MSc in pure - .

mathematlcs and' a quallfled staff, but no students. ' In view of this lack -
of students, the faculty members were 1nterv1ewed regarding their attitudd
towards gradua e work. - There appeared to be no strong-.consensus. Two or
Jthree members ere«ennhu51ast1c, some would be happy to participate, and
some were jndi ferent. Some of the indifference centred .around ,the valid ~
contention’ that an .adequate programme of courses cannot be offered without
a reasonably large body of students. . . . -

i s
. . - r . . N '
= T -
.

- Howeyer, some graduate students in statisties (section I1E0) .-
expressed a desire for a broader progratme in thée mathematical sciences.

\ »
.
N , % - { . . . - N

. ' ‘o
} .
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In view of .this, we wonder Wiether it might not be best For
- Guelpp to offer a single set 6f courses in mathematics. afl the master's
level, emphasizing statistics< \ﬂf some graduate student taking this.pro-
graﬁhe happehed to qualify for an MSc in pure m@themétics, his degreg .
% .could bgar this flile. . ’ ” - -
- » ~*
. C_y . ) ) £ .
. OGetlph has no current plans for a doctoral programme;,and this
'ie as it should .be. Therefore no special recommendations seem called for.

» , B : ‘. . BN ,'

2

TmkeHead Unjversity . r’ L " \ -

-
“

Because o%‘its geographical remoteness, Lakehead University has- |
very special preblems, for example”achieving contact with mathematical’ M
collgagues”and with distinguished visitors available to the-universities
of the bopulod\ part of Ontario. Because of the small size of its staff .

. and progr mmes we wonder how dESEQabI f is to compartmentalize graduat

- mathematifal instruction at Y.akehead ifito fourVseparat® areas, X cdncerd
YMmlreadv expressed for Windsor, York and Guelph. .

& = 3‘ PR N ' . £ ; .
‘As thfﬁgs staqd,uLékéhead has a group of seven pure mathematicians.

There is 'some strength in the areas of poing-se topology, measure and .

. *integration theory and geométric Banach space theory. The. research effort

V'in these areas s }einforceQ'by the work of staff members in the applied
mathematics group insthe theory of differedtial equations and numerical
analysis. * .

Y ; . . 4 . ?

. Since the.start of Lakehead University, the mathematicians ,
have developed an honours undergraduate proghamme. This. programme is |
now .firmly established ahd appears to be well balanced in breadth and
depth. It forms a good base for the\restrigted master's programme in
which the whole department is actively enggged. The-staff unanimously

stated that the graduate programme was qf great impoftance to them. -

-

a v . ~

gever, the pfbgramme seems to be unable to attract_sufficiently

many Cana’estudents. For-instance, the six incomjing students this -~ ~.
year are foreign.with one exception. In another‘diﬂ’%tion the programme ’
eems to have little appeal to the high school mathematics *teachers in the
area. In fact, the teachers who would ;}ké to get a master's degree prefer
the easier cprrespondence programmes offered by other universitfes in
Ontario, Such us the University, of Waterloo, and which as a rule do not
require the studernt\to write a thesis. )

) 17 i
Despite thegghdbstaéles: the staff has suscessgllly educated a
small number ®f graduate students. The master's theses we examined were
*¢on the whole well written,and in areas of mathematics of current interest.
In fact, the quity of some compared ¥avorably/with those produced- at
other universities in Ontariol . R ’ o :
. o, , . .. -

- -

Y
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" . The master's programme in pure mathematics at Lakehead is )

»

. turrently reetricted to the ardas of logic and founddtions, topology

. and geometry, real and complex analysis, and functional analysisa. - Sihce
. .’ the staff has grown to the point that they are capable of offering a - .
. reasonably broad education in pufe mathematics these restrictions become .
L artificial, : , .t . .

- i +
. . s ' b e g

‘In order to make the’ present programme more flexible and compet1- ) . .
, tive, as regards attracting Ganadlan.students, we recommend that serious: -

. consideration should be given, to authorlzlng the departmént'to offer an . - )
* | unrestricted programme at the master's level in mathematics, and to allow fj/f
the department to award the master's degrees by course work, or by thesis
) ‘as warranted. Some emphasis on numericdal analysis would be appropriate. oL
. , The department ‘could submit a new proposal along these lifes for appraisal: - _59 -
LA *
. . ' ! ‘ » t '
Recommendation 10 B
[ ' " * - » AT
- ) We recommend that Lakehead University should be encouraged v

fo submit for appralsal a programge for a master's ;n mathe-
matics unrestricted in’ scope and cevering a degree by course

‘ »
. .

work or thesis.

v . s (Y

. -

. R R P ar
York University LA . - . . . ,

4
f

ve

PR

York Uriversity has only an MA programme in mathematicsf Moreover

= , the staffiqg of the courses for this programme 'is uneconomical because its
L courses have a small enrolment dué to the small number of undergraduates
majoring in mathemafdcs. Part of the reason for the latter is that mathe- .
- matics is in the Faculty of Arts and is housed in an arts building. The .

science buildings are. physica%}y 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 commen!urate with its. resources. . . ‘ .
- v s . ‘ . -

. -~ - . o . . 7
R ActnalIy, its resources are considerable. It the area of combina- -
torial group theory it .ts the strongest rtment in Ontario. It.also has

~——— bameate

strength in classisal analysis and also comsiderable support strength in
other areas. At present ,this talent is not u$ed to the utmostﬂ

‘ - - ' ‘. . . ' . .
s * The departmé‘t should certainly be allowed to maintajn its MA ,

’

. programme,” and ways and means should be explored for the department tb .make

¢ -5
* better use of the talent available. ¢If.possible, the department should : .
§ ‘try to arrange with Toronto 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 ITked:this idea,
) and many of the faculty at York expressed a strong: desire to act as thes:‘s ]
e . advisors if such an arrangement could be made. '
Q N . : . : w
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Recomﬁendation 11

D

"11)

i1i1)

i) rthe MA programme should continue;

We recommend that:

!
|
\
|
|
b
\

special efig)ts shouad be made to involve York fachty in,

the supervision o egearch stugents at other univ rsities,
especially the University of Toronto;

4 ‘
the location of the Department of Nathematics 1 vis-a—vis the
Faculty of Arts and other faculties and colleges sheuld be
reviewed by the Univers1ty.
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Four important interrelated considerations underlie our
di'scussion of the area of applied mathematics. The first is the
difficulty of defining with any Rrecision what .constitutes applied mathe-
matics. The second is that, under any reasonable definition, much work
that is pr;lﬁrly Tegarded as applied mathematics takes place not in .
mathemati epartments but in other departments, notably of physics
and’ engineering. Thirdly, ‘there is overlap, and indeed there should be
much more overlap, with the other 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 theprange 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.

u .
' Essentially mathematics becomes applied when it is used to g
solve problems in the real world "neither seeking nor avoiding mathematica
difficulties’ (Rayleigh) Because the same mathematical. technique may.be
applicable in many different fields, a good training in applied mathe-
matics should be aimed at producing 3 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 im operations
research. Thus, potentially, applied matiematics covers an enormo
area, being coextdnsive in one sense with quantitative thinking. I
this brpad sense, the area lacks unity and is much too large to be £overede,
comﬂfetely in any one 1nst1tution ,

Further, many applied mathematicians study technique as‘such
in at least some of their work, and in this respect might be considgred
pure mathematicians. To draw any rigid divisiom between ACAP areas is

. wrong. One of the dangers of the subject, however, is the ‘specialization

ot

of arid exercises in technique, divorced from real applic#ions and yet of
no lasting significance as pure mathematics, and we regard .genuine involve-
ment in applications as cruc1al for the health of any applied mathematics
group.

-
-

Applied mathematioml 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
univeTsities we heard much of such work, we were not able to assess ‘it in
any systematic fashion; see section III-6. This means, in particular,

‘that’ our recommendations for individual universities inevitably cannot, be

as detailed as €or the other areas. N ' . ( -

B
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Until fa&rly recently, the great majority of applications of
mathematics have 'concerned the ‘physicgl sciences, either id classical - ‘
continuum phys1cs, relatlvity and quantum theory, or in app]icaricns
to aercnautice, chemiczl engineerirg, etc. There ere, however, new
cha}llenging problems regquiring applied mathematical,work arising in many
- j‘ other fields, for inktance in earth and planetary physics (includi
meterology,,oceanography, etc.), ecolog?, genetics,.virology, biohemistry,
neurophysiology, theoretikal psychology, control theory, systems analysis,
operations research, mandgement scieace, business and economics modelling, ' /

ae

. -
There are several implications of thls broadenlng. First some ,

L . -kinds of app;}catlon remain active and exciting for fairly short periods, ,
. 10 years or . Because a faculty member may.be active in his subject for p
! > 30-40 years, it.follows that an appreciable proportion 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
required. The area will not remain vital if -departments of applied mathe-
%atics consist largely of self-perpetuating groups.

* -

. | Secondly, while we appreciate the importance of the traditional,
fields of work in applied mathematics, the employment prospects. therpr’ré
severely limited and we strongly believe that the training of applied ' -
mathematicians should be more deliberately aimed at the main employment oppor- °
tunities. The recen{ distressing decline in the number of applications for
graduate work in applied mathematics is probably connecxed 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 .such as,
ordinary* and partial d1fferentia1 equations, asymptotic expansieon, etc.,
remain important of course. In addition, however, links with computer science
and some of the newer topics in pure mathematics neefl fosCering, further,
some knowledge of applied:probability and to some extent statisfics will often
be required by the applied mathematician. Irdeed, the fairly widespread !
, separation of statistics and cobmputer seience from mathematics has weakened g
. applieds mathematics 1nternationally. Mathematics departmenEs are themselves . e
. //A .largely responsible for this separatlon by their failure to support these .
. subjects adequately when they first became vigorous, - ’

- “Although our information about proﬁrammes in other departments

- and faculties is incomplete, we believe that applied mathematics programmes’
which emphasize appllcatlons ‘demonstrably beneflcial to society will ,f

flourish most in the next decade or two. For one thing, students taking
them will have bétter employment prospects. Such programmes might welﬂ be
« given in cooperation with engineering departmenits, just as some cur
. programmes emphasizing questions in theoretical physics would ben
’ joint supervision with physics departments. Further, we'questio
for more than one doctoral programme in Ontarlo centring aroun
relativity. //
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Finally we note that the above discussion has important implica-
tions for the teaching of mathematics to 'students of other departments; .
_see also section II-C on the teaghing of statistics to such gtudents.’
B ¢ A
Whiler in many of the universities we visited, there was clear
awareness of so-called modern applied mathematics, we feel ‘that the full
“implications of a broadening of the role of applled mathematlcs have yet
to be 1mplemented,,in Ontario* and elsewhere.

‘We conclude the genera1 dlscussibn by a number of broad -

Pecommendations. - ‘ ' . .

J .
\ k)
» N Lt ad

Recommendation 12 ~ L, e \

- - hd

o

We recommend that:
i) there is a "general-need for reexamlnlng the .role of applied»
mathematics; ) i\
ii) further, there wlllybe a need for continuing reappralsalVifﬁ//
.. with attention to research and training in applications
good eémployment prospects in Ontario and Canadia; .
1ii) , to ensure genuine contdct with applications much greater u*e
) - Qf interdepartmental appointments is desirable.

The CBleman report is also relevant to our general remarks (see
section I 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 mathematies . There has been consideraﬁle doctoral
thesig supervision in this area, some in cooperation with computer science.
Thus in’ 1970-75, there were 16 degrees awarded: - 8 in applied analysis,

2 in classical applied mathematics, 5 in mathematical physics, and 1 in
modern, applied mathematics. However, there has been a“dramatic recent

decrease in the number of graduate students, and the staff 8 instructional
‘efforts are now mainly devoted to undergraduates. .
. I
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. Thi development seems consistent with
Toronto 8 response to our advisors' report: that it.was because "the main
'applied mathematics' appfoach" at .the undergraduate level was supervised
by the Engineering Faculty, and because “Mathematically able students whé
do not wish to follow, the abstractions of.pure mathematics have turned in
increasing numbers at the undergraduate level to the-new challenges of

»

-,
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computer science, or ... such disciplines as economics". Moreover, the

response ContinuEd "Until recently, applied mathewati®s doctoral students

were required to satisfy" prec1sely\the same comprehensives as all pure

mathematlcs students, and although a ‘measure, of flexibility as/now been
s

intduced, -the pure mathematics demands on applied mathemati ‘tydents
are Stlll considerable. - Thie~ is a deliberate policy of ‘the de attment,
and has definitely acted as a control on the number of students in applied 4

_ mathepatics that could be considered for adm1ss1on to the Department; it-

- also 1mplles thht the students who do come concentrate more naturally in
‘areas such as mathematical physic¢cs. Those ‘with a ‘real interest in inter-
disciplinary'studies involving mathematics have tended to go to the other
department from which they availed themselveS°%f both undergraduate and
graduate courses of fered by the Mathematics Department

If Toronto wishes to foster a strong graduate programme in applied

I}

.

_ mathematics as such, we suggest that it form an interd1sc1plinary committeé

composed of dlstlngulshed faculty membexrs sympathetic to this idea, whose
m1ss1on would be tp reassess the programme and to define its focus more
"clearly. Such a committee should i cjude a statistician and a computer
.scientist, because applied mathemat cz involves these two areas, We
urge .that the Depaytment of Mathem ics glve this committee a free’ rein
ard moral support.

v

. , W=

Recommenddtion 13-

* ) “ - + -
We recommend that an intermal interdisciplinary committge,
“;sympathetic to applied mathematics, reconsider Toronto's ~ “
role in this area. Such a cé£g1ttee 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 p;ogrammes
in all four ACAP-defined fields: (i) classical applied mathematics,

(ii) mathematichl physics; (iii) modern applied mathematics, ‘and (iv)
applied analysis. There.,are 26 full-time students. Most activity in
continuum merhanics 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 relativity’ theory There Has been a similar recent decline in graduate
enrolment. Y o ,

N . : . . *
,

A4
1 s - . ,

* . : : -
Quotationd taken from a le?ter from Dean-A. E. Safarian, School of Graduate
Studies, Univers1ty of Toronto to Dr, H. H. Yates, Executive Vice-
Chairman, 0CGS; dated December 16, 1975 -
, . {

' B ‘ ‘-.l(j(-l ~ _' '. .§ -
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.'ﬁith'the GuelphVWaterloo Centre for Graduate Work in Chemistry.

' academic job opportunities. A difference is that), whereas the emphasis, K

* . [

. 2nother spec1al feature 1s the ‘inclusion, at Waterloo, of a
d{stinguis ed and well’ integrated interdisciplinary effort in quantum “
chemis®ry. -Here strong use is made also.gf computers, in ceoperation with
the Deﬁartmeht of Computer Science, and the effort seems to be affiliated

»
\ - ¢

Thus, at Waterloo as at Toronto, ‘the graduate programmes cemrtre . .
around applications to are®s of pure science in Which there are few non-

at Toronto is 'dn maintaining strict admission requireugﬂks, at-Waterloo
there seems to be a definite intention to relax sueh rtquirements in an
effort to double the enrolment.

-
7 L}

5
We would feel more comfortdble about this proposed expansion in
graddate enrolment if we had a clearer prOJectlon of job. opportunitles in
industry, government, and academe for the master's and doctoral candldates

.to be trained. . -,
o " > -
R

. There is another d1fference'—at Waterloo, applied mathematics
is very largely independent of pure mathematlcs .

PR h |

Recommendatiog 14

- H

L]

z

We rebommend with the preceding considerationg in mind,
. a con¥imuation of the MMath and PhD progtammes at Waterleo,
ﬂ byt with increased emphasis on areas in which there exist .
v non- ademlc job opportunities. We also recommend that, ’
in the near future, new appointments be made of’ faculty

1

. whose research is concerned with sych areas. . - )
. . e DT
t
Carleton University
. » s . ~ . ’
s - Whereas the activity of applled mathematicians at Toronto, Waterloo,

and Queen's has been concentrated around problems of thegtretical physics
(especially generdl relativity and quantim theory),’and hence belongs to

ure ‘rather than applied science, “thé activity at Carleton centres around
problems of information’and systems engineering. -‘Hence it is more "applied"
in the strict' sense of being of direct value to workers in induStry and .
government 'in thé Ottawa area. Though it is ndt yet as distfnguished
scientifically as the efforts at Toronto, Waterloo or Queen s, we think
its .further development\should be encouraged, with additional stafﬁ
appointiiénts if possible. ‘ - N

-~

.

- »
\ ‘ 0 . . ' ’ \
- , A .
. .

Recommendation 1% - , .
We srecommend that: ‘ ] , !

i) ‘Carleton University cbnt;que to develop it's interdepartmental

MSc programme in Information and Systems Science and examine *

' , v

‘. L - 106

.
\ - o » A

i



)

the possibility of a cooperatlve programme in this field with
the Univer51ty of Ottawa; -
the areas in which the PhD " applied mathematics is offered
be more precisely defined. . / oo o
/' ’ - -
,ﬁniversity of Ottawa
E . RN o
_ .'The University of Ottawa offers master's programmes in all four
ACAPs fields, .and offers a docteral prggramme in mathematical physics and-
applied analysis. These programmes hayve not been successful in attract-
in@ many Canadian students in the past, and we doubt . if. they wi'lt in the
" immediate futyre. Hence no great loss would be Sustained if the Unjiversity.
of Ottawa had no doctoral programme in applled mathematlcs as such. *

-
-

We consider the contemplaéed development of a new programme in
mathematlcal physics, in competltlo with the establlshed programmes at
Toronto, Waterloo, and Queen's, to be especiallysill-advised. On the
other hand, th the vast nulber of federal government employees who
might prof1 - from éraduate study s the University of’ Ottawa has a natural
advantage Sver most other Ontario universities for the development of a, |
good graduate programme in mathematical ecotomics.' In addition to supplying
students, the government might well provide interesting problems for
thesis projects. 1Indeed, it is possible‘to envisage many goggrnment
Iemployees being part-time students, and successfully completing combina-

tions of work-study programmes

-

) In- our interviews, the departments of mathematics and economics
both showed an interest in developing such a programme. We and the advisors
be¥fet that this University should be encouraged to do this,-even though’
we are aware that another ACAP group has recommended'against such a
development . v - )

The Univer51ty of Ottawa is deVeloping an interdepartmental

programmne in general systems and informagion sciences, a programme 'that

thus far.has attracted three students. It would seem advisable to have some
amicaple coordination between this programme and the similar gra at
"nearby Carleton, avoiding undesirable dupllcation and maintai g cmﬁi
standards to prevent Gresham's Rule from degrading both programmes. If
this can be achieved, the obvious enthusiasm &hat the Ottawa staff and
studefits have for the programme would cause our’ advisors to endorse it
for appraisal. ) !

-

oy

s . -
I3

Recopmendation 16 -

-

- o , /
We recommend that the University of Ottawa ‘be en&ouraged:

i) to develop an 1nterdepartmental MSc programme in mathematical
econom&cs L

-




ii) to examine the possibility of a cooperative programme in 7 ¢
the field of information and systems science with Carletan

y - . . » >
- - Qn1ver51ty s C -
) .. .9 . T
1 1 B ¢ 7
Queen's Pniversity B o L —
N ” N , . . . - I -
+ . There are 12 faculty members'actively engaged in research in

. t_\ applied mathematic¢s, and as many graduate-students. The cooperative prg-
grammé in control theory with electrical engineering seems to be the’ :
“ . strongest and most closely knit effort. It is the only programme of its
kifd in Ontario. Control theory is an important ,branch of modern applied -
mathematics having direct applications to tectinology and significant implica-
tions for pure mathematics.
: ’
‘ There is also a wide-ranging graduate programme in quantum theory. . .
- Both ‘programmes seem to be on a high level of quality, but hav® few graduate
students. Thus, they conform to a pattern whicH we thin¥ is quite reason- .
able for the future, for Programmes not correlated with jap opﬁortunities. ’

.

We suggest the ﬁossiblllty of broadenlng,;he programme 1n s
control theory, even if only at thg master's level, so as 'to -prepare
studénts 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- - .
IEégeable in (mathematical) physics who+are seeking non-academic jobs. ] -

. - [ ] S
Likewise, we suggest that the promising inter@isciplinary efforts
with biology (including STATLAB) be given greater visibillty by belng cross-—
referenced as part of the applied mathematics effort.

@

Recommendation 17
) i 19 ’ ‘ Fr e - ’
-We recommend continuation of tHe existing MA, MSc and ‘PhD programmes
in applied mathematics at Queen's University, but with -increased
emphasis at the master s level on applitations associated with

’ non-academic employment opportun1t1es .

Rad

i, ’

University of Western Ontario

.

The MSc and PhD programmes in applied mathematics at UWO are
v supervised by sixteen faculty members. These faculty members have on the
B ) whole remained active in resgarch ever the years since they joined the ,
faculty, and 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;
L ‘we noticed no significant gaps. Both the quantity and .quality of the research.

'
» - 0
' ’ .
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output are good, particularly in continuum mechanics, related applied
analysis’, and theoretical physics fe.g. positron annihiflation and ¢lasna
theory). T . s ,

. \ - " . 'S .

We feel that the staff should continue its strong MSc programme v
.in applied mathématics,  with an occasional PhD. But it is unlikely to
realise its full potential until certain deep-rooted probiems within t
k‘?lﬁﬁversity of ‘Western Ontario are resolved. In patrticular, the
urg organization of mathematical physics. and theoretical physics
within the University is under review as a consejuence of .the recent .
ACAP physics assessment. Certain tensions seem also to have been
generated between the Departments of Pure and Applied Mathematics. .
The University administration is aware of these problems’ and has formed
two internal committees to study relevant aspects of .them. -We hope that
these committees will make pqs1t1ve recommendations for applied mathe-
matics at UWO, and will take into account the' general observations made
earlier in this ‘report.

a
. [ [

P -

Recommendation 18

' We recommend ‘that the University, of Western Ontario centinues
' its strong programme in applied mathematics, turning out an j/
otcasional PhD. Any pther recommendations myst be deferred ]

“ until after existing committees have succeeded in resblving -
internal problems. . - Sy
. " ' . N "
. L ’
University of Windsor . L@ . ) - . <, ¢

[ 2 ¢ -

- /
: There are eight faculty.members engaged in applied mathematics,

almost all in the mechanics of solids and fluidssor in applied analysis.

* The group worklng on. the mechanics of solids is unique in Ontario; although
- mostly concerned with "ideal" solids, it appears td cooperate wéil with .

the Departments of Civil and ‘Méchanical Engineering. There are about -

10 graduate students, and the doctoral theses hdve been good, in the

mainstream of current research and read by distinguished external- experts. -

) ) ’ - . D
- Vo ‘ ] . .
Recommendation 19 ’
L ]
. . . : : N

. { .
*, We recommend a continuation of these programmes, but with an - »
internal review Yn the near future of non- academic employment

opportunities for graduates of the doctoral programme.

University ‘of Guelph.. T - ) - ®

s - . ’

. The Department of Mathematics and Statistics has so fgr
attracted only one (part-time) graduate studen? in applied mathematics,
though the staff could easily mount an MSc programme. We suggest that

2 .
' ‘ . ‘1(.)\); R
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a programme emphasizing app, icatlons of mathematics and stdtlstlcs to
agriculture and biology might well attract students and be unique in
Ontario. In mpst areas, it would be\difficultfto compete with nearby
Waterloo. i

o

-

-

No specific recommendation seems called for.

. N M ’ N ’
) . ) '
. ‘ N Tt
-Other programmes ’ -
T <

A3
~

. , , | , v
No other graduade 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.
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' C. STATISTICS'

- . . . . . . N . .
Introduction ‘ N R

. . .
' . - ‘e 3 veon

This sectlon of our reéport deals prlmaf!!y wi;h comments,on !
jndividual un1vers1tles work in stat1st1cs L R . oo .
] In our opinion, a healthy faculty group ‘i statistics must be
, .. ipvolved in research and have gdod contact with app&icgtnnﬂi That is™ % -

necessary ‘for liyely undergraduate teaching Yf.for no other reason. .

Whether it ‘is necessary to havé doctoral étudents, or even spe7§allzed
s graduate-courses, is less clé€ar; with 1ntell1geqt use of the opportunities.
’ . for interuniversity collaboration, -a group could be active and succesg§ful

‘ +

. C in research without graduate students, We have discussed this import?nt /
N . matter further in-section I. . e
" ' L (/"'~/ . i s -“r,'
‘ . " We recognize & useful nour1g1d dlstlnctlon between applied -

probablilty ‘and stat1st1cs,.the former;deals with.the study -of. probability
models arising in the physical and blological sciences,. gperations research,

. etc., whereas the latter 1s”primarily concerned with the analysis of data. . -
= _and the design of 1nvest1gatrons With 'some exceptionsy we note a sur- .
prlslng p;ov1nce-w1de weakness in the former ' * .
h - -,

As w1th other «kinds of appllcatlcn pf~mathemat1cal ideas, clese
- correlaticn between thedry and application is vital in statistics. GGGd ., .
applied stat1st1cs goes together with a concess for new thecry; rathematlc 1
etatistical theory that is not ultinately motivated by or reheted te any ¢
~ applucat;on is likely to be arid. For this reason we have not fcllowed ’ -
\ the ACAP subdivision eof statisnlcs inte five or more fields (mathematical
statistics, app%;ed statistics, etc ). In any case, to-have done so .
would have involvea dealing with very small numbers offfaculggjig any ° : .
institutjcn. L ‘ . ‘- 2 ;> . S ,{ i'I—
. ' &=, -2 Lt
As noted again.in section III-6yof our report, the consult . -
and adV1sor§ on their visits were able to t faculty from other depart—
) fhents but’ not to-make a systemdtic assessment of stat1sticfl work outside .
. ¢ the mdthemztic. or staristics departments. Certainly-full’ appreciation- .
of the work in statist1cs on any campus would involve examination of work, 2 -
in many other- departments. economics, - epidemiology, physics, law,  agri-
culture, etc. PARNEE

- o * s Ve

. » We believe that statistics has a good future in Ontario’and, ,
generally, essentially because as wéll 4s already established types of
applic¢ation, there remain many problems in industry, agricutture, ‘govern-
ment and the professions with an as yet unsolved or unrecognized major
~—-4, statistical component. -For that reason we believe that the effedt've... .t .
demand for statigticians with-a graduate qua11f1cation will pers1st ghd 2
probably 1ncrease, prov1ded that statlsticai training achieves a satls— ’
factory balance. between theory and appl;cat on. We found some tendency ~ . -
‘to consider a master s programme in applied statistics to be"less detdand- '
ing thah one in mathematical statistics, and this we regard as a dangerous \ .
H4

! . . -‘ .‘ ' ,I , 1

)

-l . . ‘» - ’ . ,
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s . . . . ‘ - . . .
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T -view. * Good work in applied statistics® nearly alwaysfalls for much more
- than.mechanical application of prepackaged methods.. oo Y
. . B ’ */ R ‘-'\ ‘ ) .
) -~ e It is 1mportant to distinguish between the rols«of’maSter'sl '
programmgs.ds i preliminary.to doctoral work and as a terminal preparatiom
For the latter purpose, a programme taking.a well’: '

‘ ! for applied work.
qualified studentotwglve Jnonths of” work should normally include a thesis

and ‘the programme should be planned to lay the foundation

'”'““‘:“?ﬁﬁmajof"proJect
for ultimate 1ndepéhdent work oﬁ h1gh”standard in an applieq subject. .
v;" . . R > P o . . . . ‘\ . ‘I;‘
e o There are a number of exceptiopally ‘able statisticians and )
On the other hand} most of .

*probabilists ~in the” province s univérsities.

the 1nst1tutions contain also faculty of uncertain quality,,inactive in'

-‘~
30 far as we “dould

research and without compensating special strengths
+ Judge. « LT
i FOSERRE ; The numbers and qqalities of the graduate student bodies in
statisticS'varied widely and sometjmes puzzlingly betweew institutions, ,/
. We can only speculate ‘on the reasogs for- these variations BV
v " -':.". ... ’ “ . b . - 'ﬁ ~.
’§ome‘qrganizational probLems ’ L. e . :
[ . . .- . . . '
. L S ‘ - o
Theréhare three world-wide problems in the organization of
étatisf/cal vork.In a ugiversity? K . < . i ®
' a) how should the service teaching of statistics Be’handled o
- - A ~
< by, what arrangements are appropriate:for discussion gf--and joint
.. ’ work in the applications of statistics as they arise in, the
" " 'nresearch of faculty and.gradyate studerts in other departments
’ . : on the campus, e, .
. . ) 1 -
< e 1)) should statis cfans be within a department of mathematics of
o o in-a Separate epartment or in several departments. ‘
- . N » f . !
T . Excepu-iﬂ so far as gtaduate cdurses ‘are conterned, problem -
(a) is outside our terms of reference. Nevertheless the subjett {s so
T important thaﬁ/we make some commeritss  Similar .remarks are’relevant to
N “computer science: and to the teaching of wathematics; 'see section II!E
-» . Statistics can be taught to students ia a. particular field by’ vari ‘
kinds of teachers, listed berw in decreasingdordei of preference.
. .7 . '1) a statistlcian with ‘a substantiai experience of app11Cations -
5 ) ) in that-ﬁield » . . .
. . % . ! A .
. '_. ii) by a worker in the field, with a sound knowledge of statistical
., : technique and in close tﬁteLlectual contact with‘statisticians'
\ . e \ 0
[ b * ’ - ? ,;-_1;,-'
. . .- . r . oe
* . ' 1(» \ :
) \ - }\ai
Q . . . . .
I -

" 2 " ‘. N .
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. . ' o .
. 1ii) By a stétistigian'familiér with other applications, but no¥
: . " special knowledge closg to the field ih question; g .
- . 2 . ”

€, i, .
[ . L - . »
‘. A

. Lo iv)u by é'pure‘theo}ist not invglved in°applicatioms;

1 .

PR 4

) . ¥) . by a yorker in the field with ah'inadeqﬁate knowledge of
. statistical iddfs. .' .+ ° ‘ ’ R

a

»
. . L ' . , ' N .
‘ ) « . Whileimu’mstt depend on ‘the merits of. the individual teacher, ,
. T we regard (i)ias:i eal,, (Ii).aadi(i}i§ as_normally, entirely satisfactory,(*

' ]
[ - N
v

One_solution is-that of joint appointments; it is of course

I essential that people so appointed should get fair promotion and tendre

’ + treatment. Another pbésib&lityAis that of_ appointment to a central =~ . °

.- ~ + statistical group with specificf%ommitment to applications iqibne oy more

fields.— We recognize that,f;om'the point’ of view.of departments or .

, .facﬁltie? having to give up scarce resowrces to support a central statistical
group it may well be .financially moye immediately attraciive to retain the
teaching within their own department.- -Very oftem, howéveP, we believe that

- "maintenance of "academic standards and gyerall efficiency will favour central

* * appointments and-we trust ;haf deans will give' this point’ fair consideratior.

.

. " These remarks have relevance to areas otper‘thqn statistics.,’They L
‘:- are rel’evantio to the second broad problem, that of statistical consulting.”
We were yery d to see that somé Ontario university statistics groups, - '
have formally &%tablished subgroups to ca&rry out collaborative research
witHQfacuLgy and .students "in othen, departments. Such groups should
ff '  be strongly encouraged. They provide excellent t:afhing“for‘students, , -
motivatidn and stimulation for faculty ‘and qtuzzzzs, opportugities for,

~
°
.

campus#wide comminitation cand integration as wall as contributing to their
_ immediate objective. We ‘consider it extremely ortant that even if
- such hglp is loosely organized ad‘quafe financial‘éupggg; should be granted. .

”

. =Xhe final 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 degreeswork that are totally appropriate for pure mathematics but less
universally applicable in:more 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 somgwhat lukewarm attitude B
to collaborative work with other departments.  Provided these difficulties
< are controlled, we see sdli&tidvantages to statistics bding in a mathe-
* matics department with a substartial degree of autonomy over graduate .
. ~work. If There is a group of viable size and calibre, and such difficulties~
cannot bé resolved, a separate statistics department is normally to be
preferred. - -

- . . . .

— 0

(iv) as povr, and (v) as potentially disastrous. - - Lo . !

Y




University of Toronto

) . . ( »
We consider that major changes of ganization. are required if

r .
-\ statistics at Toronto is ¢ play a lqading :§TE~tﬁ—the province. . T
- . . Lo -
. . . .
We were very ‘favourably impyressed with the graduate students whom
we met. Further the group has an outstanding supervisor of research and “ -
a number of othet faculty of great ability. . .
) We consider, however, that:the range.of research topics for

studenys, should be broadened and that the links between work in theoretical
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 Flgure IT, Chapter I). o

”
]

A report has been prepared by Professor D. R. De.Lury on the
future in the University of .applied statistics and of the Institute of
\ Applied,Statistics (the report was not available at the time of the visit’ -
+ by the adVisors and consultants). e agree with the analysis in the report;
indeed many of the points would be very widely applicable to universities
throughout the world. We'agree in particular wlth f£he conclusion that the
Institute must either, expand ‘of "cease to exist in “ts present form. We
do, however, recommend very strongly thate.the future of applied statistics,
) shquld be considered in-°the context of statistics as a whole, and that -

greater merging of theory-and application should Be achieved. - T

¢ - LN
L)

, The setting up of a department of statistics is onq‘possible way
of attaining greater unity and sense of purpose in fﬁe staristidal work 5
. at Toronto; the formal organlzatlon is 1less imgprtant than the clari’!haﬁ-/ : -~
. tion of objectlyee .- . . ) ~ ‘
The)status of probability is sometimes advantdd as an argument
< against the.institution of a separate department, tatistjics. This
is ungonvincing. Although strength in probabllity 15 required irf both
pure.mathematics and statistical groups, there are many examples. of - .
successful collaborative arrangements’ 1nvolving probabiiists either in » -~ )
statistdcs or im‘mathematics departments,
» N ’
Comprehensive PhD requirements need review. Also there should *
be a regular statistics seminar involving coilaboration with York Unive¥sity.
\ . ‘ . 5 . . Vs .
Recommendation 20 . . -

-

. We recommend that: . - AL * 4
i) there® should be a reorganization as soon as possible of the ®
ey whole of-statistical work in the university; Lo B
ii) 1in the meantime the graduate programmes should continue,
iii) . there .should be a regular statistical seminar invélving ‘some . * -

collaboration with York University. ~ . )
i . . .




University of Waterloo ) : e
*

The Department of Statigtics at the niversjty d,!hatenloo is a
large, busy and productive group,wlth intelligdnt griduate students who
th1nk highly of their faculty Its progra eﬁrshow strong’ and 1maginative'
1nitiat1ve, and a sensible balance betweerd theory and applicatlon The'
faculty contains a number. of strong, highl% able people, but .its 'quality

*is very unevesn. N R N -
. v Thée is a large subgroup of the faculty dcing research on

various aspects of health_and ageing. # The orgapizatlon of experimental
work in the Faculty of Mathematjics is unusuai,‘and leads to a basic.
difficulty:.- that of maintaining high intelléctual standards for a group
of researchers not in intimate touch with thelr "home" dEpartnents of

b10chem1stry, etc. - » .
9 ‘ . e . ' =

“4

(8

v
~ At the time of qQur visits’ there was some wéakness in probabilityy
pure and applied. Although thistig important, 1€ new dpportunities for
faculty appointments arise, additional strength’in the théOry of statf*
should be sought. ) N *

tics

-

- The organization of intrauniversity-

should also be strengthened and proper academie credit given for such
work. - . . ¢ ’ -

-
° -

consultrng work in statistics»

Because of the strong biological work at the University of Gueiph,

there should be increased collaboration with the statisticians there; a
jointwcolloquium 1ncluding in’ addition. McMaster and Western, should'be
considered. - N )

.
/ . e '

- .
- . . / :\

Recommendation 21

- * . r'4
We recommend that: .

i) «current graduate programmes should be cont1nued and developed
« in the way proposed by the university;
1i) arrangements for "consulting" work with other departments

Carleton University

should be strengthened; there should. b increased collaboration
in particular with the University of“Gue}pH*and other nearby
univers1ties . . — ot

P

.

N

. .
o .
" ,

In general we found high morale, among both faculty and students,

-an impressivé programme in many ways, and intelligent,-energetic planning.

uneven.

-

- On the othet hand, the level of facuity scholarly quality is
There is excellence in probability, in sample surveys, and in some

o7

other areas of statistics; elsewhere in statistics, we find less vigor
in the ‘cbrcerned faculty members. We urge renewed attention to quality

in future decisions -about appointments. ) - - -

P
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. There has been careful thought and planning'about relations with
the federal government. .Clearly such connéctions have been féstered, and
inp ways we judge likely to be beneficial to all concérned. Specifically,
the nascent cooperative ‘programme, and the institution of sessional lecture-
"y ships, seem to us excellent initiatives. A strong statistics appointment

\1ﬁ\re1ated areas would surely be helpful to all concerned
13

There should be increased collaboration with the statisticians i "
at the University ©of Ottawa, both over graduate courses .and -for a joint"®

_seminar. . bt
, p . R ]
' . We are concerned at the apparently weak statistical-and probabilistic
f content of the ‘MSc programme in Information and -Systems Science. The '
programme has been favourably appraised fairly recently and we do not T it

recommend another external examination for the time being, internad rev1ew '
. of this aspect is, however, called for; see also the.computer science
report, section 11-D. - -~ ) \

1

-
F - »

-

RecoMmendatidh 22 ' )

. ~ T - - .. oy
. P - - e — - fa - » - .
. 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; . . <

b . iii) the rple of statisfichand probabllity in the MSc in'Information, *
: and Systems Sei fice should be given ‘an internal review;. -
- . “iv) ' there should increased collaboration w1th the statigticians

at the University of Ottawa. <

c -

- University of Ottawa - ! "
The new prgbability and statistics group*at the University of ’ .
Ottawa is small and so far without graduate students. It consists of i . :
f 'two statisticians with theoretical slants, one with an applied slant, f;x‘ i

and two probabilists; for its course structure it relies in part wpon . ¢

a shifting set of visitors, lecturers Jfrom outside, and help from other

segmenty/df the faculty’ . .
. It would be misieading to Judge the grot’on the.basis of a

single visit. The group as”a whole. is fot yet strdng, but_has promise.

Leaﬁerehip and direction atfe uncertain. We recommend ‘that the group be "

ye-examined in two or three years, with careful preliminaig*:ocumentation.

Relationships with Carleton Unjversity are properly much on the _, <::; /
minds‘ of the Ottawa group. We recommend fostering ané extending those DR
relationships in probability and statisti¢s. It is important also that

P the atatistical group in ‘the Department of Mathematics-keep alive
connéttions with other groups‘in ‘the University, notably in biostatistics
and management seience. :
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Recommendation 23

We ﬁecommend that: :
\ i) thd programme of the group should be appraised within three
- ‘ YeArs, .
: ii) there should be.increased collaBoratlon with statisticians

-at Carleton ‘University.

.
\

.
»

-

! . .
#Queen’s University . ,

/ toe
/ The faculty in statistics at Queen's are of good quality, they
/ are proceeding in a thoughtful, steady manner. . !
4 , :

/

L ‘ The STATLAB prov1des a‘Valuable statistical sérvice that might
well be imitated by other univer31ties. It is an integrating force for the
i statisticians and 4t provides educational opportunities for the students
27 » and research ﬂgtivation for the faculty. We hope»that the University will

- ~

. ! give strong support to its development. i -
‘ \‘ a-‘ .
’ " We are surprised pbﬁ to find more research i;¥§robability despite

. Queen's strength in neighbouring areas 'of mathematics. “~

There are not, and have not been, many doctoral students in’
statistics To avoid discouraging good students w1qh ‘keeriginterests in
;applicahle statistics, the statisticians should advertise théir strengths

¥ more w1dely, and the\depaftment should reV1se its breadth reéuirements.
poL The statistics group forms a coherent, effective set “with high
f/" morale and with good connections to statistical activities elsewhere on
) cgmpus. There should-be serious consideration of more autonomy for this

///éf "gfoup The possibilities range from a separate departments; through a semi-m'
“ -

. autonomous division of the Department of Mathematics, to such mild (yet ’
j!/ . important) moves as the shift in reqhirements'menbdoned above. - -
Of . - .
"; o ‘ e -t . R ’
] ., Recommendation 24 - V! ) ’ . N
i;; e We reconmgnd that i 4
L0, i) present, graduate programmes shpuld‘eoﬁtihue . 3
N ) ii) the STATLAB shodld be -strongly encouraged)

N - iii) the breadth requirements for, the PhD stiguld be reviewed P
’ iv) the statistics group should have ma¥e aatonomy.
< [ ’ 3

4 -

McMaster Universit K . . . ’
34 r - PR

Probability and statistics at McMaster are regrettably fragmepted
among the Departments of Matheﬁatics Applied Mathematics, and Clinical
Epideniology and BiOstatistics, “with a PhD obtainable only via the Depart-
ment‘of Pure Mathematics. Sharp differences of viey were appg;ent between

v i . » N 4

o . SR I 5 R .
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( when we visited in June; they did not appear strong.:

.- A-59

S
individuals in these groups.* It is essent1al ‘that thesé differences be
" fesolved and that a considerably more unified apptroach td teaching and
research in, statistics be adopted; students and faculty in*all groups will
suffer unt1l this is achieved. We do not feel that it womld be right to
offer more specific -suggestions on the basis of our brief visits.
difficulties are partly but not entirely egplicable in terms lashes
of personallty, and the choice of the appropriate individual or individuals:
to lead stat1st1cal work at McMaster is quite crucial.

As in many other Ontario universities, faculty quality is very
heterogeneous. Only a few ‘graduate students were avallable for 1nterv§ew
~ MSc theses were of
satlsfactory quality but narrow in scope. ° ) .

The Department of Cl;nical Ep1demiology and Biostatistics
"has been véry successful im its search for funds/and for space in the
medical complex. A statistician of internationally broad repute Has
recently been appointed and brings impressive- strength. Assessment of
the acgdemic strength of the work of the’ group as a whole is outs1leour

" a

terms of reference. ) r . .
. .
) » * - N P v ‘. . R
. Recommendation 25 - : /
; We recommend that:

.1) there ‘should be a reorgan1zat1on of statistical work 1nto
a‘more unified fo

ii) there should be an external reappraisal of work in prababil1ty .
amd statistics within three years; e
*'1ii) in the meantime tﬁ!spresent joint MSc‘programme and the PhD

. in probability under .pure mathematics should continue.

A

. L4

ﬁniversity of Western Qntario: Ca ,
- Ch() » !' . * . ’ R .

The University of Western Ontario has had a graduate programme
in statisties for 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. -

' . A . ' Vo 4 . ’ ’ i

. \ S~

Many of the graduate courses histed-in the calendar appear not
to be offerred in any_ given year; also there seems  to be no-substantial
‘course in probability, a serious weakness at the doctoral ].e\y Qpart1cu-
larly. .

The programme 1é split between two depertments (Mathematics and
Applied Mathematics) ; innovative teaching of elementary statistics-seems
to be primarily in the Social Science (entre. A consulting service exists,
wg¢ are glad to note, byt it is not yet firmly enough establ1shed to be a

1 substantial unifying educat1oaﬁl infldence. _ , i .

- oy . ,
.
. . . \

*
e,
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g In the recent paat, néarly‘ali doctoral theses have been super-
© vised by thée samé person. Many of' them seem not to have led to publication
in leading journals and we wére dissatisfied with their quality -judged s
~ a whole. We are notr satisfied that the best use of faculty resources has
> been made. There 1s‘€ubstantial scope for increased collaboration with
other universities. vt

-

! . L J
’ . -

. Fecommendat;on 26 ) . Cy ) — .

*

We recommend that there.should be an external appraisal of
the whole programme to e;&mine, in particular, the critic1sms
listed above.

A

- University of Windsor e S N
. ‘ -
‘ The probability and statistics gréup at the Universi'ty of Windsor
has good morale and generally sensible plans. The group rieeds” at' least
two strong researchyoriented additions to maintair a doctoral programme,
_— and of these at least one should have a serious commitment to applicable

statistics. With that, the group will form a’small, but coherent, division

‘ within the Department of Mathematitcs. ’ Y
P =, , . ) .
. s - There aré numerous and lively professional int®rrelationships

with faculty in other departments. Joint work with the Industrigl Research
Institdte - now beginning - should be encouraged and developed. . We note '
also an important demand for part-time graduate work in statistics. »We
talked with four graddate s{udents‘ and we received a generally —‘1ﬂth0ugh
not uniformly ~.good impression. ] PN
' A major criticism is that of appéreﬁéﬁy inadequate ‘ties and
’ cooperation with other universities. The Windsor faculty complained .of
its ‘isolation in.one cérner of the province, yet Waterloo and Western
‘Ontario are not that ‘distant., Perhaps more to the point, Wayne State
.id¢ nearby, and tbe University hf Michlgan is tfot far away. We recommend
closer cooperatjon yith nearby 'nstitutions in bothiCanada and the US.
One device. founﬁ\qseful at othe}
f Days with invitations to all neafby statisticians. are glad to note
from the unlversity s reply to the advisors report thit action glong
. these lines is be1ng taken.

. .
‘\“J ) N \". - N
\ . B
\ Recohmendation 27, . U
\\ ) ‘ ,Mecomend that: )
.\_' i) additional research-orient d appointments are essential
\ ii) the M8c and PhD programmes jhoyld continue as proposed;

.1ii) additional contact with oth niversities is very-important
and should be developed. \

Ontario unive);sitle i% that of Statisticsr

-
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University of Guelph

N

~

There is a small master S programme that should be cohitinued,

fostered and better adVertised in'view of the healthy atmosphere generated
by the applled research carried opt at the Un1vers1ty

‘are of high quallty

The\excellent seminar meets often.
be given to organizatipm of, a joint stat1st1cél colloqulum with McMaster,
f

Waterloo and Western.
L .

total volule~of overall research.

receive apprecfati

and credit.

cultural aﬁa biolagical problems.

to a greater extent.
' + ’

EX

Guelph is weak in’prob
the next facu

around the campy

be an essentia
. -

-

’Recommendation 28

1)
iii)

»

2

4 L]
. h

We recommend that:

ST ) ’ . . o
. iY , the master's programme continue 1n.accordance with the university's
X P‘laﬂ'!\/g ’

"there should be emphasis on biological statistics,
a new faculsy appointpént should put strong emphasis on
researc¢h and that the fields of applied probability and

ability.

L

‘

’

‘e

Mast8r's theses

‘Censideration should, hOWeVer,

1

1Guelph is ¢ s?&d to be the third largest Canadian university in
Clearly there; are at Guelph many research
~.and professional opportunltles for its statistics faculty and students.'
The faculty now do a lot of intracampus consulting for which they shauld
Interested doctoral students’ from Waterloo

might well be encouraged to work with Guelph faculty, especiglly on agri~
Biological statistics should be developéd

_Given the research in progress
Ppointment should preferably he in
applied probability, or'biological statistics; strength in resedrch should
requirgment in the ﬁerson appointed.

” (blologlcal statistics are particularly appropriate;

1%)

e
 York University

*
i\

Thé ﬁorale,at York was low-at the. time it was visite& because

hY

-

N

™

an 1nteruniversity seminar shguld be 1nst1tuted

’

.

‘of a 'recent increase in teathing load and the imminent departqre.of a

m———

‘valued colleague for an assistant pvofessorship elsewhere., ° -

York faculty has special strength in probability; although

0y

there is some‘valuable work in collaboration with the Institute for

Behavioural Res%arch, ther

Only a master's

v

L4 w  meeow L

»

1

4;gree may be awarded at prasent.
reasonablé’and feas1ble to 'develop thid programme £urthgr for part—tlme

e s @ serioUs géneral weakness in statistics.

It seems most

’
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hd .,

students gesuch asfhigh school teachers.and industrial dcientists. York :
should.sériously consider planning a specialized MSc in applied probability.

York is.strong in probability, whereas the Univgrsity of Toronto
1s not. Relations with the Univérsity of Toronto did nét seem nearly as
‘close as sthey could.or’should be. York faculty should .be given an opportunity,

when appropriate, to cooperate in supervising the research of doctoral N
students' at the University -of Torento. . Consideration. should be given to
.organizing a joint probability and staiistics colloquium. . N

/ e \
« Recommendation 29 ' . ’ .

A

We recommend that:

i) the part-time graduate. programme ‘at the master's level should
be further developq@ :
 1i) consideration should be given to a master's programme in
‘ - applied probability,

~iii) there should be’ subg}antially increased collaboration with -
o University of Torontbo. - o .
. .
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D. COMPUTER SCIENCE : : : /

.
- - -
.
.

I3

Introduction%*
w discipliné, and in Ontario (as else- -
where) the graduate.programmes y in tHeir choice of fields of spécializa-
tion. Toronto,and Waterloo eady offer both master's and doctoral degrees
in.all fields 11sted by ACAP. Most of the other un1versit1es offer, or '
-plan to offer, graduate programmes of a more speciallzed kind .mainly
° based on the research interests of a small group of faculty members. These -
programmes lean towards computer applicat1ons, systems engineering, and
3 ¥ hardware, rather, than td the theoretical sjde of the subject T
-y K
. It is not surpris1né1‘ﬁat uanity has seldom been achieved between
vocational or applied computing on the one hand, and academic or core
computer science on the other. Different universitiegphave met the dichotomy
* in different ways, and it is too early to'prescribe z};l solutions.

Computer* scfence is.

s
One conseé&ence 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
(mathematical sa are). We seé some danger of an isolation of computer .
| - -science from theTother areas in the._ athematical 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 v
Yo

/s -

. Because so many of the master's programmes will continue to .
be Speciallaed, graduate students entering the PhD programmes at Toronto -
and Waterloo’from other universities should normally expect to take <
P
additional courses to round out their background : k.

K * N P o T

—a

There appears to be ba reasonable balance between the nﬂﬁber of 2
. computer- science graduates and the jop market, both at the master's and ’
” doctoral levels. : Hence we recommend that attention be ®oncentrated on
N staying in.the forefront of current computing research amd “development, !
) rather than on growth or on the duplication of existing programmes.

- . . .
. . - . ;
3

Univerbigzyof Toronto. : . ) 3

a

The Department of Computer Science with the equivalent of about .
" 24 full-time faculty members and 10 or so visitors, is-among, the best half-
. dozen in North America. 1Its graduate- courses provide excellent coverage . ‘
.- , of all major' aspects of computing (including programming languages, systems,
numerical 4nalysis,-the theory of computation, computer architecture, graphics,
artificial intelligehce, and data ‘base and file management)

- -
~ [Y >t - . . »
. .

.
N ;o g
o

i ¢ - IS

The Introductlon is taken almost verbatim from the preamble of the
advisors' report. . ] - . . 4

! .
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[} . o , - ' . )
) The, current graduate student body, consisting of about 40 fufl-

time MSc*and 45 PhD students, seems tc be of good quality and is being well

trained and supervised. We understand that no major chafpes in emphasis
. or size«are being planned for the next" five years, and we do not recommend
,any.
facilities, we hope this can be remedied. We slso bope that, the computer
» sclence staff will be housed\together with the staff of the other mathe- -
matical sciences in_any new building, so as to foster continued interactién.
N . . ” -
- 8ince Waterloo has the'onl& other doctorsl programme in computer
science inm Ontario, cooperation between Toronto and Waterloo in .this area
seems called for. This would Help to avoid the wasteful duplication of
expeénsive faéllities. We also urge the Universi®y of Toronto to encourage
its graduqte students tog solicit’ research advice from 1eading experts in.
other Ontarlo universities, especially nearby York and Scarborpugh, and to
include such experts on its doctoral thesi§ committees Vhenever appropriate

' ’ ' v

Finally, having achieved a high level of quality, the University
ef Toronto must take specigl care to maintain it without stagnating du¥ing
a period of little ,growth. .Great care must Be exercised in ‘making new
tenure appgjntments 1if quality and dynamic flexibility are to be preserved
in this rapidly evolNing discipline. :

‘Recommendation 30 -

We recommend:

+i) the «continuation of the eicellent MSc and PHD programmes in -
, computer science at Toronfo; .
’ ii) an improvement in ig;era;&éve £acilit1es,
“—iii) {ncreased dttention to ¢ eration with jthe staff of other

¥ Ontario universities. N

o .,
, P .
.
.

’f P
Univelsity of Waterloo . )

k//NJ The _computer science depar§ment, with the equivalent of about

. 30 members of the fu¥l-time faculty glus visitors, cross—appointments, etc.,
is one of the best dozen or so in NoZth America. 1Its graduate courses

cover a wide range of topics, but th¢ department. is committed (probably
wisely) to only three research areas computer systems, numetical analysie,

0

and theory of comﬂuting, where it i& specially strong.

?
wi

. The high reputation ‘of thev
. of a number of individuals who combi
a high degree of practical know-how.
compilers constitute an especially. n

* computing facllities are smoothly rus
should define more clearly the rolesy
facilities. ’

R

epartment is due to its inclusion
originality with:scholarship and
The widely used WATFOR and WATFIV
able achievement, and the excellent
‘However, we think the university
f its two independent computing

, The main deficiency noticed was limited interactive Computing . -




T We also note with'approval the intention of the department to -
limf't the number of new graduate students entering the master's programme

- to thgt admitted this year. :Motreover, since so many able computé&r-oriented - s
. : undergraduatés go to Waterloo, we think that.a special effort must'be -
? * made not to starve other masger's programmes in Ontario, which might ¢
- ocqur 1f-an undue proportion of these undergraduaties stay on at Waterloo
* for their graduate training. As fam as doctoral. candidates are concerned,
] cooperation with Toronto in an- agreed upon admissions policy would seem - .
v desirablé . )
L . . -

We hope that limitations of size will make it possible to raise T
the minimum standards for admission, although we recognize that non-
. * academic qualifications.are very. important for most jobs. We sbrongly .
gndorse the dfientation 6f the master's programme tpowards. Jobs in business -
and 1ndustry For this reason, we~are-especially glad that the faculty
considers it unwise to jeopardize the guality of its doctoral programme
, by giving it a similar orientatjon. . . -

»

J
T ) i ‘v
Recommendation 31 .
> We recommend that Waterloo continue its graduate programmes,
. Pt " maintaining the size of the present graduate student body and L N
. ' ' ‘aimgng at higher.standards 1f possible. S
. . ) .
s . - - -

Carleton University A

bomputer science at 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 undergraduaé

. instruction in compufer,.programming and related topics. The master's degree
in most fields of computer science is already offered by one department or H
¢ the other"with coordination through a joint committee. A plan by the
two departments to mergé these efforts into a Joint MSc programme in
Information and Systems Science has reatched an advance stage, having been Y

approved by 0OCGS in June 1975 !

¢

The computer science progratme involves 5 faculty members from T
the Department of Mathematics, -mainly in mathematical software and the
theory of computation and 14 faculty members from Systems Engineeting, T
mainly in software systems, modelling and .computer communications. ''Most
faculty members have a record of published research and are currently .o L
_ holders of research grants, . .
’ ¥ - ‘o
L)
We Yo not doubt Carleton's competence to support a satisfactory
MSc programme along these 1ines, and indeed there are already about 40 .
graduate students enrolled 'in some aspect of oomputer sé¢ience, thred
‘= quarters of them Being part-time students. We are naturally relugtant
to criticize fﬁe format of a programme 50 recently exterrdally apprdised.
Nevertheless there are some aspects%that need further consideration‘“\

A
i
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’ Eegommendation 32

.
(%

-

One is that a closéwatch shduld be kept on academic and B
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 .programme -
should be reviewed. Next, &xpansion-in the -number ef—studeﬁts enrolled
will call for mére faculty and the president's letter gives no’ indication
that an.additional positj is likely to be available. Finally and most ==
Amportantly, there is th uestion 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 programme be

devedoped 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
wiil accept the challenge of working out a joint enterprise.

. .
) M ] o .

/
We recommend that: ’ o

1) the proposed interdepartmental MSc programme 1n‘T/formatiop and

Systems Science should be implemented; b
ii) some aspecséglf this programme should be SubJeEt 'to internal
E reyiew; d

iii) the discé@ssiotie~of long range pﬁqps ‘for developing a compre-
hensive joint programme of academic work in computer science
for the Ottawa arga should- continue under the auspices of a
representative Al committee,* KA
_1v) in three years time there should be an external appraisal Qi
the graduate programmes in computer sciegxe in these two
.wniversities. A k ‘

v
’ * i - -
5 b . .

»
University of Ottawa =

-

a2 -

The Department of Computer Science at the University of Ottawa
ddes not have a graduate programme at present, although some faculty
participate in the interdisciplinary programme in Geperal Systems. and
Information Sciences, or supervise graduate students from the Department
of Electrical _Engineering.’ T,

$
% The department has 7 full-time facully plus another 6 in.cross-
appointments, these latter contributing about tWo full—time equivalents.
Most of the £aculty hold‘researc? grants and have developed programmes
of personal research; the group is however a new one and this makes it

difficult to judge the quality and quantity of research produced.

- !Q R , ' .-
. The department has proposed an MSc programme specializing in
the areas of 1) mini-c0mputers and micro-computers (systems and applica-.
tions) and ii) system simulation*(methodology, modelling and software).

A

* : v '
The chairman of this committee should probably not be faeither Carleton
or the University of Ottawa. \ '
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HOWever, a similar prqgramme was not approved in a 1973 appraisal, and we think |
it would require at least_one new faculty member with 's,gbstantial publica- T
- . tion record to mak.e it v&able. N . & . :
v . - » \ ‘ €. . -
. ' On the. other ‘hand, we see .a‘real need for‘_graduate\ 6urses '
+ attractive to francophone students in Ontario, this, is not jusj a question
< . ,of the language of fprmal instruction, but also of the availabjl ty of
a3 supervisors conversing in the "language of the student. Another/special
. . need in the Ottawa +area is, for wide-rangingginstruction in ¢ uter -
’ science with special attention to the needs of part-time students.

e

. We have already discussed this in‘ connection with Carleton‘ .
+University, and repeat our recommendation that Carleton* a?d the University
of Ottawa develop a ‘comprehensive programme of study in c mputer sciefce o
for the Ottawa atrea. This should,We think, be a. definite ACAP %e}qm-

\

. i : po—
. ) mendation./l . ) '. . Q . . ,
" ' -N . i i )"\ ) !
. Recommendation: .33 S . | ’ — , ® - .

B Y v e He Tecommend' ’

t, . res D) defeﬁ'ing the establishment of a néw master's programme at

- . the }Jniversity of Ottawa; )
ii) that the discussions of long range plans for aeveloping
a comprehensive joint programme of academic work in tomputer
. o " . .science for ‘the Ottawa area should continue under the_ auspices -~ . >
- . - «of a repregentative ACAP committee;* S ‘
¢ o vii1) an.fresulting proposal should be submitted for appraisal

~ *

]

—

" Queen's University : . : ‘
-~ . T oo - - - .

. The ¢omputer science department has 11 facuity members whose

fields of compefenge cover the, subject. There is a quite comprehensive

MSc programme  with about 35 students, about half of them being' part-time.

There iss.‘ua1 1ly a thesis, the-main component of ®hich is a major' program-’

v ', 'ming proYgct. Theses seemed of rather uneverf«q,uality Employment~pro¢ggct,s
e for gradudtes appear very good; irdeed one of the department s probléms"
is jthat of “students who leave before completing their thesis. "This .is
. o -.a sound prog'ramme and we have no doubt that it should comtinue. .oy "

- The department would lthroduce a PhD .programme beginning fos
in 1978 and. in the filelds of progr g?languages, software systems a
) data managempent and ‘information retrieval and applications -related t . 2
- ' these. Taken as a whole, however, the rqgearch output of- the department - .
'S‘ in these fields is. not™yet impressiye. ‘ Greater activity is evident+in - .
] . mathematical softwake and in the special applications that attracted
o staff into computzz:f:cience in the first place.’ On‘ly a minority of the .
“ faculty have published more than one paper on computer science in a - o R

. refe*gd jourmal. e . ‘ .o

£

¢

|‘ “ -
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’ The cHairman of #his committee should probably not’ be from eithg'r Car}\‘eton EE
) Q or the, &-xiversity of Ottawa. .
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The plans of the department call for the' addition of two mem‘ers -

of faculty over the nmext 5-7 years.to support the proposed expansion e

agree that, with the present important commitment to the\MSc programme,

this expans1on is the minimum @%cessary for a PhD programme. We note that >

the principal's letter of }une 1975, nowhere refers to such expansion.
Faurther, there is no §trong evidence for the need foréa third

PhD programme in ‘Ontario in “these . fields, at least at present.

s These considerations have convinced us that it would be premature -
for Queen's to work'on a PhD prpgramme now, and that its computer stience
«faculty should devote their efforts instead to their own research and to
strengthening the MSc progradfjje. 1In anbther’3 to,5 years, it would seem

, timely to reconsider the desi;ability of supplemqqting the strong existing
PhD programmes in computer science at Toronto and Waterloo by other, more
specialized PhD programmes. b -

>

«

N ‘&ﬂzﬁg- ' ] \

Recbmmendation 34

”

»

We recommend thacaﬁueen s give attention to continuing to
. N strengthen its MSc"prograﬂme, before proceeding further with
- ~ plans for a PhD pregramme. . -

-

McMaster Univegsiiz

The existing MSc programme in co&putatlon; established in
1971, emphasizes numerical ﬁnalysis and optimization. Of the 10 faculty
members,- fodr are cross-appointments; five have a PhD in physics. Only
- one.faculty member appears’to hm§§V? strong ‘interest in theoretical
computer science as such. : - )
. -3 o - - -

’ " As an i rdisciplinary programme, drawing students from non-
mathematical’ depaE!genfs,.we feel that the present programme may well
attract enough Canadian students ‘to be viable. Also, faculty research
in optimization and numegicdl mathematics may be reinforced by substantial

research strength in thege fieldsin chemigal and electrical engineering.

-~ However, it would certainly be desirable to have at least one more faculty .

mefiber actively working on central problems in computer science.

[] - x‘gj

Recsmmendation 35 o - s ‘

e L - = .',

Ve recqmmend that the existing'MSc programre be continued

but that its adequacy ®ith respect to core subJects in computer ,
science’be reviewed internally wheneuer a new faculty appoint-
.ment is made . '




University of Western Ontario

* ' There is at present an MSc programqe‘in the-Department of‘Computer

Science with 17 full-time students. It has been very successful in pre-
paring students. for cateers if’ business_and industry.. It should certainly
continrue on the present scale, but we think that raising admission standards
would be more desirable than increasing the enrolment to the extent projected.
3 .
The department would like to introduce a PhD in a limited numbef ‘//f—’

of ‘fields: machine intelligence, operating systems. and data structures.

. An important research tool would be an Interdata 7/32 computer with a
TV camera, recently obtained by a major equipment granfp?rom NRC. This
proposal has the favourable feature that the challenging field of machine *
visionsis not a specialty of any other Ontario university;, moreover the
DECsysjem 10 at the Computing Centre is particularlxuwell suiged to -
research in artificial intelligence.

“ However we do. not feel that the }esearch record of the department *
as a whole is st"ng 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 studentsf and those exceptional
research assistants qua11f1ed for a PhD in computePscience could well

obtain the degree under’ a cooperative arrangement with the Universities

of Waterloo and Toronto. .
s

Recommendation 36

.-
? - -

We there'fore recommend the' continuation of the MSc programme

without qualifjcation,.but we thirnk thar the proposal for a
PhD 'in computeéagzienfe should be deferred. : '

&

University of Guelph . . '
P .
Since.the Unfversity has withdrawn itsiproposal for .a graduate
» sprogramme in computer science, no report is Trequired urder ACAP guidelines.
' However, we wish to express our agreement with the chairman's agsessment
that the potential enrolment in such a programme would be too small to
justify the effort., The proximity of Guelph to Waterloo suggests that
this situation may not change. . \ L
At the same. time we hope tha® the several faculty members
having‘research interests in .the practical aspects of datz _processing
stressed in the good undergradudte programme, data management ﬁsimulation,
sof tware system§, and business -programming languages (CQBOL and PL/1), - .
can cooperate ih supervising graduate students in other departments or
other universities. ./ o ‘ . : .

We also suggest that, even though the area of specialty is software

engineering rather than theoretigal computer’ science, an appointment on the
-

- e
.
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theoretical side might improve the baiance~of-ény sﬁch‘programmé, as

well- as adding strength to the present undergraduate programme.
% ’ ,
No formal recommendation is callgd;for.

L

» Lakehead Univefsity ~ ) »

-
L

. "The University is evol¢ing a proposal for an interdisciplinary
MSc programme in applied computer science sp‘hsored by groups in- the
departments of mathematics, engineering and business. The primary aim
would be regional service. . ) ' . -

< -t
.

The proposed programme would be run by nine.faculty members
from the three departments concerned, mostly on a part-time basis and
this is perhaps the equivalent of four full-time faculty. In addition,
there is some étiength in numerical analysis in the Départment 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 additionalaspost 41f the progyamme i§
funded. . - . - '

- ® -
- - PR
A4

Since we have not been asked to assess the programme being
worked out, we have not_done so, However, we do wish to point out the
- relevance of two of the general obserwations made in Chapter I: the
need to attract enough qualified Canadian students tb make an MSc
programme. viable,- and th& importance of leaving the facultyt enough free
‘time to be active in research. -

[ - -

-

-

No recommendation seems call;d for, since -any formal proposal
. would be subject to appraisal in any case. ’

. 7 ’ . . _ .
York University W ‘ - * . ) .
. ‘ ' ’
York does not have a graduate programme in computer science now,
but hopes to have one withifi two or three years if approval can be obtained.
_A tentative proposal- for an MSc programme was discusged with the ACAP .

advisors, and is now being reVvised in_the }i%ht of this discussion.

The group ih the deparﬁment‘who'have been trying to draft a
goQd-proposal are enthusiastic, but none has yet -shown great strength®
in research. Partly for this reason, we think thdt, 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 possibility

- 'would-be an'MSc programme aimed at part~time studengs, partially,duplicating

courses given at Toronto. Another would be occasipnal participétion by'
York .faeulty in the work at Scarborbdugh. S -

1 4 - ' '
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‘Recgmmendation 37

i)

i1)

« — - .
A-71
7 v .
! -,
We recommend. that. C- ’

any proposal put forward for detailed appraisal should. specify
the collaboration involved with the Univeréity of Toronto;
before a proposal is put forward for an independent pnogramme,
tvo new faculty. app01ntments should be ‘made.
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) ' : CHAPTER III .

f

\ GENERAL CONCLUSIONS, AND RECOMMENDATIONS T,
.o ] R . , \
) 1

“~

‘1. Introduction T~ B \\\\\\\\vi'
. - : - _ 4

3 In this part of our report we draw together our discussion of
and recommendatrqns about some general issues. There is some overlap
with the earlier parts of the report. “Jhe p01nts come under three broad
headings: collaboration betweent universities (section ITI=<2, 111~ 3,
and III- matters connected with specific mathematical ‘or a&ademlc
issues Lse tions III- 5, I11-6, I1I-7, III-8); and matters more of an
administratde or service nature (sectidns III-9, III-10, III-11, III-12).
Our iscuss1on has to be taken in the context of the important recommenda—
tion in section I-6 that the number of PKDs awarded each year in the\mathe—

. matical sciences should be approximately 4Q, 10 for each area.

.

Rk ' ‘ ’ 4
' ' * < A -
2. Interuniversity arramgements T *
: . In our detailed reoggtgndatlons for individual universities we
‘have mentioned a few special es where incregsed collaboration over .

course work is desirable. Here we'difcuss some of the wider issues involveéd.
First. spme general points need to be made. ;

We applaud the appreciable ooitqporhtion that alread& takes
placei notably in arranging such events’as "algebra days“_and id joint
arrdngements for visitlng seminar speakers. In suggesting the need for.
'further collaboration we appreciate the ‘difficulties invodved-and the
suggeStions that follow are intended for implementation by mutual agree-
ment among faculty memberg' suth an atrangement is much-more likely to be
effective than one 1mposed by an outside body.
. . We realize*that chairmen of departments meet informally. We
suggest a rather more formal arrangement to examine mafté;s of mutpal
interest, an 1nteruniversi€y committee of the aibhﬁﬁatical Sciencesg -
possibly the ACAP Discipline Group. This could§ we hope with the minimm .
of administrative formality, deal with a number of matters of mutual concern,,
some li%ted below. The committee uld require subsectionms.for the four -
areas; at most, tw0'peopld from cdzouniversity should attend any given
subsection meeting " . s ~

[} q'

The interuniversity committee would we suégest, deal with the

following things, among others: x .

i) libfary ﬁatters (see segtiof III-10), -and

[y

-
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1i) the preparation at-least every two years of a booklet about
graduate. work in Ontari¢ in the mathgmatical sciences (see
recommendation 38). The bdoklet should contain general advice
and information to potential graduate students, information
about fields of study (see section III-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 Ontario and we hOpe ‘throughout Canada and
1nternationally ) Clen "

-~
’

There are &wo other important issues connected with interuniversity
collaboratMon. 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 can be the research
supervisor of a student elsewhere, but we appreciat§nthat this is bound
to be a fairly exceptional arrangement We conside however, that the .
advisory-committee for the work of every research student should contain
At _least one person from angther- university. Where that person is
principal advisor there shpould be contact With the student's work
every six months. We' see this as a way--of using the appreciab &xpertise
at universities with small numbers of research gstudents and, equally imper-
tantly, of giving younger f ty members at such universities some experience
of research supervision. '

Finally we point jout the possible adwantages 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 etther university. '\\N‘\

Arrangements for’joint semindrs and for exchange of information
about visitors should be systematized. Also arrangements should be encouraged
for students, especially doctoral students nedr the end of their work, to
megt fellow students from other.universities for discussion of their work.

* Jour impression is that while students sometimes travel to othey universities‘
to hear visiting seminar talks, they rather rarely have useful scientific
contact with students from other universities. B

A '
Recomnendation 38
e We recommend that: .F
.a suitable interuniversity committee af the mathématical sciences/,
‘ should . :
i) produce every ‘two yeérs a booklet describing praduate work in ‘
the mathematical gciences in Ontario; - .

ii) review library matters of joint interest;
iii) ensure 'that advisory—commlttegpﬁbf research students coﬁ?ain
at least one member from another un1versity,

X
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+ .iv) ensure that arrangements are universal whereby a research student
at one.university is permitted to have as his principal advisor

3. Critical size of programmes

|

i

1 . The\ACAP specification calls for general discussion of the. size
i of programmes and we turn to this now; it has a direct bearing on ‘the

| Telations between universities and interuniversity collaboration. The °

| considerations are somewhat different for master's'programmes. involving .

? much\course work and for doctoral programmes, where quality of the research

, supervision is of overwhelming importance. o

: -7 - \

, . 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 wog& in pure and applied mathematics
and in statistics.

There is no 'reason in principle why research of distinction
sheuld not be done by a research student working as the sole research

i student 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 quality of faculty, supervision provided is the crucial
thing, especially in so far as it- affects the choice 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 departmentsiwith small
total nu?Pers of graduate students, but, there are in®such departments .
cogpensatiing aspects of increased breadth, arising also from increased, -
contacts with students-‘in other branches of matbematics. We must report
also that more than once in our visits we heard very eloquent defenceés
of small departments from students who had been graduate students earIier
in largetr departments; of course, this does not prove that their training
was better in the smaller department!

However, we have no doubt that by and large, in al the’areas,

and taking a world-wide view, the most significant work is done by dtudents
working in éentres where there are appreciable numbers of students and
faculty active in research in the topic 1n question. The location of these
key centres can, however, shift quite rapidly, a fact which is itself
another argumpnﬁ against a rigid allocation of research students to'a few
centres; at least any such allocation would need frequent review. See
also our <comments -in section II-B on rapid changes of interest within
applied mathematics. : *

r

To summarize, we consider that most research students should
work in centres where there are an appreciable number, five or more
research studeits in their area, but that other departments with,tRe
facilities to provide programmes of the necessary quality should not be .

/barred from doing so. It is important and 3just that students choosing

- their university of study should be aware ®f the issues involved- Further,

. -

‘a facul tglmember fgom another universtty. - o

L

o,
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) where a student is on his own, or one of a very small group, the department
should be under a strong obligation to ensure contact with other universities,

attendance at seminars, etc, - - ‘ . «
-

« ' 4 L4 N

The postgraduate booklet (see section L{II-2) should therefore

contain a prominent ‘statement similar to the following: "It is entirely
’ .possible for a student to obtain guidance ¢f distinction within departments
with a'very smell number of graduate students. Nevertheless it is true
internationally that most research work of high quality 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. Sach an environ- |
WV ment, at its best, produces an invigorating atmosphere, including discussion
between students working on related problems and a good choice of ra‘evant

course work.™ - .

-

_ Some but not all_of the above ‘discussion applies also to master's
programmes, in which the course work element is‘qredominant\ There, however,
it is not economically viable to mount a thorough programme of course work
within an area without a good number of students. We have made comments,
where appropriate, on ind%v1dual universities in Chapter II. -

T L, | ' /-
< - si . 4 ) ) .,
Recommendation’ 39 * : )?
" Lo We recommend that the‘postgrad te booklet should show the . - e
numbers of master's and doctoraldstudents working in each =
university in the various areas, and shoyld contain a
i prominent statement that the sizé of the group/is a rele- .
. vant consgderation,in decidinp where to apply. ‘
: -5 .
AN ¢ i
.~ . 4. "Movement-of students between universities - ,
,
' Students choose their unlversity of study on a variety of
grounds. We recognize, of coursey,- 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 continude the doctoral work with an advisor whose work has interested
. them at undergraduate or mastcr's level: WNevertheless ghe academic and

. personal arguments for not doing all three of undergraduate master's and
doctoral work in the same place are¢Btrong.

-

+ R P - . -
’ In most’ cases a- move\should be made at the start of. postgradyate
. - waork. ‘We appreciate the difficulties of effective action on this. Financial
incentives to students to move universities can-be envisaged However, oo

there are special ,fields where the expertise for supervision of research may
be concentrated in one university.
- - L4

o—
- .
- »
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4 l .-
Recommendation 40 ) .

v We recommend that: ’ . v
-~ 1) ‘the booklet on graduate work should contain a strong statement
- <about the advantages of having worked in more than one university;
ii) those advisifig fourth year undergraduates should feel obliged to * *
* point out the advantages of a move; .
iii) the interuniversity committee should produce and circulate each e
’ year statistics for-each uniyersity of the numbers of ‘Caradian
and non-Canadian master's and doctoral Students registered and
the number of those who have studied only at the university in -
question. .

’
- «, 2
’ -

S. Part-time students

o . . -
. - A

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 scienced is inevitably special-
_ized, calls for very concentrated work; and therefore the role of courses -

for part-time students is largely limited to situations where there is -
_ substantigl connection with the Students' employment®™ We see liowever a ‘
_ very important role for part-time master's courses in statistics and..

computer science and in appropriate fields, for school teachers. We were

glad to see proposals/for such courses, ‘from the main populatio res.

" We have the’ following general comm&nts.

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.

v -
b) Some courses for school teachers should include statistics and
4 computing. There ‘is 1ike1y eventually to be considerable scope )
. for imaginative teaching of these in schools, given suitany
o qualifdfed teachers. . g A .
' ‘c) In particular areas there may be scope for more specializeJ master 8
- work for example: in actyarial science. '
¢ A ‘ { .

'd) There_may be some demand for short intensive "post-experience" T
courses on gpecialized topics for workers in industry,fgovernment 2
and business, but we take discussion of these as outside the terms
of reference of the present report. ., - .

€) We have seen no proposals for doctoral work, based solely on *

- . part-time_study, and we do not wish to encaurage any. »

i
WJ e
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Recommendation 41 ‘ . ‘ ' L ~

-

We recommend that' ‘ ‘e
" 1) part-time master's courses 1nclud1ng statistrCS and computer -
science should-be encouraged in the main population centres., -
. . . They should be at the same academic standafd as corresponding
coburses for full-time students;’
i1) courses for school teachers should be broad and also include the
‘ opportunity ‘to study statistics and computing.

+

*

6. Mathematical work in otherAﬂepartments‘

3 . ' - . -
f - .

i .
A recurring theme discussed in section II-B, applied mathematics’
and in section II-C, statistics: hds been the difficulEy in assessing the !
amount and quality of mathematical work in other departments, most notably )
but by no means entir , in departments of physics and engineering. In .
wour visits to universit es we heard of many examples of such work and of
encouraging collaboration between mathematicians in various departments.:
. Joint programmes are an ax ellent idea but difficult to administer. There
is need also for small meetings of scientists in fields with relatively (
.novel mathematical problems together with mathematicians with a variety
of special ifiterggts. As explained in section II-B such activities are- « »
especially deeirabie to invigorate applied mathematics. ’ ‘

1 ~

£ — —
' Recommendation 42 . ~

We recommend -that regulations allowing joint supervision:e£—’
research students by staff in more than one faculty should
be encouraged ’ .

-

-

-.-7. Comprehensive doctoral requirements

“f

o

ssentially
for resgearch,

— Preliminary qualification for doctoral "eandida
two parts. ,The first; concerned with the special field

raises no general issues. - The second, the estaBlishme mathe-- - g

matical educatien, does raise somesawkward points, espe or students - -

in the more applied subjects. ° .- N
La " ) v

It is excellent that some students working in numerical analysis,
statistics, applied probability, the mathematics of operations research,
etc., should have a good knowledge of topics of pure mathematics not
commonly used in the field propesed for research.- It.is at least equally
important that many students even if working in very theoretdcal areas,
should have non-superficial experience of applications; students working .
on the numerical solution of partial differential equations should know
som@thing _about some aspects of continuum physigs, We ‘are concerned that .

the gener comprehensive requirements are sometimes those for work in
pure mathemqtics, regardless of the ultimate field of reséarch; in other .-
- <[ M

Tj - < ’ . ' e ' 1 ‘4

- . ) » .




cases the requirements may be too :‘w

appf?%d mathematics. Of course, we’-o not suggest that every thesis

in more applied areas has to be judged by its immedtate usefulness in v
applications. We suggest a more fL?xible and interdisciplinary content

"in the comprehensive requirements. TJ

We think also, both om sc tific grounds and on grounds of
social usefulness, that graduate stuents in pure mathematics should be _.
advised to follow at least one applil@@ topic to a reasonably advancéd

level (see section II-A). e . -

¢
L]

Recommendation 43 ’ . .

4 T

* ) *
. We recommend that:

i) comprehens1ve/¢equ1rements for students in applied subjects
“ should besbrgader and more fléxible. They should include the
possibilities, both of studying pure mathematics to an advaneed
- level and of making a deep study of applications,
ii) graduate students in pure mathematics should be advised
to study Some applied topic. .

.
. .
4 ’

8. Topics for research

. 1 ’

We conS1der the, general bafance that has been reached 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 tfris. The following comments refer\rather to the choice of particular
topics and fields within the four areas.’ . . o .

L] 1]

Mathematical work is very specialized and we ddé not think it
at all necessary that the balance of subjects studied by research- students
in Ontario should conform to world-wide interests. Ngvertheless it {is
undesirable that appreciable:proportions of students : shqpld work in ‘very
narrow fields this applies particularly to pure mathematics, “but te 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
,fru1tful employment . ’

e - PR . - -

°

We do not favour the imposition of rigid quotas for numbers of
students entering the various special topics,- although we have in Chapter IT
indicaged Sirable numbers of doctoral sfudents in-the.four areas. We do, ’
’however, think that it is right fotr faculty and potential research-students

to know how many students are, in the varibus special topics over the province. =
The number of students in the various areas should be monitored by the inter-
university committee. ’ .

s

Yo

. The ACAP reQuirements ‘specifically ask for comments ofi topics ,
’lnadequately c¢overed. This is difficult to assess, particularly because ‘
-in say, ten years, there can be appreciable changes of emphasis, both

in the drch interests of particular individuals and departmenth and .

.

: o _ 13+, . ‘
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in the fields in which internationally the most exciting work is bein% ©
done. This 1s particularly relevant in applied mathematics; see secEipn
II-B. * '
—s : - - *ﬁ‘
There is‘some weaknegs over the province in abplied probability
and this i# 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 management science' and_engineering departments,and that isolated individuals

in mathematics departments have very useful involvement in .such work. We
found, for example, no place where the statlstical aspects of simulation |
are-studted despite their wide importance .

v
The absence of a strong group in a mathematics department

interested in both deterministic and s$tochastic control theory is striking.
Again we were unable to see in detail work in engineering departments.

We were glad to see developing in several universifies an interest
in mathematical biology, including ecology. Again the deterministic aspects
séemed- to pra inate over the stochastic. - While we had not the time fo
discuss this ibh detail, we wonder whether the deep level of colltaberation
between mathematicians and biologists necessary for such work to be
scientifically fruitfﬁl—is—wtdeiy’appreciated hore-joint work between
mathematice and biolegy cdepartmerite at tbe undérgraduate level may be’
required to prcduce research students with the right background: see
‘section ITI.g Review of comprehensive foctofal requirements to‘fosber
jeint werk is also important; see- -section ITI-7. )

* We consider that there ‘should be moreyemphasis on the unified
study cf rumerica). mathematics. We realize that it-ie argusble that
th;s subject js best regardea as a series of more or, less unrelated
parts, .primarily

AN
. numerical linear algebra " '
numérical soluticn of ordinary differential equations
uumerical solution of partial differential equations
- numerical solution of integral eguations
- — numerical optimizatloﬂ
: numerical analytical aspects cf statistics

L4

4a

7
but we feel that some 3nfty should be-aimed at especially in %eaching, buf -
also in stremgthering research. . ) -
We found no ‘Strong centre ci wark on the c.omputational aspects
of statistics. . ;
. N ",f“
The ACAP investigation hgs been based on a somevwhat. ertificial
division intc four areas. . The need for individuele to rbange interests
usually but not necessarily from the relatively pure.to the relatively

Y - 13,
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9. Administrative matters - ' : / ’

__in medicine.

_training of students.

N ) “ N A“Bb ) ) . -

. - e

applied s widely recognized and we were glad to see such shiftS\of '
ipterest among faculty being encouraged in many departments We have :no

s ecific recommendations about how such- changes aredyb be further helped;-
but note the following groups of subjects where increased mi§ing of ideas .
and- specialities is likely to be fruitful;

1 G .

'prgb2§?lity - functional gnalysis; . ' S !
statistics, and applied stochastic processes - numerical analysis; ~—°
deterministic problems in mathematical biology, as treated by

exberts in differential equatibns, etc. — stochastic problems;

,algebra - 'mathematical biology; ‘ B .o
applied mathematlcs - computer science. : .
v . ( . .

. We make no specific recommendations on the ‘detailed topics just
discussed; see, however, the general recommendations ‘on applied mathematics,-
section II-B. To codplete the section we restress the importance ¢%¥ making
relevant information on fields of activity widely avallable.

\

(53

&

Ret:onnnerxdatjon 44
) We recommend that:
i) the interuniversity committee should every few’ years teview topics
of especial promise in which fewer students are working than’is
. desirable, the objective being a Shlft of emphasis from.thesis -
-+ fopics of a highly specialized character to those of a% %roader .
and 1nterdisciplinary kind; - k :
ii) the interuniversity committee should provide in the graduate T
‘booklet information both on the numbers of completed-theses,

for each of the main special topics, and on thesis titles and:

;Supervisors - .

e
’ ‘

. <
H N

. - s

, S
u T ‘ i
;While addministrative matters as such are cutside odr terms.of
reference, some brief comments are in order. These concern a) arrangements-
between different faculties b) general financial Errangemgnts between

.departments within thé mathematical sciences, and c) azfangéments within :
departments. * o Y y

v, 9

Mathematics is in some senses intermediate betwejt the Faculty
of Arts and the Faculty of Sciences, computer science 1s intermediate ° oY
between the Faculty of.Science and the Faculty.of Engineering} there. arq
wide applicatjons of mathematics in engineering and increasing interests -
It was our impression at more than one university that
overrigid distinctions between ﬁaculties inhibited cooperation in ‘the *
Further, some faculty believe that money is aklocated

. . . - ’
- * -

\ - . :
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'10. Libewaries,

~

.- ’to examine the important issues of Mbrary financi ncluding the ,propor-
g .

- Th¥re arg the following more ‘detailed comm nts: :
- - ,\\\__\2

standards. above be11ef whethe'r true or not, can inhibit negded . v -
y collaborat 1on. - . -
o . ’ ’ e

to departmgnts rigidly oh the basis of BIU's in different ways.for
different faculties, though we had a strong positive impression of deans
aqhxn.e?ty to ensure fair d¥fstribution of reseggces and high academic

On b),- there is no s1ng1e answer to-the queStion whether therd®
sl';ould be separate departments of pure mathematics, appg.ied mathematﬁs,
statistics -and computer scienceg flexibi1lity and variee’y ~should prevail
and the’ size of the groups is important. Neverthel'ess we are very conceyned

A\ .

& situations where students especially in numerical analygsis, applied
analysis, probability and statistics nh in ome of two 3r more, depart~ ]
-ments dand, ‘depending on their department, are subject to quite different . -
regulationﬂ,and separated from students with g;imilar intergsts. We have "
commented' individually on some specific instances where the departmenta]. . s
structure needs recons1deration. - .

- L 8 Al

., T As regards c), fncerning individual departments, it will be

apprec1a,ted thap we spent %00 short:a time in any®mne départment to comment
senslbly on the administrative arrangements. We report; however, a’ ge,neral
impression that excessive time is spent in committee.work.- | Fairnesd’
demands that %omeone doing‘a large amount of ad\n;inistration should, if .
;{ey w1sh have & somewhat reduced teaching loa¥d, but such allowances - (

. *should, in bur . opinion be confined to g,very few peSple in each department.

Special recognition ‘and egcouragement of research contributi,ons is more
important, und ways of doi :

L

The or_1g1na1 ACAP proposal called for ort. by a speél ,

li‘brary adwisor. Therefore, on their- visitd to thé o versit1es, the -
mathematics alvisors and copsultants configed eirlmvestigation of o
11brary facilities to brief visily liprariks and to questions to " LN '.‘
faculty and students. In fact, Jllese vis{te were complete ACAP - « "

"a speq1a1 library advisor and tu, relml the visits already made. Thus

.the’ following comments are made -after a much le'ss thotough study than was

first 1ntended Ve werg, of course, in the time a ailable quite unable _ a
tionvef library funds spent op books-and journals. ' ) . ,

Our main general conclusion«is that in al1 universities visited

‘_ .a hig'ﬁ generarkstandard of library service. appearedd to be avaiLable. =

, 4 . . _ . L o
’ . ~ 1 '

\ a) The dnterlibrary loan' servme is effective", althomg th@r:were . o
- - complaints from some unive:'sities}, especially from students, . ¥
# about slowness. We.were not able to' investigate these ‘complaffits, ,

'. } but we consider that department':s should provide some mec
j? -for SO doing - .. -
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T - . ‘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
Q ‘ " .{a); a regular report should be made to departments of the &
' . : distribution of the time between ordering books and their.
e ‘ . being“available for loan. - & ..
. ~ . P . LA \
’ c) -Many faculty  members are' alarmed that financial stringency ' - e
e mayggake it difficult to take new journals- and that suhscriptions
- to ‘established jeurnals 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 reeQurces and the use of library systems ’
are inevitable. 1It-is, therefore, very impo'ant that* acquisi-
tions:should be planned by the department concerned on‘a regional” .

B basis and we recommend that the - intei’university committee should
!& . Oe;_(amine this question to ensure that there  ,are copies in Ontario
of even miner journ 8. Such devices ag the circulation of .- )
content pages of journals notytaken at the unive;sity in question -
. . should be provided where ,there\is a clear need. It ig important _ =

A

- ) that bools should be available” for loan soon after pubiication,
' - bus blanket ordering of books is not defensible when money is
short.” While we‘'were impressed by t’ﬁE initiative shéwn by

- e severad university libraries in implementing computer systems

g . - for abstract retrieval, etc., we would, however, deplore a Y ) »
° szgnificant proportion of .library funds bein® spent in this

. \*way, at the- expense of the acQuisition of books'and joumals.

; ? T ) . -,-'/ »
. . . , . . .
Re’commendation 45 _ ’ hd L . -'4 . g X .
x %gi‘ecommend tRat: ! ’ >
-7 . 1), partments-should have a library officer or conmittee responsible N -

. for recommending Books and journals for purchase, checking the
efficiendxof the‘interlibrary loan scheme and reporting to
. 2 colu}ea'gues on the speed with which new books become available -
’ o “fyr'loan; ° P . . |
. i1)- the interuniversity committee should if the need arises,, , .
, S examirasand -3nBure the circulation of information about new ° .
. i L . and rel t1vely obscure journals; . ' '
. ~o1ig) fa,culty should cooperate in interuniversity schemes of cqordinated
_ . librarygserviges. N S C\ £
- ) o = e # R :
4 ;. . * - . ) o ‘
11. Computer setvices C T Lo - / - C e |
‘ Detailed investigation of computer services was outside ouf *
+ terms of reference nevertheless brief visits pere paid to compu.te&centres. . "
Our general i'mpression of the gervices provided was extremely favousrable. ’

-

oo ) Programming advisory services wbe gdged effective ?by faculty and students




. < ’ Y ! ‘. ‘-
* whom we questioned and the availability of 1ibFary programmes appeared . ,
very gatisfactory.

- ¢

]

. IE'is.important-that computer centres should have close links
with mathematicians. and qther specialists to ensure that-

- -

. a) ‘full advantage is taken of current developments, for example

by maintaining on-line the best available numerical analxtical

, and statistical packages, . . . -

‘o -

v

b) specialized problems are, where appropriate, referred 50 a . ) o
suitable specialist, particularly in.numerical mathematics . )
and statistics, but also.in other areas, arising, for exapp;e,

~~ in the work of theiprogramme advisory service.

. The important and difficult questions of the cost of compdler
services and of thé proportion of a university's effoxt that should be

Iy

devoted to such services are 'similar to those for libraries. We were not
supplied with data“%hich could be the basis for a rational discussion of this.

T ) e
& >

1 ,
Recopmendation.4é 2,

4

¥

» . e

! 24 < L] .
We recommend that .directors of computer centres should review

R periddically the adaqpacy of their collaboration with numerical

analysts%rstatisticians and others with applicable expertise. .
- . ) A .
L ] ~
N ° ™ N .
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LIST OF RECOMMENDATIONS , . ° .-
5 ! . L .

»
o

e

REcommendation 1:

Employment opportunities and limitations on enrolments
We recommend that: ) V
“1) trhe 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; "
1i) the number of PhDs in mathematical sciences awarded by the Ontario
oot universities total about 40 _per year, with about 10 from"each of
SN . the four areas; ol
. iii) - that the figures given in ii) be reconsidered. for possible modifica- .
tion at regular intervals in the future, )
. . (see A-25) . . ' /
) . t . v . L 4 - {J - . k . 4—-—s
e PURE MATHEMATICS . .o ‘
} Recommendation 2: Upiversity of Toronto R - - -7 ot N
, : ® ) f . N ' & [ * .
' We recommend that: Y ) C .
, 1) the space available for the mathematical ‘sciences be increased Mt
—_ and centralized; ’ -
+ ii) the MSc and PhD programmes of the department should be. CDntinued .
iii) about 5 PhDs in pure mathematics per year should be produced’ i _
' iv) the whole programme of jraduate work in .pure mathematics should o
be reconsidered within the department. . . C T
” (see page A-33) / ,f/</t o ) *
. [ A »
- Recommendation 3: University of Naterloo T N -
R . / ) - 14{ B4 ks R . bt
. We recommend that: : o .
i) there should be a unifqrm qua ifying examinationifd% intending s
.. doctordl candidates in pure thematics intLpdﬂhg those in the
Department of Combinato:pics d Optimizatidn' 4 - )
11)  the MMath, MPhil and PhD pro rammes confinue to strengthen their - .
- minimum .standards; : R e " . ﬁ\\
1ii) about three PhDs per year s ould be prqduced'in the pure mathe- ,
matics area at Waterloo. , - )
B (see page A-34) ' ,
- ,. . “ - . c
Recommendation 4: Carleton University - * v ,‘ :
' . L .
. We recommend that: , ! * .
o . i) the MSc programme gontinye; *o - '

ii) about one PhD a year should be produced in the pure mathematics'
PO ' area at Carletonw

(see pege A-35)

5 . L e "

‘ - Y / ' : . .

- A .
- LA .
L34 .
» - tk Y .
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Recommendation 5: Univefsity of Ottawa ' * )
We recommend that: T . i -~
i) the proposed MAT programme should be developé€d; : .

i1), the MSc and MA’ programmes shotild continue; ..
iii) the doctoral programme in pure mathematics should continue
, for two years after which_its viability should be subject
to external appraisal. -
(see pag® A-36) . v . ) ' )

Recommendation 6: Queen's University . - e :

We recommend that the MA, MSc and PhD programmes shoudd

¥
continue. at'their present level.

. (see page A-36) ' o : ‘

Recommendation 7: McMaster University -
. T
We recommend that: ' T
i) the MSc programme should continue;
ii) steps should be ta§3h\to make the. analysis section of the PhD .
programme more in. liné witp current interests and applications,
i&i) .subJecf te ii), the PhD programme shnuld continue aiming to °
produce one or two PhDs per year.,*
# ° (see page’A-37)

s

‘ 1 4
- - . - ]
T\ Recommendation®8: University of Western Qgﬁatio
— i 4 T »
‘We recdbmmend that: r ) ”
« 1) the MA programme should continue; % -
- ii) efforts should be made te broaden the PhD programme. In the
meantime the ppogramme should centinue for two years, after

which its: viability 'should- be reappnaised externally.
(see page, A-38).

) '
.
AN - ~

Recommendation 9: Univergity of Windsor- o ’
dE recommend that the PhD programme iﬁ pure mathema [cs be
\ . reappraised for its viability after twg.years, along with

those of the University of Ottawa and tifeeUniversity of
Western Ontario. )

(see page A-39) ' . ’ '
‘! &
Recommendation 10: Lakehead University

-

. We recommend that Lakehead Universgity should be encouragedtsé
]

. submit.for appraisal a programme for.a master's in mathema
unrestricted in scope and covering a degree by course work or
thesis. - [ \ . -
(seé?page A—Al) 1. ‘

. & '
’ ~ 144
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1)
11)

iii)

"

1)

i1)

! C114)

IT

Recommgedatiod 11:

- )

Recommendation 12:

* Recommendation 13:

York University
We recommend. that: B ’ . . ; 3 .
the MA programme should coqtinue, :

4
special efforts should be made to involve York faculty ‘in the,

the University of Toronto;
the location of the Depart
Faculty of Arts and other
reviewed by the University
(see page A-42) - - ‘

nt o£~\§tﬁzpabics vig-a-vis-the

agnlties an golleges should be

_MATHEMATICS ' .

APPLI
<

*

*

Introduction

We recommend that:

there is a general need
.mathematics;

further, there will be a
attention to research an

or regxamining the role of applied’

need for continuing reappraisal, Qith
training in applications witb good ’

. employment prospects in ntario and Canada;

to ensure genuine contaqt with applications much greater use of
interdepartmental appoifjtments is desirable. ' . '
(see pagé A-45)

- -

University joronto - ) ‘ ( . .
ernal interdisciplinary committee,

We recommend that,an 1

-

-

continuation of the ath and PhQ _#rogrammes at Waterloo, but

with increased emphgsis on areas/In which there exist non-academic
job opportunities. [We also recommend that, in the .near future,
new appointments made of faculty whose research is concerned
with such areas, -
(see page §-47) ~

*r -
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s " Recommendation 15: Carléton University

-

. We recommend that: g
' 1) Carletwn University continue tp develop its interdepartmental
- MSc programme in Information and Systems Scierce afd examine
- ¢ the possibility of a cooperative _programme in this field with
. ’ - =% the University of Ottawa:
* ii) the areas in which the PhD in applied mathemati;s is offered
¢ . be more precisely defined.

s

(see page A-47)

Recommendation 16: University »f Ottéwa

We recommend that the University of.Ottawa be ercouraged:

the develop un interdepartmental MSc programme in mathematical ’
economics; - ‘

i)
. ii) to examine the possibfility of a cooperat:ve ‘programme in *

the field of information-and systems science with Carleton
- ’vers:.ty. .o

(see page A-48)

Recommendation 17: Queen's UnIVersity v

. s

We recommend continuation of the existing ﬁk, MSc and PhD
. pro®rammes in applied mathematics at Queen's University, but with
increaseq emphasis at the master'a-legsl on applications associated
with non-agademic employment opportunities.
(see page A-49)
.,
Recommendatioa 18:

-

University of Western Ontario -
) We récommend that the University of Western Ontario continues

its strong programme in applied mathematics, turning out -an

“ occasional ,PhD. 'Any other recommendations must be deferred

until after existing committees hgve succeeded in resolving
internal problems.
(see page. A-59)

-

Recomﬁendatio? 19: Uhiversify of Windsor:

L3
-

\
t oy

.

-
.

N We recommend a continuation of these programmes, but with an

internal revdew in ghe near future of ‘non-academic employment,
é a

opportunities for graduates of the doctoral programme. ’
. (see page A-50) . ¢

) . . _ ' o : ' | J‘_ ’ ' . -

o
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Recommendation 20:" University of Toronmto

Recommendation 21:

. i)

i1)

—

Recommendation 22:

1)
\\/x"‘..

ii)

iii)

iv)

Recommendation 23:

\ i)

i4)

-

Recommendation 24 Que?ﬂ s University

\

1)
ii)
111)
iv)

-

We recommend that:

there should be a reorganization as soon as possible of the
whole of sf@tistical work in the university; )

in the meantime the graduate programmes should continue,
there should be a regular stat
collaboration with York Univer

(see page A-55)

<
We recommend that:
current graduate programmes

University 6f Wa

" STATISTICS :

>

¥
00

in the way proposed by the university

arrangements for

universities.t
tsee page A-56)

/

-

wé‘ recommend that: .
the MSc and PhD programmes continue in accordance with the

university's plan;

the cooperative programme shoyld be strongly encouraged

the role of statistics and probability in the MSc in Information
and Systems Science should be given an internal review;

there should be increased collaboration with the statisticians
at- the University of Ottawa.-

(see page A-57),.

_We recommend that:

the programme of the group should be appraised within three
.years;

there should-be increased eollaboration with statisticians at
Carleton University.'
- (see page A-58)

We recommend tha't:

present graduate programmes should continue;

Fonsulting work wi

should be strengthened, thexe should be increased collaboration,
in particular with the University of Guelph and other nearby

Carleton University

University of Ottawa .

the STATLAB should be strongly encouraged

the breadth requirements for the PhD should be revieved;
the statistics group should have more autonomy.

(see page A-58)

144
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istical seminar- involving some
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ould be{Fontinued and developeﬁ

h other departments
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1)
i1)

i11)

‘Recommendation 25: McMaster Uni‘prsity

» A-89

-
.

. T .
We recommend that: . - / “

thére shduld be a reorganization of statistical work into a

more unified form; R 4 ’ ’

there should be an external reappraisal 9£\work in probability .
and statigtics within three years; :

in the meantime the present joint MSc programme and the PhD in
@robability undér pure mathematics shbuld continue.
‘(see page A-59) -~

‘

REcopmendation 26: University of Western Ontario

. i)
ii)
i11)

]

.o . : I 4
We recommend that there should be, an.external appraisal of
the whole programme to examine, g& particular, the criticisms
listed above. - .
(See page Ar60)
Recommendation 27 University Windsor A L
We recommend that:
addi;;gnal research-oriented appointments are essentialj;
the c and PhD programmes should continue as. proposed;
"addikional contact with other univerqi;ies is very important
and should be, developed. -
(see page A-60) , i
. ) L
Re¢ommendation 28 University of Guelph )
R Py ki = ‘ ‘
We recommend that:

i).

ii)
iii)

- iv)

Recommendation 29: York.University

i)
1)

o 111)

the master's programme continue in accordance with the university 8

plan; ’ »
there should be empn;;;;son\bio}ogical statistics;

a new faculty appointment should put strong emphasis on research
and that the fields of applied probability and biological
statistics are particularly appropriate;”

an interuniversity seminar should be instituted.

(see page A-61)

We recofmend that: .
the part-time gradua
be further deve oped
constdera¥ion should be given to a master's programme in
applied robability;

there Ahould be substantially increased collaboration with
Unifersify of Toronto.

(s¢e page £-52) )




7

- A-90 ¢ -
'J_i
! : COMPUTER SCIENCE .- -
Recommendation 30: University of Toronto * - X
: _ nive y , ‘\
We recommend:. - : 7
i) the continuation of the excellent MSc and PhD programmes in ,
computer science at Toronto; )
ii) an improvement-in interac;ive facjlities; v
iii) 1increased attentjon to coope}ati with the staff of other

Ontario wniversities.

(see pagae A-64) '—”// )

* -
Recommendatjon 31: -University of Waterloo

-

Recommendation'BZ: Carleton University
¢

-
' We recommerid that: < . .
“ 1) the proposed interdépartmental MSc programme in ‘Information-and :
. Systems Science should be implemented; N
\‘ﬂl;)//gégz aspects.of this programge should be subject to internal
r 4 .,
iii) the gg;cussions of long range plans for developing a compre-
hensive joint programme of academic work in computer science
for the Ottawa area sheuld continue under the auspices of a
representative ACAP committee; . 4 .,
« iv) in three years time there should be ah external appraisal of
the graduate programmes in computer science in these tq:
universities,
(see page A-66) . s t
Recommenttation -33: University of Ottawa . ’ A
"We recommend: s
i) deferring the establishment of a new master s programme at,
the University of Ottawa,
ii) that the discussion of long range plans for developing a
comprehensive joint programme of academic worfk in computer .
science for the Ottawa area should continue under the ‘auspices ,
o of a representative ACAP committee; - "
il%) any resulting prop?sal should be submitted for appralsal
(see page A-67). ) , ) g
. ‘ / . A,
N ."‘
. ) %
t 1"}&) .
-t N ) ! '
. . . v

We recommend that Waterloo continue its graduate programmes g
maintaining the size of the present graduate student body and
aiming at higher standards if possible.
(see page A-65) - ) -
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Rec mmepdation 34: Queen's University . i
(ri‘ ) - AN . ~ .- \ r
v * We recommend that Queen's give attention to Continuing to
i # strengthen its MSc programme, before: proceeding further with
plans for a PhD programme.
- (see page A-68)

.Recomend‘ion 35: McMaster University . o

We recommend Phat the existing MSc programme be continued, but

that its ddequacy with respect to core subjects in computer

science be reviewed.internally whenever a new faculty appoint-
CT ment is made. (

(see page A-68)

L

y -

Recommendation 36: University of Western Ontario

We therefore recommend the continuation of the MSc programme
without qualification, but westhink that the proposal for a
PhD in ‘computer science should be deferred.

(see page A-69) * _.°

. »
Recommendation 37: York University

, M -

We recommend that:
i) any proposal put forward for detailed appraisal should specify
> the collaboration ivolved with the University ofgToronto;
ii) before a proposal is put forward for an independent programme,
two new- faculty appointments should be made.  -..., ]
(see page A-71) )

. © . ) .
. L 3

GENERAL CONCLUSIONS AND RECOMMENDATIONS

2
_Recommendation 38: Interjniversity arrangements ,
We recommend’ th i . :
a suitable interudniversity committ { the mathematical sciences

should ' . .
i) produce every two years a booklet d¥sgcribing graduate work in
the mathematicgl sciences in Ontario; .
ii) review library matters.of joint fnterest;
iii) ensure that advisory committees of research students contain
* at least one member from andther university;
*iv) enSure that arrangements 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;



[}
-

- ! " ‘ .

f - - e

Recommendation 39: Critical size ¢f programmes.
We recommend that the postgraduate booklet should show they
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) ’

-

“

Recéommendation 40: Mbvement of students between universities ° .

[y

We recommend that' 4 ‘
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

. point ?gt the advantages of a move;

“iii) the interuniversity committée should produce and circulate each-
year statistics for each university of the numbers of Canadian
and non-Canadian.master's and doctoral students registexed and

L the mumber of those who have studied only at the university in

question. :
(see page;A—?G),

Recommendafion.41: . Part-time students ’ -

We reeommend that. : ’ -

i) part-time master's courses including statistics and computer
science should be engouraged in the main population centres.
They should be at the same academic standard as corresponding
courses for full-time students;
i¥) courses for school teachers should be broad and also include the
. opportunity to study statistics and computing.
(see.page A-77) = . . )

pRecommendation 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 requiffements,

We recommend that: ' . . Tt

+ 1) comprehensive requirements for students in applied subjects

»o should be broader and more flexible. They should include the
possibilities, both of studying pure mathematics to an advanted
level and of making a deep study of applications;

- {i) gradvate students in pure ‘mathematics should be advised to
study some applied topic.
(see page A-78)

o




Recommepdation 44:

-

12
-,
)
2 4

3
N °
i

ii)

Recommendation 45:

i)

"ii)

111)

Recommendation 46:

L8

A-93

t

’Topics for research '

’

< We recommend that: ' !

&

the interuniversity committee should every few years review topics
of especial promisé in which fewer students are working than is
desirable, the objective being a shi¥t of emphasis from thesis
topics of a highly specialized character to those of a broader

and interdisciplinary kind;
the interuniversity committee should provide in the graﬁuate
booklet informatioh both on. the numbers of completed theses,

for each of the main spec1a1 topics, and on thesis titles and
supervisors.

(see page A-80) SN
Libraries
We recommeno that:
departmenits should have a library officer or committee responsihle
for recommending books and journals for purchase, checking the

~efficiency of the interlibrary loan scheme,and reporting to
colleagues on the speed with which new books become available
for loan;
the interuniversity commlttee should, if the need arises, examjine

and ensure the circulation of information about new énd rélatively
obscure journals;

faculty should cooperate in int
library services.
(see page A-82)

'
A J
N ) 1

n

+

iversity schemes of coordinated

-

Computer services

-

.We recommend that directors of computer centres should review ' =

-periodically the adequacy of their collaboration with numerical
analysts, statisticians and others with applicable expertise.
(see page A-83)




~

-

4 ' ) -
Procedure for. Mathematical Sciemges Planning Assessment

- - . 20~ December, 1974 ) .
N ) " -
. A - Intérpretation’ e ’ .
/ . ». ¢ - - X ’ L
P !
: This document uses several words fq specialized senses. These
meanings follow. N .
v . L‘ "
QOU - Council of Ontario Universities ’ ] -

Acronyms

[4

Advisor:‘;///z mathematics exbe;t whose functions are explained below;

Aggraisal:

Appralsals .-

Committee:

Area:

Consultant:

- Disciplind

Group:

-
.

e

0CGS Ontario Council on Graduate Studies, an affiIiate
~ of cou. L . |
ACAP - Advisory Committee on Academic Planning, a committef
- of OCGS, established by By-Law No. 3 of O0CGS.
Council of Deans oﬂ Arts and §cience, an affilia.e

of COU.

Py
CDAS

there are twe advisors for each area.
-
A procedure leading to a decision as to whether or not the Y
quality of a programme is or will be adequate; the univefbities
have agreed not to begin new programmes without first obtaining
an appraisal and not to add new fields to existing programmes
without referral t@ the Appraisals Committee to decide if an
appraisal is requireds

.
. . . . ) k
; .

A committee of OCGS established by By—Law No. 2 of OCGS
One of the four divbsions of the mathematical sciences. used -
in this planning assessment, viz. pure mathematicﬁi_agplied
mathematics, statistics, computing science.
‘One of three persons who are. congultants to ACAP and whose
) functions are described more fully below; they are aided.by
"advisors."

.
’, s F]

v ) . .

Refers to the Mathematical Sciences Discipline Group,
constituted as authorized by 0CGS bn 15 November 1974.
See Appendix I. . . . .

yd i -r ™ - " w

=~ J
~ » rd

The word "programme” ig¢” used.to signify !l aspects of the

graduate undertaking of a department {2;/tnfijfjff, etc.),.

1ow

, -~ . * [3



facilities, and curriculuq,

Plasning 1" Y S _
. Assessment: A’ formal reGiew of current’ @nd pxojected gfaduate programmes
N ' wigpin a discipltne or g group of disgiplines, ‘in this case
' © within the mathematica] scie
areas lgsted aboge ‘
Reports: Foqﬁ types/of reporfs are referred to and described in this
) : - procedure: " ..

\ ’

.a, An Area Report written by area advisors 'and submitted
tg the dniversity connerﬂed, the consultants, and ACAP.

The nsultants Report, writt ne consultants
-and submitted te ACAP and deal as described in *-
G2 Y. e . e b

eport, wriéten by ACAP and subpitted to COU.
is first provided for commaﬁ; to univefsities
and to the Disgigline Group.

\a

L5 .
d. The Ccou Rebort, containing EOU"'s recommendagég:s to the
’ Ontario Council on University Affairs and to

iversities.
L e [} v . -
.Fileld: . Each of :the four areaSAis fu#%her subdivided into fie{; -

& S - r o T
Uni:versitz . ‘ T 3 S e
Plan: - ““Denotes the officidl statemeft mdde by a university.in

accordance with paragraphs £7 -and C8.below.
‘ ) L L ‘\ * »
& T . ‘ .

* B - ‘Choice of Consultants and Advisors °

. "1-$~ <

. of’ internation stdnding with breadth of outlook,on tHé mathematical -
sciences and w suitable admipisfrative ‘'or consulting experience.
The4fhird consultalit” shall ‘be a person of wide academic experience

not in mathematics. No cogsultant shall be on the
"taff of @n Ontario university.

e shal Ethree consultants, two of whom shall’B mathematicians

. KCAP shaill cal¥ the Discipline.Group t .to discuss theé choice
- of coqgultants ‘and to mominaté a list of 'abou ten‘pOtential cbnsultants.
If it gséems desitable, -ACAP may. also propose. najpes, but they shall

’ be approved by the DiS”ipline Group

From “the re%glting tist, 4ACAP shall eelect its consultants.
o

X

cl o\ - .




N 4 . . .
.. B4. There shall be,eight advisors, two #&r each area. Each advigorg®
sshall be*an acknowledged expert in the relevant area and at least ' v
) one advisor in each area shall have extensive experience with -
/4 -, graduate work. No.advisor shall be on.the staff of an Ontario univer- .
sity. - . SR ¢ ~ ~ ‘ N . »

et 4

o ~ BS. The Discipline Group shall establish four ad hoc area supcommittees .
for the purpose of proposing names of potential advisors for each. 5
" of the four areas. Each subcommittee shall co#sist of persons. who
work in the area iA question and there.shall be one member from . N
each university that .proposes to offer graduate work in the areaj; -
. - in so far as possible the members of- the subcommittee‘é shall be k;‘.‘ '
? - members of the glpline Group. Each subcommittee shall meet with _
o an AGAP represenitativeeto discuss ‘the choice of advisors and to
‘ prepare a-list of at least eight nominations. These nominaticns shall
be, s L.U;ed o ,ACAP thrcugh the Disc1pline¢Group whi c_hqnay c_ou'ment .
) on hoices. ~
"‘ . X .. o LY . s . . - -« ® “ P r
R B6. ACAP shall select the ’advisors frcm these ]Jstq, and may obtain help
fregf the con'-n.ltar'ts in do:fng sC. i . .0
. ) . . . . J

C - Collection of Data and of University Plans’

) él " Cl. ACAP staff will prepare draft forms and instructidne for ccllectdon
of data as described in paragraph C6. The Discipline Grcup will -
examine and _comment on these forms and instructiens, in particuMe¥ y
- . R .‘ & ’
% on the chojiceNof fields. ' . ., - .

-

. o
, C2. .After the forms have been completed by the universities‘ .the Digqlipline )
Gt‘oup ullt_examine the data supplied, and indicate eny. 1naoeouacies' -8
or ir‘consistehcy Jf reporting -Standards. ) w
X ‘ N ' . ‘
C3. The Discipline Group will consider’ and discuss also the univergity )
Pt ’ - plans submitted. Thq Group may make suggestions t¢ an individual . ‘
’ . ni\zersity or do ACA_P as.a result of these discussfons. . ) .
. . ' v .
. ol .
R CA. dis tons of C3 were to. lead a university tQ modify its
soe e ' / pl w so notify ACAP. - - . ’

¢5. 1If a unive sity changes its. plans at any time before the completion.
.. of thp ing’ agsess t, it shall notify ACAP of the changes. -
- ) a Cons¥Lt@AS are instr ed to disregard any material provided to
) them which is at variance with the statements provided by the
university through ACAP. . 1 -

-
]

-
©

' ) C6 &ch university is to supply&o ACAP (4in the form decided following

o Co:edure Cly the following informatiod: X . . ~

- 4 .
Co.

" . > ¢
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’ ) . , A-97 : .
. TN , \ <,
” | .
(a) the areas and fields currently offered f T master s and
- doctoral work ¢ ) .
N " “(b) for each- .area,and field current lists of faculty members, -
numbers of faculty members, enrolments, degrees granted and -,
drop—t .ltS in previous years .- co o X
(c) durrlcula vitarum Jf ali faculty members now engaged in ) h
- gradﬁ’ate instruction or soon expected to be o t
o > (d) histerical data on graduht'e $tudents covering, (\, o -
. ) . (1) - enrolment K . IR
. \ (11) immigration status and country af first degree
7 * ~  (4ii1). financial support : . el *
A (iv)  drop-out nuiber \ N
" (v)- ' -degrees granted ' .« X
(vi) post-graduation employment of 'PhDs C > . -
. “  (vii) employment of ABDs
_ giii) 1list of doctoral thesis topics ) .
£ ‘(e) data on the undergraduate Basef in particular enrolment in o
. work leading to graduate study T .
Lo (f) !data and statements on resources of space and laboratory and
P v ) cguting facilities s . ‘ ‘
(g) data and statements on 1¥brary resources, in a form to be ‘ .
- . worked out in c‘nJunction with 'the®Office of Library Coordination
" ’ L (h) support from related departments
‘ Y] inter'university arrangements for graduate study in mathemt.&cal -
» s ‘sciepces .o o / .
Y N C Each un,iversity is to supply to ACAP a statement of éts plans for
the future of graduate work in the mathematical scie ces, in as much
b detail as possible, 'undew each of the headings (a), (b), (f), (g),
. @ (hy_and (1j 'in C6, kncluding explicitly the planned numbers:of '
s, '_” v faqulty and graduate students in each area for the next five years.
1\ v The Yplans shall treat the years" 1975-1980 iy detail and sho\uld look
\ - ahead to about 1985°in cutline. Thé plans should be accompanied
' . «by, arguments supporting their appropriateness and should consider
£ the projected efrblments in terms. of the’ sour}es and motivations
" b otential students. Since thé conqultants\ are to deal with changes
r - in the field em 1s and in methods and content of mathematical .
’ o graduatec{ed ion, any plans bearing on these topics should b
* presente It is expected\ that the plans presented in responsi
, . t6 this procedure (C7) will bg largely generated at the departmental
- ‘Yevel, and may contain components on which ‘theWniversity cannot
. Ny commen this time; the statement shall however be_ submitted by -
~ ‘- the unir.}ﬁity (through the graduate dean) thereby ensuring that -
) it does/not contain anything that is at variance with the genéral
‘ . tuniversity plans, policies or expectations.
. N )u” . .t P !
- - ¢ - . . . . B .
- 7 : ) v |
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9. -

D2.

D3.

4.
' W‘QOnsultants may arrange‘pther meenings with the Discipline Group,

In ‘addition to the material in C7, the president df‘éach 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 r

o :
The dates for submission of these various reports shall be -fixed by . .

"ACAP. : ' »

4 g .

[

D ~ Terms of Reference fQ;_Consultants and Advisors .

% <
The consult®ats and advisors will meet with ACAP representatf@es
for briefing. The consultants and advisors shall meet with the ,
Discipline Group to discuss the terms of réference and practical . >
arrangements for visits. If desired, consultants may at this ’

-

stage suggest refinements or clarifications for intlusion in the»

terms of refer@ncey if such suggestions are approved by ACAP, they. v -

will tequire ratification by OCGS and COU. ° A T oo
s - ’
The consultants and advisors shall consider the data and plans <y \\
described in section C and may obtain other data and wiews from )
any relevant source, such as employers pf holders of graduate ¢ . .
degrees, professional and 1earned societies, the Science Council - ..

commission on mathematics. They shall acquaint* themselves with
the COU prlnclples governing planning assessments and wtth some :
completed planning asséssment reports. . . - . s
The consultants and advisors shall visdit upivers1tles in accordance

with a schedyle established by the .consultents and ACAP: The

detailed agenda for a visit will need to be. established well in

advance of the visit. The visiting team shall include at least ~:',,

two of tire three consultants and at legst one advisor for each

of he areas in which the university proposes tp give graduadte

wodk 1f doctoral work is involved in an area, both ‘advisors ’ )
shall visit. At €ath.university the consultagtdf§wil]l meet with .
the various appropriatd officers (deans, Jlibrdrians, etc.) and = .
with the chairman of éach departmerdt ‘involved in the assessment.”

“They will also_meet with staff and students of at least some of

“‘the areas concerned ‘An. advisor will spend most of his time with
“the’ staff and wtudents\ of his ,arkta of expertise, but will also

meet with the chairmanfgnd with senior officers if there are .

3parnicular matter's co cerning his area on which he needs information

. from such sources. s o N ; : . .
4 . .*\ ' .

Apart from the initial meeting with the Discipline Grdup, the

*
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as thpy‘feel.necessary or at the refjue® of the Discipdine Group, S .
in either case after consulting ACAP. N N P -
D5. ' The consultants and advisors shall prepare reports as described
“in sections E and F. R . S .
< . . . ]
! 4 - ! s
‘- - E - Area Reports
& N \é‘ - ’ .
El. For each university, there shall be prepared 0 Area Report for . ~
each area in which that university offers or proposes to-offer .
graduate work. Tlese reports will be «drafted by the two advisors . "\
in the area, even if only one visited, and ara to be finalized in
consultation with the consultants who visited the university. : ?
.
- , A o
E2. Each Area Report will “deal with one~university, only and will® o °
- eover the following: ' .
(a) Flelds - for each f1eld discyss faculty numbers, student
i . numbers, courses giver, coursé enrolments, ‘quantity and
e "quality of .research’output, jiumber 'of master™s and PhD - -
. dégrees awarded, suitability of doctoral thesis topics
) ¢ g * quality of doctoral tifeses, ) e . \ o
A (b) Can the current staff deal with the number of students
proJected forefive years? If not, whate additions seem K -
necessary? <{Undergraduate load will need to be consid3téd )
(c)\ The location of «the undergraduate tralping of the students .
' "(d)* Comment™on the adequacy of Tresearch and study space (office o
_ space) for staff”and students. Comment on other physical -
facilities, including computeér adequacy and computer avail-
. ability to the graduate student
_(e) Discuss llbrary resqurces on the basis of regort supplied
(f) Examine and comment: on admlssion standards and if possible,
on the academic quality of the graduate student body
(g) For doctoral programmes for each field- 1nd1cate the quality
of edycation offered the student, uging the following
o categories: . . ¢
a’ -
A (1) 0utstand1ng (e.g. comparable‘ with. r‘le best in the world)
R (ii) excellent (e g--in the top four or’ five in Qanada)
(i1i) rcompetent to goad (e g. there would be litele hesitation< .
. in advising a good studEnt %o enter the Jprogpsamme,y airh "
(dv)': questionable (e. g. elther the quallty is lnadequate ., -
< % e or further study is required # establifh. its adequagy) S
- . - . ‘ . . | FECEEN
- N . - Y § . ' . . .
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, - The jdﬁgements should be}justified by a discussion and should refer
to the current state, but if ahy change (in either directiond can be
confidently foreseen it should .be reportéd. :
> oy ,.f"'L . - .
E2. (h) List the fields 6f the area in which doctoral theses should
) at present be supervised with explanatory comment if desired
‘(this is particularly fpportant for programmes with fields,

_ ) ~ in categories (1i1)*and (iv) but“is requested for all programmes)

<y iE3. Each Area Report shall be submitted to "

1) fﬁzrhniversity concerned .
\ (ii) the consultants - .
s (iii) CACAP \

-

N

Area Regbrts are NOT to be‘published or further Jdistributed gxcgpé

. Ehat, if COU feels that an Area Report is relevant to the final COU

"%p COU, but not for publication.

-«

discussion of.the ACAP report, the Area Report will be ‘made available
L L

E4. All Area Reports will be distributed simultaneously. .
. .

E5. Each university will be invited to comment as it sees fit on each
of fts Area Reports. . The university comments will be submitted to
ACAP and transmitted by ACAP to the’tonsultants and advisors. The
- university comments will NOT be published or further distributed;®

except to COU on its rﬁhuést_as with Area Reports.
. . - ,

) X7 )

F - Consultants' Report " \

. % R

Fl. After the deadline for receipt of comments on Area Reports from the

tniversities, the consultants shall draft a single Consultants'’ T
‘ Report. will be based on the material.described in, D2, the
Area Reports, the comments thereon and of course their university
visits. "It is important that thegreasoning behind the recommenda-
tions in the Consultants' Report be apparent, and to this end they °*
should include information from the Area Reports ip any mahner which
seems to them to be appropriate for their own report which will be
a public document. They may also dbtain assistance from their
advisors onpgqneral'consideratiodﬁ concerning the development of .
. the.four areas in the province or- more widely. ) ‘ -
F2. In t?#ir report, the" consultants shall:

(a) IGive a.geﬁergl discussion -of the current state of graduate o
. training in mathematical sciences in Ontario including at

1east_lhe following topics:’ -
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(b)

- : . s - .
¢ B %'f
. - N

general level of quality

o~ L]

. suitability of graduate programmes as preparatlon for N N

sequent employment

- «

any significant gaps in coverage of fields v
“any overemohasis on some field(s) : . .

(d) and (e) of \

summary of material in iteds-EZ(a)
. Area Reports

~
-~

'adequacy of research funding for support of éraduate
programme ’

~ . .
N

felationship‘to.related disciplines

Discuss changes in field emphasis or in confent of applicability
of mathematical- graduate training which should be expected andfor
* encouraged in the next decade

N .
Discuss sogiety's needs for holders of graduate degrees on a
«five to ten year basis and in this connectiom comment on the :
planned enrolments submitted by the universities. Discuss the
IMkely number of wellr qualified applicants for admission,
. allowing for changing pattefns of immigration, and, compare
.with the universities’' eprolment projections. - (It is recognized
that- the consultants are, not primarily experts. on manpower
projections and while the aboVe discussion is %n essential®
part of the planning assessment, corrective recommendations
wilT be made by COU-only if thére is a gross mismatch between’
the universities' enrolment projections on,the one hand and the
anti¢ipated total of well 'qualified students or a reliable
estimate 3& needs on the other.) ‘

Discuss the relationship between the size of programme (enrolment
andyfield scape) and’the quality of training_it offers a

student. Consider the role of postdoctoral fellows in this
connection : ’ ! . )

. Discuss any other general matters important for tne. developmgnf
of graduaté work in the mathematical sciences in Ontario ’

Make recommendations concerning the most significant points in
the above discussions (or otherwise emphagize their importance)

On the basis of detailed assessment, recommend the role to be
played in the provincial pagtern 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 more restricted under.taking either in numbers of fields or
students, or a larger or broader brogramme, ot suspension of
enrolment, or discontinuance ‘of -t programme, Or. continuation

- in some form if succesgful in an apprajsal, or 1nitiation of a

new programme subject to appraisal, or jojint programmes or
cooperative ventures

+ ) ’ N y

hall¥
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- ‘In all cases, it is important that the rationale for recommendations
be clear and the consultants should give their judgement of £he standard .
of each subfield by university in the same marner as described €Qr Area
Reports in item E2(g). . ’ .

~ (h) Discuss the realistic possibilities for cooperative activity
= involving a mathematical sciences department and another
department or institute, either mathepatical or not, either
reos +in the same university or another. ke recommendations as )
& seem appropriate, for specific cases. :

.
-

F3. The &SUItaﬂtS shall submit a draft Teport to ACAP to permit ACAP
» .to ensure that it meets the terms of ¥e&ference listed in F2. The
i Consultants' Report will then bg submitted to ACAP.

*

- .t

. G - ACAP and COU Reports

Gl. ACAP will then prepare a draft ACAP Report. -
. h 1 .
v G2. ACAP shall send its draft Report with the Consultants' ‘Report as’
L an appendix to the universities and ‘to the Discipline Group fpr
comment on both these feports. At this gtage, or during the .
preparation of the ACAP draft Report, ere could be meetings
between ACAP represantatives and the Discipline Group and/or some .
universities, if any .party requested such a meetidﬁ There COuld
. also be refetral of questlons to the consultants by ACAP and any .
material provided by fhe consultants shall be published by ACAR

:>\\\\\’\3\‘_if it has been used &or its Report. ’
T .

- - -
. ST~ The comments of theuDisciplﬁne Group on the Consultants' Report .

will be published,.as?will those of-any university so requesting,
but the comments on the ACAP draft Report will not he published.

G4. After receiving the comments, ACAP will’ prepare the final ACAP - °
Réport and submit it to COU with copieh to 0CGS, CDAS and the ’
. DiscipIine Group. - ] ‘ -
. . a2 . f . . .
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 Repbrt from univereities,» OCGS, CDAS or the Discipline
4 ) Group. COU will decide what comments it will publish. As a
N * mindmum, COU wikﬁ publish the COU Report and the ACAP Report
including the Consultants' Report and those comments on the

. Consultants' Report. ‘that are to be published. v
\ . - - . A".
)
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i 4
15%
Q .

. © . N . ..dl T
ERIC . . c




Appendix I

>

Mathematical Sciences Discipline Group

r — .
Establishment of Group’

a. On November 15, 1974, OCGS authorized the establishment of a
Mathematical Sciences Discipline Group with the following
membership¥ two from each university intending to carry on //
graduate work, and containing at least three persons working
in each of the four ayreas: pure mathematics, applied mathematics,
statistics, computing. TIf .the persons nominated by the univer-

# - sities should not include three from each area, ACAP is to’coopt
additional professorssto 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 féur areas, the
Discipline Group will be expected to establish ad hoc Subcommittees.
Changes of a university's representat1ve are to be notified by
the executive head. . -

c. The Group. shall select its own chairhan.
- /
Meetings

. -
a. The Discipline Group may meet dt the call of its chalrman‘or in
accord with its’ own arrangements. ‘
‘
b. ¥ The Discipline Group may- be called to meet by the Executive
Vice-Chairman act1ng for ACAP.

Responsibilities -

a. COU has 1nstructed ACAP to conduct a p1ann1ng assessment in the
Mathemat#cal ScienceS_and the Discipline Group will assist and
advis ACAP and generally facilitate the assessment

In the future, the Group is to keep under review the plans for
gra ate work in the Mathematical Sciences in Ontario, including
new developmerits and, trends in.the discipline, and to make’ reports
to ACAP on a regular basis. For this purpose -ACAP will assist

the group in obtainiga information and data, as mutually agreed.

’

The Group may make recommendations te ACAP in connection with
graduate/york‘in the ‘Mathematical Sciences when it consgiders it

appropﬁiate.
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ﬁ v RESPONSE.OF THE MATHEMATICAL SGIENCES DISCIPLINE GROUP , . .
s . R , . . :
/ . .
! % ! ” . TO THE. CONSULTANTS' REPORT ——t .
‘ - . * . . . ’ -
The Discipline Grouﬁ'met on Aﬁgust 25; 1976 in the offices of
_the COU to discuss the report. There"was'a general feeling of. satisfaction -
S .
N 4 . Y
- with its overall views and recommendations - we felt that the advisors and
- ' A ’
, .
cansultants had done a commendable job considering the enormity anq com-
! ) L ”»_’X/' .
: . plexity.of the task. We sincerelv hope that this report aftd the decisions
- made by the Discipline Group itself will lead to #n improvement in the
.. \ .. "\
. algeady high” quality of the Mathematical Sciences in Ontario noted by the
E consultants, ' ‘.
- é ) . R ’ '
J R - Most of our discussion centered around a small number of topics which
. a
. were thodght to be of particulaf 1mpdréance and which are dealt with .
~» - . . ‘-, - l; . . ‘.‘ .‘
’ . separately *below. . ; . ! e T
v i ’ .
Y F ‘ v .
* ~ OPTIMAL NUMBER OF GRADUATE STUDENTS

The Diseipline Group was very disturbed by é%e conclusien .that. a

o ?igu;e of around 40 Ph.D.'s per year would be realist®c for the period
L975*12e0 (see page-A-23) 'and B& the gtatement that the number of Ph.D's
: k3 ﬁ *
~ - a - [ . R

. in each of the four areas shoul‘ be roughly equal. Certainly a figure of ,

’

» v

.around 10 Ph.D's per year in Pure Matﬁsmatics seems to us a reasonable

number. It Statistics the figura of 10 is posgibly low, if not ?ow'thed

ver§ likely in a few years. Several departments in Ontario have:recently. .

had consi&erablé difficylty hiring Statisticians, and 1ﬁ-§ddition there

3

. may be an 1npreased'deman& in non-academic institutions in the near futé@ﬁﬂt—w\\\\
, ) . f . . “ W5 .
ot "1t Applied Mathematics the ﬁossibilities of non-academic employment could -

- S L
:\ N . - * L

. .
. . .\ .
c » * . .
. - . . <
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might be expected to produce 30, In view of the small nymber of Computer

create a need for more Ph.D)!s in the early 1980's, wbiéh would call for

an increasg in the number of students in]the next tﬁ%ggr/three. ears., 'The
' tr )\
difficultg of making reasonable estimates for the number of. Ph DJ)g required

\ e‘

.

" in Applied Mathematics - is aggravated by the presence of other university .

departments which proride/similar graduate instruction (for example,

= . S

Engineering and Management Sciences). “ o ‘ -

.- . -
In the case of Computer Science, the figure of 10 is far too low

-

- K =_
even at the present time and a figure of 15 to 20 would be much more

realistic. For exampl%, the U.S.» produces somewhere in the neighBourhood

of 300 Ph.D.'s per annum in Computer Science, so on a per capita basis Canada

» .

" y . ‘ , .
“ Science Ph.D. programs in Canada, Ontario might well be expected to produse .

about 20 of these. 'There.is a continuing demafd in both the academic and

.o, - - - .
. non-academic worlds for graduatesj .indicated, for example, by the paucity.
.. :

of post-doctoral students available.

L \

a4

) \
-We should also like to' point out that recent statistics given by i‘

35
»

, ACAP indicate that the actual number of Ph.D.s produced annually in each

ik . .

of the four areas is tendi towards %ﬁg'nuﬁbers which we suggest above. "

They appear to denonstrate that the grafuation of Ph.DJs in Ontario Euring

S - .
-

the next few years will be as, close as one gbuldﬁreasonably expéct to the

emplovment opportunities availaple. It shouiﬁ also be pointed olit, of °
) |
course, that the recent changé in graduate financing by the province of

Ontario will tend to reduce graduate popﬂ&ition figures. . .

—~

Our group feels that continuous monitpring of the graduate student

population in the=Mathematical Sciencés in Ontario (Recommendation 1.1))1s

N ‘ L
. - v : .‘ - -
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a good idea and that this function can be carried out adequately by the
. _\\‘ B " . . . ) L4 }

ﬁiscipline Group. - : < ¥

- LENGTH OF PH.D. STUDY,

the consultants state that

. . N
d for the doctoral degree should not exceed three or four

In the second paragraph on page A-15,

the time qu

5

. AN &
4 yéars of full time study beyond the bacealaureate under normal circumstances.

| . .
We disagree with this viewsand feel that a more appropriate figure 1s four

¢

to five years, especially ih view of Recommendation 43 which suggests that
. ®

more comprehensive requirementg for stgdents® both in applied'subjects and

. - 3

J
in' Pure Mathematics are desirable, and also in view of the consultants'

stress (with which we agree) that the emphasis oﬁ‘graduate édpéatipn in

-~ -

A -

‘Ontario shduld Qg\on qualiry'rather than on quantity.

4 >
H

iy

%ﬁZE OF GRADUATE PROGRAMS, INTER-UNIVERSITY COLLABORATION

. . - AND GRADUATE subrkvxgiON
- ‘ In.zhap;gx I1I, section ;., the consultagts state that "most
- - . : R
: ‘._Yresearch etudenﬂp should work ‘in ceerres where%f;EEe\are an appreciable
. ‘nm’z{'ber, five er more reaear;:h s@dents in the'ir a;eai_but that other de~
JZ/partments.thh Lﬂé faciliries to provide programm;a ;f the necessary’éualitx
. . N » ‘ -

sheuld not. be batred: from doing so'
with the notipn that iE is‘generally advantageous to hav
in each area but would like to stress that, 'morehgenerally,‘the 1eve1 of
‘ activity in an area is the esseatial }Ector. One maaifesta31on of such .

'. «The Discipline Group ig in agreément'

several students

> '

activitey is certainly the presence of graduafe studK‘ts, but the’% are

. L . -
\ - . .

16,

+

-
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Aruitoxt provided by Eic:

i

. ‘gha£<ih.ﬂ. students be allowed to choose a supervisor at a different
LA ent ‘
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. § . ’
obviously others as well: the numbers of facultv and post-doctozal students

(and their puincations),vfrequency of seéminars, etc.

s

- In the same section, it i€~Fdq stated that "{t is not aconomically
- ’ »

viable tp mount a thorough programme of course work within-.an-area without

~

a'reasonakle number of 'students™. This seems to us perfectly clear and *

- P ol LI . ] N .
| : - : .
) A R - . R
we feel that it is unlikely that a university would il1dw a’ graduate - o
program to remain in existence if the number of students dwind&es to

[

:suc@ a point. This is, of course, also a matter which would be, and

v
~

- probablv should be, monitored by the proposed inter-university cozgittee
- . » . . Cl .
on’ the Mathematical~Sciences. . o . -

The consuiéants also allude to the fact that the stimulus for

" -1
.

research in matheﬁ&tics heed not come from an active graduate student .

’

program byt can come frJ;\interaction between faculty members and post-
) Y

- - B v

doctoral students. We are in agreement with this pmiﬂt of view and we ¥
. Y

b
4 -

feel, furthermorey that the universities should do more to promote such

’
e '

collaboration, not only within each institutioﬁ but with mathematictans A
: ]

- ; e o
in neighnouring institutjons. To this end we suggest that the universitigs °

X
° » 7 -

provlde some f1nanc1al a551stance to augment the uSe of NRC operatlng grants

for such collaboratlon, by using some, of therfunds’made avallable from cuts

e *

) -

in the graduate student population. In particular‘because of the 1selation .

of Lakehead and Laurentian Unlversitles, the Dlscipline Group recommerrds ;
. . & ooene ' .
that- provincial funds be prov1ded fgr additional travel by facuity,‘students -

and post—doctoral students from these two institutions to encourage their
o7 . - » £ '

B " - A . .
collaboration with bthers. - LT,

*

A matter closelv related-to this™s the consultants' suggestion -
A . . g
] -

-~
3 ——
’ ’ .

! S [ LT

. - .
. . . | . -




»
- . -7 4

JA institution,.and that in .any case all Ph.D.r supeﬁ;i‘sory committees h‘a%-

’
.

- .: one member from'another inst;?ution. 'The Discipiine Group enthusiastically

. . ‘N '
S : ﬁupports thie proposal—with the prov1so that such an arranéement bey- o

,gn ‘ ’ strongly encouraged but not mandatory,jaqithe obvious reason that there-

»

will certainly be circumsfances under which it would be highly 1mpraq§ical. .

. We fgeI that th&, appoxntment of 'external _advisors woulg:not only be of ’

rs

benefit'to students but would ?oster collaboration among the facult
~ - . R ~ .
T, ) o . . .- -
‘ 4 the province, And we recommend that each university provide the necessary .

<~

] travel funds to enable the.studont and the external adv1sor to meet
- - b . 5

reguiarly. We believe, in fact, that many institutions already have such -

» . i * *
funds availab]lt. . . )

v N R . 7 . .

a

"

o

- - \ . MASEER'S DEGREE K ) o " A
Al T T Lo :
L ’ f%ere was spme feeling in the - Discipline Gfbup that the consultants

. * *

o, '
. : did not deaihas adequately as they might have with the master's degree

. : The Discipllne Group was dnanimo co

»A,

,iné‘thét any un1versity .
., ‘w

. R offering a.master's de 3

should be allowe&at grant the degree either

3 . . .

. \'(1\'
by course work and, thegis or by course work alone.' The Discipline’Group

¢ - ~ - ?
Ce N afao hearfily supports Recpmmendation 41 1) that partltime study at‘the
. . A . . o

. @ mas'teg,'s level be epcouraged. T T ‘
~ .. T . L

‘ . .~ - - R - o

- - .

‘ UNEVERSITY RECOMMENDATIONS Ly

e N -

- =t ’ .

. The Discipline Group ﬁelt fhat responses to the recommendatiq~

K 4Rncetning individual univer51ties are best made by the institutions . T

&
e ST - L2 -

. P 4 M . [}
. ’ themselves. -There was, however soméadis‘pssion on several of the -

P . nt \ ) . L
. ., A . . B -
N : - . 7] N 4
v ' : . i e ,
. N . .. .
’ > R 0 . A& . .o .

.

in ' “
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recomméndations which we should like to report

First of all, in the intr/oduction to the .area reports gn.Comp‘VQ ‘
N R 3. . - H M /
» " . . b . -

Science (p.A-63), the consultants ''see some danger of an 1so1at1on o -
4% .
_Computer €cience from the other areas in the Mathematlcal Sciences anci

- -
-

they state that "#e links between computer'science and relevan_t areas of
- v

. P * o 2 ?‘
pure mathenaticb, especially algebra, and betwe computer sc;.ence and

. '

applied mathemat:.cs, numerical analysis, and.sta istics, all neéd

e . .

- “ .

strengtheiing . We feel that these statements might be interpreted’ as
. ‘ ) ¥

e -

Mag ‘that Computer’Sc1enc.e should weaken its ties with other un1v\ers1ty

~ .
. L 4

as Science, \anlneerlng and Social Sc1ences 'Such 3 step
e ) ' s ”
etrogressive and tos prevent such 'ah interpretation, we
- - - °
phrase *'to be maintained" in-lieu of .,"s}rengt'hening"
4 ) » . : .
~n ano er point, the consul’gants noted, in the area reports Qf

- -

e&eral fnstitutions, that Ph D. theses were less than sgtisfaétory. ,

Sewral members of the Disci phne Ggoup felt that these statements were
’ N . - ,
erroneQus since manv of these theses*were published in Journals of good"
. l " - .
- repute, and more impbrtantlv, the amount of time available to the adV1sors
-

- ° .

and consultants to for)g\such judgments was 1nadequate Nthers felt that

+ . [ ~

cprtam CODCLuSlOr{lS/ regatdmg the quality of gheses were possible and that
g ~
'R -

in any case thee"!;omments of thE! consultants thereto should be accepted as’

' b

t'.T\eir henest opinjons.

SUMMARY

. . ' s . ».
1. aThe Discipliné Group agrees that the proposed number ~(10- per annum) "of

Ph.D, 's in Pure Mathematics i9 re‘asonable. In the case _of-ApplieH

Mathematms and Stat1st1c.°,, the f1gure of 10 is about right /at\:he

* ) h ‘ 7 1{“,

Aruitoxt provided by Eic:




. oa . . o
” ’ -~ ’ 4

,Imomént, but will likely be too,low’S or 6 years from now. In Gomputer i
. i M &t ' .

. Science a figure of 15 or 20 is more realistic. .
- ad ‘ o ’ ‘

~ ™~ 20U The Discipline Group considérs 4 t¢ 3 years to. be the.desirable time .
L 2 - ] B . N . v B

4 ;

. . . [ , 1 f
. . from the B.Sc. to the EB,D., not- 3 to 4 years as suggested by “the - L.

”
.

»

- consultapts. ) ’ oL J ) s

T e . ) : .
@ 3. The Discipline Gnmq;ippports the view that research stimulus should - T

. 4 > i - - -
N . be bed increasingly on colléﬁérdtion among faculty and post-doctoral

P stydents rather than ot a gqeduate program, and suggests that
Lo : hal ;

universities encourage .such activity. In particular” we.recommend R
’ - 3 i . N :

—~ s v

. : that special provincial fund§ be made availéblq to mathematicians at

Lakehead and Laurentian VUniversities to enable them to particfpate
- - - * - -
-

fully in’the’mathematical activity of the'provihcél We also. Support,

the idea’of externdl Ph.D. advisors- when practicable, and'suégest N

that universitiks pfovidé financial suppért for such arrangements. - '

i

A A i . > ' » -, : v
4. 'The Discipline Group supports the aencburagement of part-time master's

- . te

®udy, ?nd'recommends also that mastef's degrees be- obtainable by

3 1

L3 e

Y

L d »

. K pourse work and thesis, oY by course wQrk alone. .

-, g" 'w ;:' 4 . :,. I - . ) o - . .

5 - S(/\hith regard to thedrea, Reports in Chaptér II, the Discipline Group

- o, T - , iy ~; ;

- " . (i) would have preferred a suggestion by the consultants that the S
links betwe@n Computer Science and the other areas of the

» [ 4 v e

Mathematical Sciences be "maintained® *rather than “dtrengthened", . |

* Q' . ‘ - L]
" R *, in order to avoid the, possib¥le inference that ties with digsciplines
e ' 4 PN . s B T g '
o . -, Outside of Mathematics should be weakened. v
y) . 4 . - R4 %

) e - . ' A i
¢ . : (11) discussed the validity of the consultants' (and adgisorslB .

-

.
s

L -

-

. ‘ - ‘ _ . . 2 > ’
" . - tonclusiong abqut the quality of Ph.D. theses in view of the limited
x : RN - . : . © e
> : N * . ' - - . ) g Y
N - , . gpporxuhity to examine them. There $2s no clear consensus on the. -
. s . . s . ‘ o -3
juestion. .o ’-. ‘ - — -

PR : RN L
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CARLETON UNIVERSITY . L
i ) ‘ \b; v v .-. Y R
RESPONSE' TO CONSULTANTS' REPORT « .- .

o ) . - y .
'

b

R . ' MATHEMATICAL SCIENCES , g e
N - P .
S . 4 - N . 1 ‘:“
€~ l* . -} R 7 N R . " - . ; : “
. o, A H .
1) Generaliégmments* T e ; q
- . ' ) s ’ . 3
Considering ‘the limitations under whlch the‘consultani° - R
~and advisers worked, amd which are 1nherent in gnch a*’ N ‘e

wrde-ranglng study conducted im a relatlveJy Jimited. tine - ?

pe¥iod, we are impressed by the thoughtful and, penetratlng

’ document>they hate pyroduced. Globally, we believe that’ they
,have accurately assessed the current state of dffalrs in -
+he mathematical sciences in Ontario and that Lhen rc commenda!ion,s »
are sound and in the_right direction.'! " -,

- b 13

2) Response to Specific Recommendatlons. o ,/3 ) o 5 .

L

’ (a) Qoqgeratlon with’ the Unlver51ty Df Ottawa - . c
(Recomhendatlons 15.1; 22, (;v),_32 111)

L . . -

«

. Generally, we are worklng to improve c l\aborat:on with .

. " the University of Gttawa in all are of -the mathpmatlcal g
. sciences. For example, we/have ‘instituted periodic maetings

. ) +  of the chalrmep of the two departments to co-ordinate the

schedling pf graduate courses, to arrange\for other joint

. _activities ahd to keep each other informed about the

+” academicyplans of ‘the respective departments. Jn Probab111ty
. _and Statistics we have propOShérrhe institution of periodio

full day 301nt'workshop sessions for facufiy-andlgraduate . e

students. G, [ , \ , T

L £ . -

* 1)

.It is p0551b1e to arnaﬁge fox faculty members of nelghbourlng
unlver51t1es to be involved with the iﬁpEIV151on of Rh.D.
- . students.in our department when /it is academlcd}ly ’
.. ’ agproprlate nad p(oglded that the’ other 1nst5tutlon 1nvo]ved‘
' ! also 'gives *ii\s apfroval. ¢ : ‘ - s
' ~ 3 « - ¥
T In respohse to 32. hai- regard;ng the development bf a’ i
comprehen51ve qunt prbgram.of ﬁcademlc 'work in computer SN
. science for the ‘Ottawa’ area, a ébmmlttee has bceu formed - " - ¢
- +  which includes’ representatives: of the Depantmep(;‘cf ) -_’z
T Mathematlcs and Systems Engineqrxing.at- Carleton niversity
- . . and the Department of Mathemagics and Computer Science at
T the-University of Ottawa with the responSJlelty of

. drawing up long- range plans. ) . J,, . ) -




e

4

s oo
EY

.

. ol 4 .
. . -
Cc-2 R

(bYThe MiSc. Program in Information and Systems,Sc1ence

Tﬁecommendatlons 22. 111, 32.1, 32.iiY: }

: /

We are.gratified that the consultants Wave recommended - . "t

the 1mplemeptatlon of the MiSc. program’in.information

et and systems science. . 'The question of the Yole of pfobablllty

‘and statistics in this program has been referred. to the -

joint committee for an internal Peview in the nghtlof

the consultants comment®, - X -

The M.Sc.' program at, Carleton whlch is the jOlnt resgan51b111ty

of the Departments of Mathematics. and Systems Engineering

has already attained a viable size, and it appears to be

a program that fills a demonstrated academic need at ‘{hfs

University., Since the compareble program at {he Un&vers:ty -

of Ottaw involves Five- departments, such a ‘joint program )
R would in ve the formidalile organ:zatlonal dlfflcultles

, of co~ordinating a program involving iwo:un1Vers1t1es apd

“seven departments. However, the Reans of Graduate Studies

-and Research of "the two universities and a repre<entat1vev .

of the.‘inter- university committee, gre currently rgvestlgatmng
. the possipility-that some of the a3§1v1t1es and ‘courses
of these two programs could 'be mutually useful. .

Y.(c) s The Cooperatlve M:Sc. Program in Std%lstlcs o
(Recommendatlon 22.13): - - ) o

‘ . . )
‘ We are in complbte agreement with the. cjnsult&nts' .% :
recommendatlon that this program be strongly encourage
“since it '‘has been ah important step in* our development
“0of an M.Sc. program which provides fox .a sound &nd .
well rounded training for a career in applied proha&qlnty “
and statistics. , .

' o \ '\

(d) The Doctorai Programs in Pure and Applied Mathematlcs . -

and Statistics : (Recommendatlon 4.ii, 15.1ii,.22.1)

ghe report recommends that thése three doctoral progn‘L
cantinue with moxe precise deflnltlon of the fields -~
offered in the applied area..,Although the latter point
- is under continuing- rgylew, a preliminary recommendation
(’ has been made by the partment to specify tbe applied
*+"- argas as follows: = ° ) o

Al -
a -

~(ii) = Theory of Compytdtfon and Optimizatibn

* = M - -~ .

. ) ’ ",~ -
(). Applied Anal«sqi(s and Dynamical Systems . e
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The flrst area has been established for ‘a number of
years and represents the natural contlnuatléh of these
ct1v1t1es. The second -area, the theory of  computation .
d optlmlzatlon,'was selected four years ago py the'.
rtment in its imternal planning for graduate

studies as one which should be gf@gn speclial priority
and s singled.out for encouragement in the A.C.A.P.
consultants' report on Applied Mathematies. Since that
time the foundation for this area, 1nclud1ng the creation
of basic courses, has b&en establlshed .and we are
considering the completion of this development as soon
as adjustments in staffing make this p0531b1e.
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' UNIVERSITY OF GUELPH . .

. COMMENTS ON CONSULTANTS REPORT ‘ .
MATHEMATICAL SCIENCES ASSESSMENT . ' )

.
' “

-
1
B o

R In expressing our gener~l satisfaction Hith‘the report B

“

of the consultants we wish algo to en&orse the additional participation -

of advisors. This—deGiee for conguéting,tbe assessment of a complex

&iscipline may well gerve as a useful precedent for future assessments

. *

- of comparable breadth. 5 - !

r \\ In their first chapter the consultants have given their ’

opinion on a number of points. We are particularly pleased to pote

~
- - .

those pertdining 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 ' , - N

words in the first line of Page A-19 lead the reader to expect. In

.

that line, replacement of the words "graduate students by 'doctorak - T

i ’ . ~ -

. A [3 . . -
" v

graduate& would: remove the discrepancy. The consultants are to be

.

, )
1; \rommenqed for their careful analysis ‘of employment opportunities.

¥ . . In chapter .II, the Basic observitidns presented on, pages

A—29 and A- 30 relate chiefly to doctoral programs nat the suggestep

emphasis on qualfty and relevance ]p also appropriate to naster

. L, programs; we share, the*implied,concern of ‘the consultants.

\ o ~ Tbe statements concerning the Uﬁiversity of Guelph seem "
s ! .to us to be both fa%r and unexceptionable.; The suggestion for pur

- . . , . - . . , D
-.° . + mathematics (pages A-39, 40) 1s a useful one, as is that for applied -

© °  mathemdtics (pages A-50, 51). . :




\
We are gratified by recommendation 28 (page A-61) regarding
* our.program in statistics, where we take*particular note of the

¢
1

suggested cooperation with the Unijg}sity of Waterloo. The matter

of faculty appointments,ﬂ_nhile no easier for us than for our sister

universities, will ngt be lost sight of as aﬁpointment opportunities

occur.” In passing,we note with interest that the consultants have

.

suggested a nominal distribution.amongsf the universities for ten Ph.D. o
graduates per annum in pure’mathemetics; bgp/they have nbt‘done eo for
the ten Ph.D:'s in either applied mathenatics &#nd statistics (whether
theoretical fr app}ie&). A suggested distributiog_in thée latter area
' would have Heen helpful to Guelpn in contemplating' the possibility of
a future dev pment in applied stdtistics at that leVeI
. ' " The stat ment (pages A-69 70) concerning our work in

-, . 4

*  computer sciencg’is helpful. 1In this, as in the other areag, we are

cgpscious of ou Location in the‘lee,'if not the shadow, of Waterloo.

. P4

WeiwouléiweICOme the opportunity of cooperation.in the supervision of -

- s .- )
graduate students with our academic mneighbours. !

—~—

"yinally, with regard to Chapter III, we endorse the intenmt

-of recommendation -(pages A-T3y 74) in respect of inter-university

uld be pneﬁhred to participate where possible.

»

Recommendation 41 (page A- 77) regardiﬁg part-time students reinforces

=

arrangements, and

one aspect of the University s Aims and Objectives as published

-

several years ago. And as for Recommendation 45 (page A—82) we .
Ny o R
observe that Guelph has for some ‘time beén involved in the’ cooxdination
¥ I . . - . . R . .
of library services.

S

. . ) ’ .
. . ) 'Nﬁ The .report, 'in brief, is a.good one. ) : ' -
. - . . » " ‘ ) .
.o hRkAkh )
- ’ -, os .
S A 12, 1976 Lo |
ERIC .- Avguet 12, x |

W1
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-Comments on '"Planning Assessment of the Mathematical

*Sciences in Ontarno“, El)Btrkhoff Cox Bnd Morrish

. A “\[ ra o A
The dacument referred §o is the final .report of the ACAP consultants.
It differs little in essential respects regarding Lakehead Unnversnty, -from
the prellmnnary documengt which reached_u; in December 1975. We feel (bat
our comments’ forwarded n December 10, 1975, are still applicable, and w!sh

" to do_pu more at this time than summarize the major points discussed 4n the

December 10, 1975 document. . -

-
M .

P

We feel that the advisers and consultants have

given Lakehead University a strong end§$sation

in the area of pure mathematics Shq we are ..
encouraged to continue and stfghgtben our c
efforts in this program. '

. v ‘ [
We believe that, while the ACAP advisers were'
‘ca;kfdl to restrict their comments to the area
of pure mathematips: we are justified in reading
into these ¢omments approval of our entire program,
and plan to proceed on this basis. .
With respect to fhe'critical/area’of enrol}enf, 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 fair. However, the )
descr}bed situation is not one tHBtUwg can easily
~ rgmedy with the Existing area restrictions on our
1"Mz$c.,program, and it is vital to us that our '/

Y R
p?gsgnt success ful program be broadened into other

applicable areas of fmathematical sciences.

17 %

ERI!
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- MCMASTER UNIVERSITY f ~
\ Deanyf Graduate Studies . .
’ g 1280 Main Street West, Hamlllon Ontario, L8S 4K1 : . ) . )
Telephone 525-9140 ) i ; . . . -
- - ) ' f\\g ‘ September 28, 1976 . A
“Dr. H. H. Yates, . T , .
Execltive Vice-Chairman, 0CGS, . . N
* Counci] of Ontario Universities,’ . - . SN
130 St. George Street, Suite 8039, e o !K»

Toronto, Ontario.

Dear Dr. Yates:

In comment1ng on the reportsenf the Mathemat1ca1 Sciences assessment °
* we confine our attention to the consultants' report. Our commengs 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 theses -and the
Statistics facu]ty, as well as Recommendat1on 12y~

Plire Mathemat1cs—(pu A-37). ' . e

We feel that the consultants' ‘comments on our Pure Matfiematics programme ;
genera]]y are fair and -accurate. There are only two points on which we take issue
- with-the consultants. -
1) “As we oted in our respohse to the advisors' report on Pure Mathematdcs
P we are .very unhappy wi 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 that~there have been several theses
written by our students which, by most peoples' standards, are considerably better
than "acceptable". We would rate them as gutstanding. We have on file reports
from externa] examiners, who are internationally known mathematicians, that describe #§
these part1cu1ar theses as "excellent". In addition, we note that more than 20 -
of our Ph.D. theses have resulted in pub11cat1ons in such journals as the J. f. d. -
Reine . Angew. Math., Trans. A.M.S., Can. J. Math., Pac. J Math., Math. Zeit.

Math. Jdap., J. A]gebra, Abh. Math. Sem Hamburg. . // ) '
Ve .
2) The statement in the fourth paragraph that "the majority of the
doctoral theses ... examined .were, understanggbly, in the area of Algebra", may

create the-impression that the majority of=our Ph.D: theses are in Algebra. It
was po1nted out in our respomse to_the advisors' report that this is incorrect

and that the*46 theses completed to date have been distributed as follows: Algebra
12, Analysis 17, Geometry & Topo]ogy~11 and Graphs & Combinatorics 6.

hK% Th ‘Eonsu]tants suggested that "unless some positive steps are taken,... =
- it will be dilfficult to maintain a lively and vittal programme in Pure Ana]ys1s at

McMaster". -In this regard jt is 1mportant 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 agd the other,
Dr. M. Isma11 has been appointed in the Department of Applied Mathematics. These
appointments strengthen -gons idérably our work-in Analysis, work which we ‘believe

o s already well in ljne with current 1nterests and applications as called: for by

[:R\f: the consultants. e -‘ 17, - ' . g

&
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_ Statistics (p. A-59). : " \ .
“, » ' We are anxious to ¢larify the situation’ in regard to our' graduate ot

. _programme offerings irf this/ area. As we noted on pages 8-9 of our Five Year
.- ) Plan, which was part of the material submitted earlier in conpection with this
_ assessment, we do not ‘offer doctaral 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 do-of fer dogtoral ’
- ) work in Probability~Theory but we regard this as Pure Mathgﬁhtics and not
s Statistics. : L - . - : ..
P . ’ * - N
The statement concerning the "heterogeneous" quality of faculty in
thé Statistics area prompts a ¢omment: Wé do not object to the overall judge-
ment but we would nate that the consultants retognized that we do have some .
very strong faculty members in this area includiAg\‘a—statistician of inter- /
i nationally broad repute". They are however, located in veral ‘departments. I
. We are engaged in a thorough reorganization of our Statistigs graduate work o
in order to unify our offerings and coordinate our strefgths and we shall be
happy to put the revised programme forward for appraisal. -

r

- - Y S N ¢ 3 -

Computer Science (p. A-68). - - - - >

[y - —

-

Qur Computér Science group has re-thought qu»he-structureB the graduate
programme $0 as to emphasize more distinctly its interdisciplinary character.- When

the opportunity arises, the University will give careful consideration to the - .
recommendation that anéther’ faculty member be added to strengthen the &re sub-. '
cts in Computer Science. o ‘

- * : we.requesi that the ‘above comments on the c nsd]tants'_%eﬁbrt be
published.- : : ’ f
‘ ', S Very sincerely youss, L et .
o R . .- -

| o
— i

LesTie J. King, .
’ Dean ’ .
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* dear Dr..Yates, \‘ .
. A , .~ /. . .
I am writing’to forward’the University of Toronto's comments on
c - " the consultants' report in the Mathematlcal Sciences which we
would wish to’ have publlshﬁd .
. 1
, The Unlveralty wishes to. express its definite’ satisfaction with \
the consultants' repert, which empha51ses the need for quality
and relevance in do¢toral*research, ahd which clearly makes- the *
~ -point (p. A-14) that, while a tea¢hing staff able-and-+active in -
research is’ essentlal to strong graduate programme's, 'the

<

converse does not follgw'. These are.viewg for ‘which this
, - University ha’s long "been an, advocate. We are naturally *
C gratlfled by the many positive comments made akout ou raduate
et _programmes in the maghematical sciences and by the' x&commMendations
. that-tHE? all continue. We especially welcome the very high
opifion expressed by the consultants of this University's .
. Department of Computer Sc1ence. . :

12
- <

, There is.no -doubt tiat the physical separation of the Department
,of Mathematicg in many buildings, some=0f marginally adequatulli
‘quality, has severely hampered communlcatlon within the Department.
X Some - steps have recently been takeh, and more are being planned,
“ . to improve’ the quallty of the'Department's spate,” but, in our
~ current c1rcumstances,,comp1ete centralization (particularly by
new bélldlng) appegrs beyond our reach, It should be noted that
Matheflatics is by '‘no means ynique in this respect;. man of our
' departments are phy51calty sp11t betweep several locatlons. Hl

r . . & ,

- . ¢
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an 'old' university, tack of aaéquate funding for renovation and
renewal of' outdated space has caused, and will increasingly
_continue to cause, academlc,dlfflcultles of the klnd noted by’ the
consultants.’ S . ) "

- .

We -intend to give very careful consléeratlon to the* recommendatlons
of the consultants regarding the review-of our program@es 1n.put$

. and applled mathematics, and the need for organizational ¢hange 1n
statistics. In pure mathematics, the consultants have outlined
four areas for study, it would be’ helpful if we midht have soéme
indigation of the precise nature of their concerns, which might -
best be obtajined (if ACAP has no obgec@%on) by direct .discussion
bet@een-the'consultants and the chairmﬁ of the Departme .

In applled mathematlcs,;we welcome, -and propose to 1mplement the
suggestidbn‘that an interdisciplinary review committee be established..
We- propose, however, to broaden its sco?/. " As the consultants have
noted, much applied mathematics is done oytside mathematics ‘depart-
ments. -~Wé would therefore incThde appli mathematicians’ from:
social, physical, and life science departments (including . s
englneering) on such a committee. Close linkages between the. "four
mathématical areas are clearly necessary at Toronto there are
other. linkages (such_ as fhat’ betwean Computer Sciencte .amnd -Electrical
Engineering) which are équally important, and which have contributed,
‘significantly to the strength of ‘our programmes. -

JIn statlst;cs, ‘five addissional cross appointments have already been‘
made to strengthen the Instithte of‘Appliéd Statistics, and ont new
appointment has been made in the Department of Mathematics. We -

‘.—~expect a final organlzatlonal solution to be evolutibonary rather
than revolutionary in nature. WhiYe’evolution towards depart-
mental status for the Institute is acceptable in principle, the
new. appointments needed scan be made; only slowly (if:at allk) in the
.current fimancial situation, R » . '
. i -

A ‘The suggestions’' made by the consultants regardlng cooperation.
.between Toronto and York in The mathematical sciencés are. accep /
table in pr1nc1ple, and are already being fo;}owed upﬂ

) [ ]
There are’a very few m}nok points of -fact which sKotld be ¢larified.
~ On page A~13, 2t is indicated that artificial 1ntelllgence,
domputet graphlcs, solid. mechanlcs, and control thepry are not
. covered adequately in Ontarlo. Ehe first two topics are, as

o

- -~
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mdlcated Gn page,g/§3 scovered 1n our beparment of Computer
1oqs ACAP asseésmeh«ts, there appears to be . -
considerable mathematlcal strength in ®o0lid m&8chanics at ]
Waterleo, but located in Civil Engineering #ather tHan Mathematics.
At Toyonto, there is ™y con51defa'b1e strength in control theory,
‘but, Yocated prlmquly in Electrical Engiheering, ands<only, partla'lly\
in Mathematics. These two examples 1Ilustrate sthe diffimulties P
of- assegsing applied mathematids only#Sn the basis of work ne in
Mathemati¢s departments; the consultants x:ecogm.ze thls pro le'm, ~

but it 1s werth re 'phasmlng ‘here. ~ - | &

L

s

14

'ﬁ‘méfly, on pa@ A-64, encoqraglng the- Univ, rsity of Tordbnto to

'cooperate with Scasx orqugh College is, ugnecégpary: "hoth Scarborough:

: agd" Erindale Colleges are 1ntegral ‘parts-of the University of

.Toronto,-sand their, staffs bartgripate fully in the graduate; act1v1t1es N

of\the Departmengs in which th& also hold ap901ntm01ts.~ e .
" . °. * . .
e Ny \ ~ . (_" Yours slncere‘ly,, oot e
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B e - onse of the.Universit_y of Waterloo - )
. ’; ’_ to thgzrt Qf the Mathema.tma] Sciences. Consultants
.. to the {dwsory Commlttee on Academlc P]anmng v-‘ ,. "‘
o / , ;ubmgtt‘ed to "ACAP, "Jyne 25, 1976 ‘
\: Do . v " T . s, ) ~
B . General Comments: . s : . o )
P L Y ' 4 d .y
;f ) . ‘ | ’ I@MvermW of Waterloo f1nds itself in general agreement
' & with tne report of tne. consultan“ts in the mathematicaT sciences. We beheve that
. i the fonsultants and the “a'[ea,adwsors are to. be cor‘ratu]ated for the manne: .
‘ "in wh1tn they have carr1ed out a dﬂ‘ﬁcul‘tvand comp]ex assessment We are
pa.rtwular]y p]eased to note the reco‘gnltlon by the consulmts\of the/generaHy
. ; * high quahty of tnhgrad'uate groggsamesurr the mathematma] Sciertes offered at ‘!
the Unwe}sut,y of ‘Jater]oo sWaterlod is unfique in Canada in the .emphasis it~ .":
i . ptaces -on the mathe;natﬂc/al sc:ences both a\t; the’graduate and undergraduate 1evels

The q*ﬁy of our undergraduate programnes in matnematwcs is attested to by the .

"‘success of - oum. Qccalaureate graduates in compet1t1ons for nat1ona1 'scho]arsh1ps '

73 - S , ‘.'.
“such asat?ﬁ)‘?e. offe#ed by ‘the National Research “Councﬂ arrd 'in the success of : ‘
Un1vers1ty of hater]oo teams in tﬁe Putnam compet1t1on o\/er the last several® vears v

9
In th1s pre‘st1gwus compet1t1on, to whitch the consultants re\fer, Waterloo hgs

S T TR . -

-
- stood f.lrst in 1944 second in 1968 and rece1ved honourable rrrentlon ‘Forﬁk and
 J ,l. \
Jth p]a}e in 1975 arﬂj ]973 respectweﬂy The University wﬂ] tont1nue 1ts ¢
efforts to ma1ntam h1gh quapty gradua.te and underg&aduate prog{\‘_ammes in the * e =
A > .
A' - Mathematieal Sc1ences.c A _ . \\\ '
. . . - ) ) v ] % o\ ”
‘~is . Speamfec Cbmmentszv ' Y . R i
:‘ o ~ ©  Uhile'we find thé <o su]tants' report *neraﬂy“éﬂcceptab]e.l
T - ) e ®
KBS we ao vhsh ‘to make 3, few spe£1f1c comments In the sect1on .on, pure «ma\thematms
e. '™
the.consultants’ recbmmend (recommendatmn 3( )) t”hat thewshould ‘be a unﬂorm
- " N " ) v ’ “ ~
EMC. - :”F _ . ‘ - . \\\ N’ -

I’ . N - p . ] .
E‘!‘ . ’ P . R o A . A
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qualifying examination for intending doctoral candidates in pure mathematigs , !

y . . - d . . ‘ ) ‘ 3 )
: . 1nc1ud1ng those in the Department of Combinator1cs and Optimization. , We can

report that the DeparUnents of Pure Mathematics and Comb1nator1cs and Opt1mlzatlon,

*

1
have already taken steps to implement this recommendatlon and have estab]wshed v

¢ g

5 a Joﬁnt comnfttee to genera]]y coordinate the programmes The suggested product1on
‘ . £ i .
of“aoout 3 Ph:D.'s per year 1n pure mathematlcs is’ reasonab]y cons1stentew1th our -

e _ l'preSent enro]]ment The' tuo departments w111 -continue to maintain high standar§s >

~» >

for the admission of students to the graduaté*programme% in ‘pure mathematics.

L 3 - -

c i VG' In the sect1on devoted to appﬁled mathematwcs there 1s a

o

d1sturb1ng reference to theeffect that aterToo has a “def1n1f§ 1n¢entfon ‘to . .

relax adm1ss1on requirements Yn an effort to dé/hle enrgllment”. e can state(
/ N " f
categorlcally that the-uepartnent of App]fedhﬂathemat1cs has«no»such 1ntentnon ;~ -

£ .

The Department&kms p]an to e&pand its enro]lment s]ohly ower the next few vears

.

- Dut we.be11eve thae this- expans1on w1ll be* JUStTfl&d by the job market for

- -
¢

.applied mathemat1c1ans part1cu1ar1y in positions outs1de of academic carc]es and '

»

. that it can be met without 19wer%ng—adm1ssaon standards. Ifwthese“expectations

] ‘are not fylfilled the expans1on l.ii not,occur. n - -
o ) * A %4 ® . ‘
: oot -In the section bn stat1st1cs the consultants recommend TR

. " . . N R
. - ) 1, .y .

that arrancements for consu]tlng work w1th other departments'be strengthened The ]
"J-, -+ - . ~

. Un1vers1ty has a1ready establlshed‘an 1ntra un1vers1ty consuTtlng senu#ce whigh
- is 1ocated.w1th1n the Department of Statistics. Th1s service 15 staffed by T

. facu]ﬁy memdérs and students The teachlng Joads of faculty members involved \7
areﬂreduced where there is a substantlaJ amount of fime devoted to serv1ce The
Ty . ponsu]tants also recommend 1ncreased co]]aboratlon with’ other un1vers1t1es.*&
* . ’ . —
partlcudafly Gue]ph The Un1vers1fy of Waterlog is already involved ]n_Jo1n§
s KPR ' . n - ‘ R 'tt ‘\, '
S T e N
* .1’«, i _‘ . . I c
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discussion;,with the UniVersity of Guelph to consider the possibility. of

greater 1nvo1vement of Guelph facu]ty w1th Waterloo graduate—students and the,
'establ1shmgnt of JQ]ﬂt seminars. The poss1b1}?fy of expanding’-this activity to N

{nc1ude other nearby un1vers1t1es is a]so being 1nvestkgated‘

N

t

. “In their general comments on part time students the
cqnsu]tants make the observat1on that tnere ‘may be more scope for specialized
A}

. * ‘.

master' 'S work and specifically ment1aned/the\ile1d of actuarla] science. "The
actuarial group in the Department of+Statistics at Waterloo has Reen offering‘

(S : .-
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
v
a -

prepar1ng for ‘tHe hlgher exam1nat1gns of the Society of Actuaries. The University

_does not offer.a Spec1a11zed m%sterﬂs degree in actuar1a1 science byt studehts
il v voa . -7

¢

{
{

tan,comb1ne actuar1a1 science courses vith courses 1n statistics and comguter

- -

science for an unspec1a11zed master's programme The Department of Stat1st1cs 15

14

v
7
4

ey

" also ‘planning to offer+an_ 1ntens1vé course in stat1st1cs for workers in qndustry

N »

" on an exper1menta1 basis dur1ng the summer of 1977. o ) - o

» At

> : 5,

pos |

: l'i . In the sect1on on computeimence the consu]tants express

concern for the future of sc1entvf1c cmuput1ng The Un1vers1ty of Water]oo has
’ays h’ad conswderab'le strength in the area of sc1ent1f1c computing angd we 1ntend. .

to ma1nta¥n that strength. Master ‘S enro]hnent An, cmnputer science has reached

L3

[ J
“the level planned and w111 be ma1nta1ned a¢ that 1eve1 We do not env1sage any

0

sxgn1f1cant expanswon in mﬁste?Seenrollment The DeparUment of Computer Science

- &

’.
w111 coqtlnue to maintain high standaros for-adm1sszon to its gnaduate programme

' - .
[ - '

-

5




Y . 1 .

-—

$

s .
. - U

RESPONSE OF THE UNIVERSITY OF WESTERN ONTARIO TO‘THE‘CONSULTANTS' REPORT ON
. THE MATHEMATICAL SCIENCES RQQENING'ASSES MENT

L . ] b
- ,zi. .

7 B —7'

1

* Tee following ‘comments are provided on the Consu]tants' report in
- the Mathemat1ca1 Sciences as a consequence of d1scuSs1ons of a Comm1tt§
agﬁp1nted to examfne th1s report.

Tf;‘ }

<

) ’ -~
Puﬁe Mathemat1cs . v " s

” P -~

J"l\ *

5 1. We ngte w1th satisfaction the omments of the Consu]tants concern1ng
‘ihe hjgh proﬁbrtgon of Canad1aq graduatz students in the'programs The' visad
student component of all graduate programs at Western is regulated in such a
way that it does not exceed 20%. Th1s ]eveT has been macnta1ned in Mathemat1é;

- A
'2. The ConsuMants' comment upon “the $pec1a]1zed nature of the doctona]
program not1ng that doctoral studies have centred. around‘summab1]1ty theory

and semigroup theory and dutomata. Two senior appointments with established
reputat1ons have since been made imMthe area of a]gebra1c topo]ogy —

*

\ . : .

3. The Departments note a reguest. for reappraisal pf the ﬁoctora] ro-
grams in pure fathematics and statistics. . Wegaccept these recammendations .
but bglievé. the remarkably short period prdv1ded to consolidate new areas of
strenqth may present difficulties. L £

.Agp]1ed Mathemat1cs S e ) . ..Z:,
1. Ne noteé w1th pleasure the recogn1t1on ‘given to Theore:2ca1 Physics
Sin the present Mathematical Sciences assessment. Based upon the researgh .
.record of the theoretical physicists in.the Applied Mathematics Department, .
we believe the present evaluatioh much more closely describes the preva1]1ng
state than did the comments in-thé Physics report (Report Uo .
\ ! B
. 2. The organizational rearrangements re,corrmended in Repo% 14, (page

4, Ne. 10) and commented upon by the,Mathematics Gensultantd: ha een  -a
addressed by the University and a revised program has been fil with .the .
OCGS Appraisal Comm1ttee ) ¢ -

A \ oy

Statistics ~ o 3 . o {b‘f

o

l. Un1f1cat1on of the organ1zat1ona1 ‘arrangements for statistics within
the Faculty of Science.is new being implemented with a view -in ‘the near future
« to- 1ncreas1ng collaboration with other parts of the University. Final arrange-
‘ments should be completed in t§ next few months. , A-statistical, consulting g
Seryice has been in operatioh for three years. PTans are in hand fq; the
‘ expans1on of this service-to statistical 1aboratory which will-serve as a
focal point for the statistical -activities of all statisticians and users of.
stat1st1cs in the University. . ) .

°

»oc2. A regu]ar graduate course- in probab1T1ty theory JAas been re- establ1shed
and w111 be offeredin 1976. , o

e,

CEN
, ¥
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. Computer Science : L L oy \lﬁ
- ' 1. Nh%]e Nesternq1s d1sappo1nted with the recommendation concernirfg a i
Doctoral program, it ha$ concluded that‘h collaborative proggam thh another )
university is not immediately feas1b]g A . . S

.

(s

2. The department is nonetheTess pleased that the success of its M.Sc. -
p?ogram has been recognized. Steps have already been taken to raise the
admission requ1rements (which were not prev1ously below, the Provincial stan- p
+ .. dards) for the-Master's pro ram in Computer Science and there-has been a 1

.

corrqipond1ng decrease in e ro]ment . . P
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¢ b
;'. Procedure for Mathematical Sciences Plafining Assessmert
— O T = - . e R M e // f.
. . 'App:DVed by COU - January 10, 1975. >
‘ - A < Enterpretation . 8 " .
A This docuﬁent'uses several words in specialized sgpses. These
meanings follow. ) .
) .,*Acrdnzgs:‘ COU - Council of Ontario Universities [ . . ) \ .
- 0CGS' - 0ntario'Councit\on Graduate Studies, an affiliat
. . of&0U. B . ._' < .
’ & ! . ACAP - Advisory Committee on Academic Planning, a ~
N o . committee of 0OCGS, e!fablished by By-Law'No. 3 . ‘
'* a - of 0CGS. o , ' -
- B * R . , '
) CDAS - Council of Deans of Arts and Science, an’ -
) affilfate of COUw~ . ’ '
) . L : . : : . "
'\ Advisor; . A mathematics expert whose.fun®tions are éxplained -,
- below; there are two advisors for each area.
’. r ) -~ -
. “ 3 .
Appradsal: | A-procedure leading to a decision as to whether 'or not
) the quality of a progrgme is or will be adequate; the ,
yuniversities have agreed not to begin, new programmes -
without first obtaining an appraisal and not to add new - _
- - ~fields ‘to existing programies’ yithout Teferral to the *~ T
. . ‘Appraisals Committeg to decide if an appraisal is | |
' P réajzredf‘ " ) o
- ’ S . ‘ . 1 B
Appraisals : - : .. L R Tt
Committee: A committee of OCGS, established by By-Law No. 2 AR 2N
. . of 0CGSs .. . - . ., . o .
\. - . N L N »o £
*‘Area? One of the four divfsions of the mathematical sciences
. N .~ used in-this p}anning assessment, viz, pure mathematics, o .
P applied mathematics,‘§tatistics,.computing science, .
- ' [ T ) N ! ' ) ' ”n -
Consultant :' One of three persons who ake consuftgnts‘to ACAP ‘and ) ’
) whose functions are described more, fully belew; theys , \
are ailded by " advisorg". - - :
"’ f . N . . L . \ g )
. Disedpline ~ o .« - - P
Group: = Refers 4o the Mithemgtical Sclences Disciplime Group,:" K '
o -, congtituted’ ag authorized by 8CGS on-15 NovEmber, 1974., - .

See Appendix I. Py ..

. . . - , . - . . S

. e -Grad ; .:. - ’ ' .. . ' .Y :- o .

- ﬁ‘: The word "programme" is used to signify all™aspects-of the . 7
o - .~ graduate undertaking of a department (or institute, etc.),

) : including ‘the actual &nd plannpe

- ) ! "and limitatipns of: areasof re
- . regearch facilities, and currié

— - - . =
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- Planning ) , . - .
Assessment: A formal review of current and projected gradua
programmes withjin a discipline or a group of distiplines,
in this caseiwithin-the mathematical sciences awnd ,
embracing‘ihe‘four ”areas" listed above. \
Four types of reports are referred to and de‘crlbed
in this procedure

]
a. An Area” Report wrigten by area advisor and °
» submitted ‘to the university concerned, ‘the consultants,.

and ACAP..

P

v - “
- .

. "The Consultants' Report, writtén by the consultants
and submitted to ACAP, and dealt with as destribed
in' Section G2. .

Al

. The ACAP Report, written by ACAP and submltted to °
COU. A draft fofm is first provided for comment to
unjversities and to the Discipline Group. -

. Tﬁe COU Report, containing COU's recommendations
to the Ontario-Council on University Affairs and\xP
the universities. .

. g . - " 'S
¢ Field: Each of the four/areas is further subdivided into
: fields.
University
pPlan:

/

" of Consultants and Advisors

«
M ~

Therenshail be ree consultants, two of whom shall be mathematicians
of internationdl standing with brebkdth of outﬁk on-the mathematigal
- sciences and with suitable administrative or consulting expeIience. )

. If it seems desirab ”APAmgy also propose nanes,
shall be approved by the Disci e Group.

B3. F;om the resulting r*et, ACAP shall select{its consultants.

//Ba. There/shf11 be’ eight advisors, two for Bach area. ‘Each advisor
shall/ be an acknowledged expert in the relevant area and at least
dvisor in qach area shall have extensive experience with
ate-work.w No.advisor shall be on the staff of an Ontario
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'The Discxpline Group shall - estahlish four ad hoc area

" subcommittees for the purpose of proposing names of potential

advisors for each of the four areas Each subcommittee shall
con51sg of persons-who work in the area in question and there
shall be one member from each unlver51ty that proposes to

offer graduate work in the atea; in so far as possible .the
.members of the subcommittees shgll be members of the Discipline
‘Group.. Each subcommittee shall meet with ah ACAP representatlve
to discuss the choice of advisors and to prepare a list of at -
least eight nqminations. These nominations shall be submitted
to ACAP through the Discipline Group which may comment on the

ACAP shall select the advisors from these llStS, and may obtain !
help from the con?ultants in doing so. .
)

C - Collection of Data and of University Plans

ACAP staff will prepare draft forms and instructions for collection
of data as described in paragraph C6. The Discipline Group will
examine ard commept on these forms and instructions, in particular
on the Thd of fields.

.

N .

After the forms #iave been completed b& the universities, the
Discipline Group will examine the data supplied, and indicate any .
inadequacies or inconsistency of reporting standards.

The Disciplide Group will consider and discuss also -the university
plans submitted. The Gfoup may make suggestions to an inddividual
university or, to ACAP as a result of these discuésions.

1f the discussions .of C3 were:to lead a university to modify jts
plans, it would so notify ACAP

2 »
pon

If a university,changés its plans at any time before the completion_

of the planning assessment, it shall notify ACAP of the changes.

Consultants are instructedto disregard any material prajiidied to .~

them whieh is at variance with the statements provided b he

university through ACAP. . v

Each uniuerslty ‘i$ to supply” to ACAP. (in the form dec1ded follOW1ng

’procedure C1l) the followxng information: ~— +

(a).the areas and fields currently of fered for magter's and
doctoral work - . s ) L -

~(b), for each area and field current lisss of fa{é;ty members,

numbers of faculty members, enrolments, degrees granted and
drop-ougs in prevmus,y,gars . ™ -

(c) curricula witardm of all faculty members now engaged in .
graduatenlnstruction er spon expected to be  *

- ' - . ' 18 - - . 8 . -
” N " . o V ' - .

M e O

[

[ 3 -

» 3
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- .
\ . -

: (d)yhistorical data on graduate students covéring,.

- PR

(1) enrolment

“ (ii)  immigration status and-country of first degree:
(iii) N§inancial support ' . ,
(iv)  drop-out number - v o ~
(v) degrees granted ' - . '

(vi) post-graduation employment of PhDs 4
(vii) employment.of ABDs .-

(viii) list of dopﬁoral thesis topics . -

° (e) data on the undergraduate base, in part1cular enrolment in
work leading to graduate study . v -

(f) data and st#tements oh resources of space and‘laboratory and
computing-facilities , - . ) . ,
(g) data. and statements dn library resources, %in a form to be ;
worked out in conjunction with the Office of Library Coordination
(h) support;from related departments
(i) 1nter—un1versity arrangements for graduate study in mathematica®
sciences ~ “ . A
-C7. Each university is to supply to.ACAP. a statement of its plans for "
the future of graduate work in ‘the mathematical sciences, in as much
detail as possible, inder each'of the headings (a), (b), (f), (g),
(h) and (i) in C6, iAcluding exp11c1tly the planned numbers of faculty-
graduate students in/ each area for the next five years. ‘The plans
_« shald treat the years¥1975-1980 in detail and should look ahead to
about 1985 in-outline. The plans should be accompanjéd‘ty arguménts
supporting their appropriateness 4nd 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 .

<and

PR

emphaéis and 1in methods and content of Tathematical graduate ‘e

education, any plans bearing on, these topics should be resented ..
It is expected that the plans presen;ed in res onbe toé;h SEp T cedure
\‘\X\;) will be largely generated at the departmental lev ‘géﬁh )
contain components on which’ the(:niversity cannot comm:", 3 hlS .
time; the statement shall howevew be submitted b the , ¥
-, (through the gradyate dean) thereby ensuring tha!“ﬁ . . 0

_anything that is at variance w1th the genera%

policies or expectations

"t

. CS,’In addition ta’t mater1aL <in C7, the preside“ ach ¥naversi$y

is to make a statement concernipg the university s®lans Tor gr Uate'

"~ " work in the mathematical sciences. This staﬁﬁment ‘may comment on,
- - . " -
. ‘ 4 ‘_:-- a . B . ,.
- . e = 8 ' . '
- ~ \ . . 4 -
- '
- -" r . _f ’
* - 7 Pl
! ! \ 10'1 ¢ * \
. v &
. ! ¢ A
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, the C7 statement’ and should at least explain- the extent of

. . the university's cestment to thg prqjections of taculty

) numbers and anticipated enrolment = T

CQ. The dates for submission of these various reports ,shall be . ' ii
fixed by ACAP. / ’ . i

((/ ; ’ e
. D - Terms of Reference for Consultants-and Advisors - ',AAl“ L
' Y ~ - P .
DI. The consgltants and advisors wild meet with ACAP represenCatives —_—
for briefing. _3 nsultants and advisors shall meet with the
L Disc1pline Grouwp to discuss the terms of reference and practical
e ‘ arrangements -for visits. IP~desired, consliltants may at this -

stage suggest refinements or clarifications for inclusion in the

.

terms Of reference; if such 'suggestiovns are approved by ACAP,

they

. willlrequire ratification'by 0CGS and COU.

.
'

/

D2.

D3.

The consuLtants and advisors shall conéider the data and plans

. descrlbed in section C and may obtain other ‘data and views fqgm
any relevant source, such as employers of holders of graduate
degrees, professional and learned societies, the’S e CBunoil‘~
commission on maﬁhematlcs They shall acquaint -themselves with
the £8U pringiples governing plannlng assessments and, w1th some

cdmple ed ylanning asSessment reports. .
- ¢

The con ultants and advisors shall visit unfSersitxgs~1n accordance‘
with a schedule established by the consultants .and ACAP. The )
detailed agenda for'a visit will need to’ be established well in
« advance of the visit. The visiting team shall include-at least
two of the ‘thrée consultants and at least _one advisor for: each «
of the areas in which the university proposes to give graduate
wonk If dectoral work 4s involved in an area, both advisors
shall, visit. At each uhiversity the censultants will meet with the
Various approgriate officers (deans, librarians,jetc ) and with
the cha®#rman oé each department--involved in the assessment. "They
vlll also’ meet with staff and students of.at least some\of the areas
concernéd. An advisor will spend most of his time with the staff .
‘amd students of his area of expertise, but will also meet with
the’ chairman and with senior officers ¥f there afe partlcular
matter$ cbnterning his area on which he needs information from such
' sources. « - " . . S .
Apart from the initial nmeeting with the Discipline Group, the
“consultants may .arrange other meetinés with -the Discipline Group,
as they feel necessary or-at the request of the Disciplihe Group,
in ejtheér case after consulting ACAP
-4 y, ) - Y ' T
THe consultants and advisors .shall prepare, reports as described in
sections E and F. . ¢ ,//' ) - '

~

- . -

-

-

&

A\

L
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r ) E - Areavkeports . . v

—

kT

(i1) excellent (e.g.

(ii1)

(iv) questionable (e.g.

El. For each university, there shall be prepared an‘*Area Report for .
each area in whi®h ‘that university offers or proposes to offer
, graduate work. Trese reports will be drafted by the tyo :

advisors in the area, :even if only ome visdited; and are to be

finalized 1n consultation Wlth the consultants who visited the ‘g

university. . ‘ : Lo e

E2. -Each Area Report Wlll deal wiﬂh -one university only and will
cover the following: . i -
(a) Fields - for each fieldy discuss faculty‘numbers, stident "~
: numbers, courses given, course enfrolments, quanﬁity and . .

- quality of research output, number of master's and PhD de?rees
awarded, suitability of doctoral thes1s topics, quality o o
doctoral theses

(b) €an the current staff deal w1th the numberfof students prOJected
for five years7 If mnot, what additions seef necessary? -
(Undergraduate load will‘need to be considered.) ;!

> ' (c) The loeation of_theﬁundergraduate training of the students
(d) Commept on the adequacy of research and study space (office
' space) for staff and students. <Comment on other physical '
facilities, including, computer adequacy and computer avail-
'ability to the graduate student
A . -\ . L ".. v

(e) Discuss library resources on the basis of report‘supplied

. . \ 3:;_,¢| -

(f) Examine and comment on.gdmissidén standards, and if possible,
on the ,academic quality of the graduate- student body .

{g) For doctoral programme$ for each field indicate the- quality

“of education of fered the student, usimg the following categories:

(1) outstanding(e,é-
. .

comparable with the best in the world)

-]
in the,tep four or five,in Canada)
conpetent to good (e+g. there would be.little hesitation
in advising a gbod student to enter the programﬁe)
eitherthe quality is inadequate or
further study is required to establish its adequacy) -

The judgements should be justified by % discussion and should éefer‘.
to the current”state, but 1£ﬂany change (in either direction) can be
confidéutly foreseen it should be-&eported.. - -

. ' - -
- - . - Py , - .

1




should at present be supervised with explafjtory v
. comment if desired (this is particularI¥ *imp
‘& R for programmes with fields in categories (iii)\ and.
. ‘ : * (iv) but is requested .for all programmes). -

4") . N '
. B3. "Each Area Report shall be submitted to 3 . "~

. N (i) . the university, concerned ' o .

- 3

T » " (i1) thé consultasts . . : L a
~— " ‘ . ; R . /‘ , ° ! -

4 (i11) Acap. - S

+

vt ” A%éa Reports are NOT to be published or further distributed extept °

. $hat, if CoU. feels that an Ared Repbrt is relevant to the final COU
5 discuss‘on of the ACAP report the Area Report.will be made availgble

‘to>COU but not for publicatio* ; R ' -:,,

‘

. 4
N k E4. All Area Reports will be distrlbuted s1multaneous1v . .
' ‘ - [ ‘ ) - ’

~ *TES\ Each g iniversity will be invited to ’omment as 1t sees fit one&‘l
- ofwits Area Repdrts. - The university commerits will be submitted to
e ACAP- and ‘transmitted by ACAP to the consultants and advisors. The
S - _universityy cohments-will NOT b€ published or further distributed,
except to C on its reque§t as with Area- Reporj P b

. ¥

-

. TN . ' o . F - Consultant}' Report : . K

> g .

. FI. After t deadllne for rqceipt of comments on Aréa Reports from-the
.universitles, the consultants shall drafg.a single Consultants'
Report. It will be based on the material described in D2, the”
Area Reports,,;the”comments thereon ang of course thetr university

the Consultants Report be apparent, and to this end they shduld
. C include i.nformation from the #Area Réports ‘in any mamner which seems
< o to. them to be ‘appropriate- for - ‘their own report which will be a
' public dacumetit: They may also obtgln agssistance from their
advisors on ‘genetal considerations concerning the development of
the four areas in the\province or morelw1de1y .
° - [ . PEEN ¥ 3 '
= T F2. In their report, the consultants shal}:. - .<" . )
-t . - " B T :
. (™ Give a-general discuqksion of the current 'st'ate ~ofv graduate
.o éaining dnm mathematical gciences in Ontario including at
‘ ast the %llowing topics ! o .
. -

& .

.
) - . .

. ‘ .

. R e . «
, R ) - 19‘ .

. “
. - . . .
v . R

B .o . )

»
" .
.

ot

uy .
1] k - [ -~
N c— .i- . ! ! . .

) . N , -t - %

, ‘sits. It is important that the reasoning behind the recommendagions

4

e,

’




-

S } D-9 )
{ _ . \i . LS

4 -
H P

or discontinuance of the programme, or-continuation in

some form if successful in an appraisal, or initiation ...~ v,
{ .of .a new programme subject to appraisal, of joint programmes

IR Oor cooperative ventures. - -

In all ?,ses, Jis important that the ratiemale for recommendations- .
“be clear and the consultants should give their judgement of the ’ .
standard of each subfleld by unlveraety in the sdme manner as described . .
for-Aréa-Reports in item E2(g). .

. . ’ .

,(h) Discuss ‘the realistic possibilities for cooperative actiyity " )
involving a mathématical sciences department®and anothgr -
. department or-institutes elther mathematical or not, @ither .o
.in the gsame university orf another. Make recommendatisns gs
seem appropriate for‘specific‘cases. . ', R
F3. The consultants shall submit a-draft report to ACAP to permit ACAP
to ensure that it™neets the terms of reference listed - An F2. The
\~ Consultants' Report wlll then be submitted 'to ACAP ©L s

"~ )

C - AcaP and COU R eports . A -

* -

Gl. ACAP.w1ll then prepare a draft ACAP Report.

G2. ACAP shall squ its draft Report w1th the Couqultants Report as
an appen®ix to the universities and to. the Discipline Group for
comment on Qoth theseg reports. At this~ stage, or durlng theé
preparation of the ACAP draft Reppft, there could be meetings
between ACAP representatives and -thesDiscipline Group and/or some
univer51ties, 1f any party requested such a meeting. ThEre could

- also be refenmal of questions to the consultants by ACAP and any L,
material provided by the consultants shall be published by ACAP /
if it has been used for 1ts Report. . .

G3, The comments of the Discipline Group on the‘Consultants Report will
-be published as will thoge of any university so requesting, Put
the comments dn thd ACAP draft Rpport will not be published. °*

G4. After receiving the coﬁmentsu.ACAP will prepare the final ACAP
. Report and submit it t COUfwifh .copies to OCGS, CDAS and the ) o

-Discipline Group. ‘
G5. COU will not take: f1 al action on “the - -€0U Report until it has
"allowed at least one mpnth for the teceipt of any written comment
on the ACAP Report from univetsities, OCGS, CDAS or the Discipline
. Group., COU will cide what comments it will .publish. As a*
minimum, COU will publigh jthe cou Report angd tﬁe ACAP Report - /
1ncluding the Cons l;énts Report’and those comments on the Consultants' i

Report that are to be publlshed . : /

i '
.' .ol B N
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or discontinuance of the programhe, or continuation ih

some form if successful in an appraisal, or initiation . N
e i .of .a new programme subject to appraisal, of joint programmes

H or cooperative ventures. - -

In all E ases, Jis important that the ratienale for recommendations-
“be clear and the consultants should give their judgement of the
standard of each subfield by un1vera&ty in the sdme manner as described - .

. 4 for-Aréa-Reports in item E2(g).
L (8) Discuss the realistic pgssibilities for cooperative actiyity -
’— .
- N involving a mathématical sciences department”and anothgr -

- . . department or- institute, either mathematical or not, @ither
, . .in the same unaversity or’another. Make recommendationslas

- seem appropriate fOt_SpelelC cases. . ', AT

F3. The consultants shall submit a-draft report to ACAP to permit ACAP
. to ensure that 1€‘meets the terms of reference listed -in F2,. The
. . \~ Consultants Report w1ll then be submitted ‘to ACAP - .

-

G - AcAP ,and' cou Rg)orts A

. / . ‘
Gl1. ACAP.w1ll then prepare a draft ACAP Report 5._’ .

GZ. ACAP shall squ its draft Report with the Comsultants’ Report as
an appen®ix to the universities and to. the Discipline Group for
¢ comment on Qoth thesg reports. At thjis-stage, or during thé
" preparation of the ACAP draft Repptt, there could be meetings
between ACAP representatives and ‘the¢Discipline Group and/or some
univers1ties, %f any party requested such a meeting. There could
- also be referral of questions to the consultants by ACAP and any
material provided by the consultants shall be published by ACAP
if it has been used for 1ts Report. .

G3, The comments of the Discipline Group on the~Consultants Report will
-be published as will thoge of any university so requesting,
the comments dn thé ACAP draft Rpport will not be published.

G4. After receiving the coMments,,AQAP will prepare the final ACAP
Report and submit it tp COU»withncopies_to OCGS, CDAS and the PR
-Discipline Group . .

. L3

G5. COU will not take final action on “the -€0U Report until it has ‘
N allowed at least one mpnth for the teceipt of any written comment
on the ACAP Report ﬂrom unive%sities, 0CGS, CDAS or the D1scipline
+ Group. COU will cide what comments it will .publish. As a'
" minimum, COU will publigh sthe cou Report and the ACAP Report
including the Cons l;éuts Report-and those comments on the Consultants'

Report that are to be published

_V




Q

ERIC -
. T
t

1.

‘2.

e

Ne

LI < 3 ' \ ) , s Ty ‘ ‘
R o D-10 - o : o
) o _Appendix I v T

Mathematical Sciences Discipline’Group

[
* .

ngablisbmeﬂt of Group

’ Y

‘

a. On November 15, I97476CGS authorized the establishment of-a
* Mathematical Sciences Discipline Group with the following

’ membership: two~from each university intending to carry-on

graduate wark, and containing at least three persons wpfking,in
each of the four areas: pure mathematics, applied mathematics,s
statistics’, computing: - If the persons nominated by the
universities should not include three frbm each area, ACAP is

to coopt additional professors to make up the necessary

number. When there are matters for which it is desirable’to have

input from every univeréity concerned with one of}the four
areas, tie Discipline Group will be expected to;establish ad
hoc subgommittees. .

b. Changes of ‘a university's representative gre to be notifii';by
. the executive head. o7,

c.. The Group shall select. its own chairman.

«

Meet ings . .

a. The Discipline Group may meet at the call of its chairman or in

accord with it§ own arrangements.

O

b. The Discipline Group may he called to meet by fﬁgﬁﬁxecutive
Vice-Chairman acting for “ACAP. LT,

. . - , ! o
ey . I I (‘ ? “
Responsibilities PR * e

X

COU has imstructed ACAP to conduct a planning assessment in the
Mathematical Sciences and the Discipline Group will assist and
advise ACAP and generally facjlitate the assessment. ®

In the future, the Group is to keep under review the plans for
graduate work in the Mathematical Sciences i™Ontarioy including
dew developments and trends in the discipl¥he, and to make reports
to A@AP on a regular basis. For this purpose ACAP will assist the
group in obtaining information ?nd data, as mutually agreed.

The Group may make recommendations ‘to ACAP in connection with
graduate work in the Mathematical S8ciences when it considers it
appropriate. i ) S

. -
A . h
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Brock

Carleton

Guelph

Lakehead

McMaste? .

-

Ottawa
\, .
Queen's °

-

Toronto

Trent?

e

Waterloo ‘.
‘Western Ontario

“Windsor ;
y .
York

A
DISCIPLINE GROUP MEMBERSHIP

J. P. Mayberry'(observer) . ’
D. A. Dawson . s
J, D. Dixon .-

o !
C. K. Capsbick,.until September, 1976 ~
R7 E. George ’
T. D. Newton, until September, 1976\l
R. G. Buschman
G. K. Flem;ng,\until November, 1975
C. F. Kent -
J. H. M. Whltﬁield

' -~
K+ A. Redish, until October, 1975
M. A. Preston
C. R. Riehm

v
. . ~

L. G. Birta

R. Vaillancburt until September, 1976 |

W. D. Burgess ,

‘J. Coleman c
D. A, Jardine .

*G, F. D. Duff, until May, 1975

“S. Smith ~
T. E. Hull, until May, 1975
P. Hume

J. W. Jury (observer) - .

J. D. Lawson

D. A. Sprott, until July, 1975.
J. G. Kalbfleisch

J. H. Blackwell, until September, 1976
S. €. R, Dennis
D. Borwein

‘P. N Kaloni ;
F w Lem;re

G. E. Denzel:

A. P. Trojan, until November, 1975
M. K. Botta\ ) -~

bt
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. . * Ontario Cepmrcil on Graduyate Studies # .7
e, By-Law, No. 3

AVBy Law to establlsh a Committee on the Academlc Plannlng of Graduate Studies.

1. The Ontario Council on Graduate Studles, recognizing the 1mpertaan*9f b

. - . - . ] .
providing for the continued and orderly development of graduate studies . 1in

‘the Ontario universities, establishes a. Standihg Co itteé to be known as

. the Advisery Committee op”Academfﬁ’Planning (abbreviation - ACAP).
» R ‘C )
Interpretation : . " ‘ : »
¢ L . ' - . . . 4
2. +In this By-lLaw, . B "

\'- L . - P
. ." (a) "Committee' without further specifégagion, means the.Advisory Committee

~

on Academic Planning; - . N '

(b) "Cougc1l" or OCGS means the Ontario Council]l on Graduate Studies;
¥ E 3
‘ : J :
(c) ”Commlttee of Presidents' or CPUO means the Gommittee of Presidents of

- F o, o~ -

Universitiés ©of Ontario; . ¢ .

: P X - .
(d) "university'" means a provincially assisted university in Ontario;

L} .
. H
(e) '"discipline" means any branch or combanation of brdnches of learming so

designated; L ' . \_
(f) "dlsc1p11ne group means a body designated as such by the Commlttee of

. Presidentg of Unﬁversities of Ontarlo, and:normally consist;ng, for
‘ : <

any one discipline, of one represantative from each 'of the interested

.
, *
v

universities;~ !
. - (g) "planning assessment' means a formal review of current and projected
, ¢ - . . ,
- gradua%e programmes within a discipline or a group of disciplinesj.

(h) "programmé" signifies all aspecpsiof a particular graduafe undertaking;

. '

1) rab&onalization ~-means the arranging of graduate programmeé in order to’

-
-

avoid undegirable duplication, eliminate waste, and enhance and systain
quality. L o -

- nr




Membership

3. (a) The Committee shall consist of at least seveh members of the professorlate

in Ontario.unive;sities, some of whom shall be members of the Council.
e . .. ! ’

The members of the Committee shall‘serve for such pefiods of time as the

- ' -

. » .
Council '‘may determine, and they shall be selected in such manner as
. ) :

provide for reasonable balance both of academic disciplines and'of

-

)

universities.

hd -

R 354 . .
The members of the Committee shall be appointed as individuals.

. 1 . . 7
Chairman . . . . ,
: X CT ey '

F

4. The Chairman pf the Committee shal!gbe named by the.Council, and he shall

f‘
one vote. s e : ’ A .
+ . ‘:“L - .

Quorum

5: A ma%grity of all members of the Committee shall censtitute a qﬁorum.A‘

anptidns ‘-

+

6. The functions of the committeé shall be e

(a) To advise OCGS:on steps .to be taken to impfement effective prov1ncial

planning of graduate development;

-

——

To 'pramote the rationalization of graduate stTdies within the universities,

. )
in cooperation with the discipline groups;

A ‘ * ’ . ) _
-To recommend, through OCGS, to CPUO the carrying out of planning assessments

of disciplines or grodps of disciplines and.to recommend suita}le\arrangements
and procedures frr each assessment, ’ .
L4

; To superv1se the conduct of each planning assessment approved by’ CPUO

To ‘respond to requests by CPUO to have a discipline assessment condncted

by proposing suitable arrangements; . ’
! - ‘ -
to submit te CPUO'the reports of the assessments together with any

-

recommendations which the committge wishes to make . « py of the report

"

shall be semt to Council.




. ) N . —
oL . -
. . N .
- . '
» 2 ! ’
F73 o
. T \ . T, - ’
A ¢ Jurisdiction o . ) : . -
- . . ’ i * v - . i‘ . > [
7. In order that the Committee may discharge the, functions described in Sectjon 6 |
. r ’ . ’ ’ E

-
¢

- aboye, it shall be'autho7ézed

- 4 J L
(a) to request a upiversity to provide such, information pertaining to graduat /,
. R ) . - , ) ~, —

studies as may enable the Committee to discharge its functions;

» “ - rdl
f (b) . to reguest a discimpline grpup-to,p{nuide«sueh infqrmation ag may enable the

.Commlttee o) dlscharge its functloqs, e o L R

-

- (c). to receive reports from the univerfitiés and from the discipline gIOUPS ,°

-

g .
and to commént and cammunicate w1t?}the unlbersltles and the dlSClpane

¢

3
BN groups concerning such reports;

. .
>

. L4 ‘ } ’
Jé ’ .

- (d) to eonvene a}ﬁeetlng of any dlSG&%llﬂe group for the- purpose of dlscu551ng

"}\r’ -
the developﬂent to daee, and Qroposalswfor the future development of, (/
. . . N
graduate studies in the d15c1§3§ne concerned; ,\
) »
(e) to send one or moré representatlves to a meeting of a discipline group at *
- ‘( ’
' ‘ the 1nv1taxlon of the‘d15c1plﬁge group; .
-‘ . = v
(f) to -make such suggestions to a discipline.group as may be deemed appropriate
. PR °
L4 8 - - - T - - ! . s - I - '
to the functions of the Committee; !
2 N v
(g) to'superviée the conduct of planning asséssments, and to report thereon to
- » .
v . \ !
the Committee of Presidents of Universities of Ontario; o, . .
-{h) generally to report and to make recommendations to the Council; ] .
Fi i
) . . , :
3 (1) to segek and receive advice frém appropriate experts; . . !
4, * ke ’|
(j) to employ consultdnts in connection with planning assessmants. ]
. Procedures : . ' .
4 . ‘ . B ! C Y
“ "_-8. . The procedure to be follewed by the Committee shall be a& approved by Phe /
ewo L - Lo ’ o :
Committee of Presidents ‘of the University of Ontario: g e
B . , - \ . A ;
. . R B \ N
9. - The Committee's function is solely advisgry. = Ll .
' - ot / -
. Effective Date L r - ) .
. 10. This By-Law shall take effect January, 1971. L ' PRM.
\)‘( 2 . * Nl v f'- - ' *
ERIC 1| A AR
, . : . .

0
, .



- +
b

AdAP DISCIPLINE‘GROU#S AND THEIR ROLES

'

' <

-1, Establishment of a Grqug . . —
When.lt is considered desirable to activate plannlng of graduat® work in some ty
discipline(s) or 1nterdiscip11nary area, COU, om_the ‘advice of 0CGS, will authorize
"the establishment’ of®an ACAP discipline group, if it was not already approved*and
included in the May, 1968 list. If it is already authorized, ACAP may decide to set’
it up as described in paragraph b. ° ¢

he. Executivé’Vice Chairman of ACAP will then inwite the executive head of each
univers1ty (including Waterloo Lutheran Unive sity) either to nominate a member

of the discipline group or to'indicate that h?s university has no plans for gra
uate' ssudy in this discipline in the next five years or so. If a univers1ty caf ,
state no plans for futipre graduate work in the subject, but feels that a watching
brief is desirable, it may appoint an observér to the group.

'

g
Changes of a university's nepresentatlve are to be not1fied by the exécutive head.

" The group shall select its own Qnélrman

2. Meefings’ ’ . EL , .
. ’ -

A discipline group may meet at thé call of its ,chairman or in accord with its own
arrangements: ' . . /

¥ -

A discipline group may be called to meet by the Executive Vise -Chairman acting for
ACAP. : .

3. + Responsibilities

+

The group is to keep under review the plans for graduate work in its d1sc1pline in

Ontario, including new developments gnd trends in thepdlsc}pl1ne, and to make

reports to ACAP on a regular basis.

Thesgroup may make recommendationg to ACAR in connect1on with graduate work 1in

#ts discipline when it considers it appropriate.- .
N - .

. < -

ACAP w1ll agsist' the group in obta1ning information and data, as mutually agreEd._

N s

When COU has instrdcted ACAP to conduct a planning assessment the d1sc1pl1qe
group will gssist and advise'ACAP in_determining procedures and terms of referencey
will report as requpsted and will generally facilitate the assessment

- ) N . - n l 4

Approved- by OCGS March 22,.1973
andﬂby”C@U April 6; 1973
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v GARRETT BIRKHOFF - . . N ‘

P : .
- - R . r . . s -

;Born“Princeton; New Jersey,'qanuary 10, 1911 ) i“'

a5, W -Harvarg, 1932 . S T ,

‘Honorary doctorates from: . o DY R . o~ L

. ~ -Universidad Nacional de Mexico (1951) (A :,,-*. .

~ Unlversify of Lille (1959) St ’ /f
‘ Case Institute of Technology (1964) 0

“ ' LY - rl 0 ' ' -
- N
- - . - R T

- Harvard University, Instructor, 1936 38 ' 2 ; ‘
i Agsistant Proféssor, 1938-41 .. . . -
' v~ ~Associate Profegsor, 1941-47 C T

. . Praofessor,.1947- . , . o .

. . Putnam Ptofessor vof Pure and Anblied Mathematics’, 1969-
Consultant for varlous industrial and governmental laboratokies .

* \ . . s &
hMggenheim Fellow, 1948 .- o n < . -
Member, National Academy of Science . L ;
Member, American Academy of Arts and- Sc1ences, Vice—President, 1966 67 ~
— .  Member, Association of Computing Machinery .l,‘.
¢ Member, Mathematital Association of Amerida, YITe~President, 1979-71

Member,  American Mathématical Societ¥, Vice-President, 1958759% " ) ¢

Fellow, American Nuclear ‘Society: ' . . i “ L

. Member; American Philosophical: Society . * " ' 7

" Member, Soc1ety“qf Indudtrial and Applied Mathemat1cs PrESident, 1967-68— 7 i,
‘ Memper, Mexican Mathematical Rociety . ) NI

N . . . s . . . B ) LI .sr"

A~

[

Fluid,mechanics; dumerical'analysisﬁ-teactbirtheory; modern algebra T
. . . . A . . '

o= . ’ * i . * - -
> ) " . - N i " . .
‘ Address: Department of Mathematics L . o
' -t . " - [ - L)
. Harvard Uniyersity ; N o ] -’
: 1 Oxford Street . ST v : i .
Cambridge, Massachusetts . N ’ ) E ‘ . ]

02138 - . - e
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, S . -, DAVID R. COX+  + L -
i - li . . ';, . ' . .- | r ] &' - . : )
o ' Bgrn Birmlngham England, July’ 15, 1924 o - ‘ .
I}‘-g &1 B.A, y Cambridge, 1944 S ' <7 . S
YU M AL Cambridge, 1950 .0 .. T , : s
. .. Ph.U. " Leeds,d1949 . i S : e -
¢ B - Lot - g , et . N A
N T S | . S
',?;: _f Koyal Adrcrafe Establl hment Junlor Sc1ent1f1c Offlcer, 1944=46 C
‘1‘, * Wool Industries Research Associatlon, Sc1ent1fic Officer, 1946-50 : .
‘ Statistipal Laboratory,rCambrldge, Assisgtant Lecturef I@SO 55 ./ ¢ f
. o University of North Carollna, Vi81ting“Professor3 1955‘56 . ‘ U
. . ,University -of London Birkbeck College, Réader, 1¥56-51 . .
T : . Professor, 1961-66 : TS
: Bell® Telephone Laboratories, Technicalvitaff, 1965 .« R
3 University of London, Imperlal College of Science and Iechnology T
L R : . " Professor of Statistics, 21966- =
N i . ‘Head of: Department of Mathematics, 1970~ 74
. . : - o
5,. - ? hd /-0 ’ a i . " , ‘~ - , . 'H ) . R .
- Edltor, Biometrlka, 1966- | . F . ) r
a“. '\~Fellew, Royal Society . y .

Foreign Honorary Membet, American Academy of Arts and Sciences

Guy Medals in Stlver ahd Gold Royal Statistical Society- ' oo
Statistical methods; sﬁatistical theory, applled probability‘theory, oper-

iationql ‘research.

.
- .
‘. L] d

> / <o - , ’ . ST .
L . I ot : . ) v - et n ¥,
-Adde@eés:  Department of Mathematics , . e .
— , Imperial College of Science and Techmology - ( W, e
— . ’
v . 180 Queens Gate , . ’ ’
M B “ . ’
. . Londgm, England . . . i . .
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. . L 3
. ALLAN H. MORRISH ) ‘ ’ v
* . L ) ‘ c . ’
o i ) . ) - - ‘ 3 B . , .
. ,;,Bom‘ Winnipeg, ?Ianitob'a, April 18,’ 1921‘ . ’ -t . .
T B.Sc: Manitoba, 1943 ., - _ - | . : ’ . . )
T M.A, . Toronto, '346 v » ‘ ) .
Ph.D. .”" Chig@ago, 1949 : . o / ' i
- | o T L. b oy oo~ _ ‘ " .
Univeijsity' of British Columbia, Lecturer,.1949-50 R :
' Research Associate, 1951-52 )
: Universir.y of M,mnesot? -Départment of Electrical Engineéring - .
- Resegrch Associate, 1953-55 ) \ '
. . U L Associgte Professor, 1955 59 '
. N Lo, T 5 Professor,, 1959-64
4 . Universjty of %gg)itoba, Pepartment of thsms e
' B . Professgr, 1964-"% _
: T - e -~ Head,  19%6- R )
f,'/\ : | N - e v | e '
©_ NRC Postdoctorate Fellowship, Bristol Univer51ty, 1950 51. -
* Guggenheim Fellow, ‘0xford JUniversity, 1957-58 Ve ' :
Fellow, Iastitute of Physics . i . ‘
. . Fellow, ) rican Physical Sociéty ‘
) Fellow, %l Society of Canadg .
Associate itor, Canad1§h Joumal ot Phys1cs, 1968 73 e
Member, NRC Physiis Grant Sele;:tlon Cormittee, 1969-71 - . .
Member, DRB Advisory,Committee on Phys1cs ‘Research, 1967-73 - e .
Presddent, Canadla'ntAssociatlon of Physicists,. 1974-75 "
- Convénor, Physfcs Subject Division, Royal' Soctety of Canada, 1972~ 73
f President, University of Manitoba, Chapter, thé Society of the Sigma Xi, 1968-69
s p - " * . . ) o . - ] ~ N . ) _
Cosmic rays; solid state physics; magnetism \ ’ B
4 ) [ ] , 4 ) v " . ’ 3 ‘
Address: Department ef‘Physics ’ |
Univérsity of Manitoba ) . . o
: : .Winnipeg, Manitoba,K = -° ’ ] . , .

J .+ R3T N2 : ‘.



.. . DAVED R. BRILLINGER L -

- . . / ’ B ¢ ‘ ! >
Born Toronto,‘Ontario‘ October>27,y1937 . > ! .
- £ @ \ .
“ )
. B.A. foronto, 1959 e . )
_M.A, . Princeton, 1960 ) . i ) -
Ph.D. Ptinceton, 1961 ; .

+
B - (4

- ) ; " . .
Be!&_Telephone'Laboratofies, Member of Technical ‘Staff, 1962-64"

Princeton University, Lecturer, 1962-64 . ¥
London School of Economics, Lecturer, 1964-66 RN <
Reader, 1966-69 ‘ _ o ]
University of California, Berkeley, Professor of Statistics, 1969- R :
- P . . “

Fellow,. Institute of Mathematical Statistics

.Fellow, American Statistigal Association C P
* Member, International Statistical Institute . ) -
’Countil Me&ber, Institute of Mathematical Statfstics, 1974-77

. Council Member, Bernou111 Society for Mathemabical Statistics and Probability,

-1975-79 . ) N
" Associate Editor, the Annals qf Statisticg .
Associate Editor, the.Annals of+Probability - ! ;

Editoria] Board, Journal of Multivariate Analysis e _{~ '//

Miller Research Professor, 1973-74 - ) pgﬁgﬁinh .

Guggenheim Fellow, 1975-76 - - IR L A :

S . L . . o —_— .
) -» v ' 4 ,

Applied probability; applications of statistics; wapdom processes' statistical
# computing

- s « - . - -

-4 ""‘ - . . . 4 D -~
. i . ) | .
Address: Department of Statistich ‘ . - - . |
. University of 'California - ’ - N
. Berkeley, California _' ’ .
94720 . 3 . . . !
). - B . M - . ~ v -
» ' ‘
» - ‘!/ ‘
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o » . JOHN E. HQPCROFT -
> . . e - ’
\d . ; ’.- - 4 *’ . ' (‘( i
-2 s/ - e “ ’ !
‘2 Bornlﬁgattle; Washington, October 10,1939 ' " )
. N / . - ) . I \'ff \l‘ N
- . ' » \', : i ¢ -"
BuS: Seattle, 1961 ) . \ '
- M.S. ¢ Stanford, 1962 - '
, "Ph.D. Stanford, 1964 . 2. )
, : . . - \ : :
? / " - . . o ' '
/ -Princeton,UniOErsity, Assistant;?rofessbr,‘1964:67 ¢ b
, Cornell University, Associate Professor, 196W-¥2 o
! Professor, 1972- T R
/" . . v
I/ ’
7. N - a ‘
A
Rd Member, National Science Foundation Advisory Panel for Computer Science, 1971<74
° Editor, Managing Editor, SIAM Journal on Compyting, 1972-74, 1974- )
- , . - o L e :
‘ ) A ¥ ] . - -
Finite automata; computer organization; programging fanguages Lo
- - ’ , ‘ . ‘:-
_Address: Department of Computer Science o,
Cornell University " - .
~ . o ' ¢ o -
’ \b Ithaca, New York R ) ~
' 14853 ) . . .
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N _ s .
’ . ' e JAMES M. KENNEDY. °
Born Ottawa, Ontario, April 25, 1928  , 1

B.A. * Toronto, 1949

s M Toronto, 1950
Ph.D. Princeton, l9§3 ’
/
5 Z Atomié;Energy of Canada Limited, Assistant Research O ficer, 1952 y
- * Associate Research Qfficer, 19557

: . 4 Acting Head, Depar
T 1968-69 agg 1973-7

4 v

President, Canadlan Inﬁormatlon Proce851ng Soc1ety:l971472’

i
Member, Canadian Information Processing Society | pooor) _ !
Member, Canadian Mathematical Congress ~———" L/ g,' ' . e
h Member, Canadian Assoc1at10n¢9£/?hy51c1sts , ' AR

Member, NRC Associate Committee on Computers, 1963L71
Associate Editor, INGR, 1974-

- .

P -

. Computer applications} mathematical software; oper tiné systems ‘ .
o ' { .
‘ . -4
P . 4 Lo . i L :
Address: Department of Gomputer Science : i : .« !
. . University of Britiish Columbia - )

: _ Vancouver,. British Columbia ,




WILLIAM H. KRU ‘ ‘ ]

~ h . . L . ¢ i
i ¢ - .

e

i * . j
Born New Yor?'City, New York, October 10, ,1919

o

FRITEPTR

S.B.’ " Harvard, 1940 - P ,
. M.S. Harward, 1941 : L '
Ph.D. ., Columbia, 1955
% . ‘ o .
‘Kruskal 4nd Kruskal,.Inc., Vtce-PTesident, 1946-48 .
Columbia University, Lecturer, 1949~ 50 ° ‘
‘University of Chicago, Instrgctor, 1950-51 , ) ‘
. Assistant Professor, 1951-57 © '
i e Associate Professor, 1957-62 e
- Professor, 1962~ , .
\ v ‘ Chairman, 1966-73 .~ . . " )
L * Dean, D1v151on of Social Sciences, 1974- )

Ernest DeWitt Burton Distinguished Serwvice grofessor,
. Depastment of Stétlstics-and the C8ilege, 1973

Ly N -

* y

ot Fellow, Institute of Mathematicgl Statistics
Fellow, American Association foz the Advancement of Science .
Fellow, American Statistical+Association ) Y I
. Fellow, Amerikan Academy of Artg ‘and Sciences - ,

Editor, Annals of Mathemgfical ztatlstlcs, 1958- 61 o { o
President, Institute of Mathema;ical Statistics. - R
Vice-President, American Statistical Association, '1972-74 ‘ o

- Member, President's Commiss?on on’ Federal Statistics, 1970-71 /

Chairman, Committee onw Natl?nal Statistics, 1971- ) . .. . ,
Linear‘hypothe51s theory; nonparametric analysfs"statistics and public poIicy / T,
. -, .
.. Address: Department.oflStatﬁsEics . A -
. Universjty of Chicago |, ) e )
. . Chicago, Illinoiq , . ~ ! o !
i’ . 60637 . : L. .- .
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- ' s+ WILHELMUS A, J. LUXEMBURG . o
. - - . 2 ’ - .
: ' . » ,
. . Born Delft The Netherlands, April 11, 1929 ’ ) T,
' a/ — ' . F ' ' e
¥ i Lo - e . 7
¥ . M.A. Leiden, 1953 C X .
* Ph.D. ‘ Delft, 1955 / - ' - L //a
N . i [ : / S
. : -
. Queen s University, Cﬁnadian National.. Research Fellow, 1955-56 . .
" University of Toronto, Assistant Professo{ 1956-58 ‘. S :
( T California Institute of Technoloegy, Assistant Professor,.1958-60 L : /
. A33011ate Professer, .1960- 62
. . , _ Proféssor, 1962-
. | ;_SJ - Executyéé Officer for Mathematics, 1970~ ;
" ‘1 l . * . ~ )
Corresponding Membj;, Royal Academy- of %ciences of Amsterdam, 1974— )
Editor,,North—Holl d Mathematlcal Libyary Series - . , :
. - . v - .
Functional analysis; spaces of measdrable functlons, integration theory, . .
approximation; theory, lattice theory, nonstandard:analysis / o
. ) 3 .. , i ) "
Address: 817 South E1 Molino Avenue - : et #
R Pasadena, California : - oL - . ¥V ’
, . 91106 . . S : e
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