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The survey reported on in this document addressed

itself to discovering what kinds of quantitative models have been
developed and implementea for educational decisionmaking during
1965-72, and what planning qguestions they are intended to answver;
where these models have been implemented and to what extent they are

being used;

and the cost of such models. A total of 126
questionnalres,

with an accompanying explanatory letter, were sent

out--61 to large school poards, 44 to universities, and 21 to
educational system authorities. The survey results presented here are
divided according to the three types of institutions considered and
by geographical area. Tables of summary data and a sample survey
juestionnaire and explanatory letter are included in the appendix.
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Report of the Survey of Canadian Users of Mathematical Models for
Educational Decision Making

This survey was designed to provide material for a speech to
be made by the author at the annual conference of the International
Society of Educational PlagnéFs held in Mexico City, June 28~30, 1973
as part of the proceedings of the American Association for the Advance-
ment of Scfenﬁe. The baper entitled "Canadian Experience in the
Application of Quantitative and Mathematical Models for Educational
Planning" was one of six scheduled for the session entitled, "Quantitative
Aspects of Educational Planning". |t was based to some extent on the
personal knowledge and experience of the author and her col leagues in
the Department of Educational Planning, the Ontario Institute fo; Studies
in Educafion‘ and on reports in the recent research Iifera+ure but even
more on the findings of this survey. The paper dealt with Canadian §
experience on the use of quantitative models over the years 1965-1972
under three headings:
1. What kinds of models have been developed and implemented? What

planning questions are they intended to answer?

2. Where have they been implemented? To what extent are they being used?
3. What has beenﬂfheir cost?

Some 126 qﬁesfionnaires were sent out with an expl!anatory Ieffer,z

61 to large school boards, 44 to universities, and 21 to educational

‘An institute affiliated with the University of Toronto, Toronfo, Canada.

2Copies of the questionnaire and letter as well as lists of the samples
are included in the Appendix.



system aufhprifies (Depérfmenfs or Ministries of Education in the ten
provinces of Canada, Higher Education Councils or Commissions). The
letters were éddressed personally to the minister, the university
president, or the director of education but the replies .generally

were from directors of reéearch, or of the planning or the data pro-
cessing department. A follow-up was made of some of the non-respondents
in order to ensure replies from all provinces. No general follow-up

of non—respondenfs.was attempted, and we do not claim that the sample

s "representative" of all educationa! agencies in Canada. We con-
sidered, for example, that only the targer authorities would have the
combufer resources to make the use of quantitative models economic.
Therefore the small school boards and universities are not represented
in the sample in the same proporfion as they are to be found throughout
the country. Certain small jurisdictions were surveyed, as the list
indicates, but few had any eipekience to report. Thirty-nine of the

44 universities or colleges replied to the questionnaire. The percentage

response by province was as fol lows:

No. of Weiversities Number Percentage

Province or Colleges. Surveyed Replying Response
Newfound| and 1 1 100.0
P.E.I. 1 0 0.0
Nova Scotia 3 3 100.0
New Brunswick 3 3 100.0

Maritimes Sub-total .8 7 87.5
Quebec 7 6 85.7
2

Ontario 16 13 : 81,

Central Canada v
Sub-Total 23 19 82.6



Province No. of Universities Number Percentage

or Colleges Surveyed Replying Response

Manitoba 3 3 100.0
Saskatchewan 2 2 100.0
Alberta 5 5 100.0
British Columbia 3 3 100.0

Western Canada

Sub-total 13 13 100.0

. .

Total 44 % 39 86.6

Seventeen of the institutions which replied had no experience of
vmodels to repor‘r.3 Sqme of these had, in the words of one president,
", ..made attempts, none of which have been successful.”" |In one other
case the bresidenf confirmed, '"We have a model, of course, but attach
no figures to it." ¢Etight other universities also must be considered to
have reported "no models"valfhough they either referred to design work
which had been conducted at their institutions or to on-going efforts
not yet well enough developed to be of use. For example, J. H. Sword,
Vice-President, Institutional Relations and ﬁdanning, of the University

of Toronto referred to the pioneer work on the CAMPUS model of Professor

Richard Judy and of Mr. Bert Hansen, now-research director for the

*Note: Only 43 institutions were surveyed but Lethbridge University which
did not itself have experience in the use of guantitative models
not only returned a questionnaire marked N/A but apparently passed
on a copy to the Lethbridge Community Col lege of which it once was
a part. The Community Coilege reported on two of its models.
Similarly, Brock University did not reply as a university but
reported a model used by its College of Education to predict en-
rol Iment and simulate budgets. The only college which was included
in our sample was the Ryerson Polytechnical Institute, Toronto,
which failed to reply.

3Tha1' is, either returned the questionnaire with N/A written on it or
sent a letter saying they had "not in the past_used mathematical models
in making educational decisions nor [were they] doing so now."
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Council of Ontario Universities. The president of Memorial University,
Newfoundland reported that they had "considered using the Resource
Requi rements Prediction Mode! (RRPM) from the National Centre for
Higher Education Managemenf Systems, Western Interstate Commission for
Higher tducation", Théf their data files were now such that use of the
model was feasible, and that they hoped to undertake a pilot study in
1973. Carleton University in Ottawa, Ontario reported that data banks
on their staff, students, space and financial needs had been developed
in the hope of being able to undertake simulation of the affects of
various management decisions, but thus far they had in use only a com-
puterized time-tabling system. The Vice-President, Plianning, of the
Université de Montréal referred to a number of research activities on
which it would be premature to réporf‘ The Director of the Computer
Centre of the Université de Moncton reported that they were in the
process of organizing the data base required for a mathematical simu-
lation model and that it would be at least two years before they would
“be "ready to initiate the use of such models in our planning."

Among the N/A (not appl%cable) or all-but-N/A university
responses, several made mention of unsophisticated enroliment prediction
models, but since they gave no details of the design or use of the
models it was assumed that they had npf been developed beyond the stage
of academic interest. Table 1 shéws the number of universities sur-
veyed and the number reporting N/A or all-but-N/A, by province. It may
be seen that there.is littie activity reported in eastern Canada--i.e.,

in the Maritimes and in Quebec, but probably for different reasons.



The universities of the Maritimes are small; they have not found It

Mo

o

necessary to use such planning tools as quantitative models. We were
surprised to find that such large English language institutions of
Quebec as McGil | Qniversify reported no experience in the use of |
models. Possibly as the president of one of the western Canadian
Universities reports sonewhaf'ruefully, They find their "Institution
[is] not conditioned to use this type of mode! for on-going operative
purposes. The human problem!" Considerable activity seems to be under
way in the French language universities of Quebec but only the Université
du Québec is ready to publicize its results. In Ontario all the
universifié; which receive public financial support and the Ryerson
Polyfecﬁnical Institute were surveyed. Only four reported that they
were using a number of models. The largest, the University of Tdron'ro,4
referred to the pioneer research experience'of Professor Richard Judy

but disclaimed routinely using quantitative models in making its
decisions.  We characterized the Ontario universities as old and new
(i.e., established before or after 1945) and small ana large (under or
over 10,000 full-time students enrolled in 1972/73). Two of the nine
old institutions and two of the seven new institutions reported activity.
Two of the four large and two of the twelve small reported the use of
models. On the basis of our returns we would not characterize the use

of mathematical models as "common'" among Ontario's universities.

4Wi'rh 28,150 full time students in the academic year 1972/73 the University

of Toronto represents 19.6% of the full time undergraduate and 33.5% of
the full time graduate students of the province of Ontario. (Figures are
taken from preliminary report of the Ontario Ministry of Universities and
Colleges.) ‘



The universities of the weéfern provinces seem more receptive
to the use of models in making educational decisions--or perhapc
their form of internal administration makgs it easier to implement
such models within their decision making procedures., Whatever the
explanafionf more models weré reported as being in use, although--as
the section of this report on the types of model reports--most of their
models are adaptations of ones which have been developed in the U.S.

In other words the reports of the western Canadian universities seem
to point to administrative adaptability rather than creative design
innovation.

Three universities in Manitoba were surveyed, the largest and
oldest reporting experience, two small new ones reporting N/A. in
Saskatchewan |imited experjence was reported involving both campuses
of the University. In Alberfa both the large universities (in Edmonton
and in Calgary) reported extensive experience. The Universities of
Lethbridge and Athabasca reported no experience. |fj British Columbia
only Simon Fraser University reported its experience.

For Canada as a whole the survey revealed a rather surprising
situation. We Had reasoned that only the very large institutions,
those which undertake the lion's share of all types of university-based
research in Canada, would have the human and computer resources to
desién and use quantitative models. We expected to hear that McGill,
Laval and the Universifé de Monfréal in Quebec; that Toronfo,queen's

and Western (and possibly the University of Waterloo because of its



research Interest in mathematics and computer sciences) in Ontario;
that the University of Alberta (Edmonton) and the University of
Calgary in Alberta; and the University of British Columbia dominated
the field. Not so. However enterprising their professors have been
in the research and degign sfaqes of quantitative models, with the
exception of the two uﬁiversifies in Alberta, these insfffufions are
not using models. ‘

The university use of quan+i+a+ive models which is described
ﬁ%rein is based on the experience of 11 institutions which reported
Q;veral models each. Mosf not onl9 comp leted one questionnaire for
each model but afso sent reports or publications describing them in
detail. Table 2 shows the distribution of these institutions by
Canadi an brovince and the number of models reported. The problem of
interpreting the table is one of definition. What in one university
might be considered one comprehensive "model'", in another has been
reported as a set of two or Threé, according to the specific tasks
each sub-model can accomplish. Thus in one case the RRPM 1.6 (developed
by The National Center for Higher Education, WICHE) is reported as one
package and in another case as a cost estimation model, an enrollIment
prediction model; and a mode| which makes decisions about programs and
provides individualized student timetables. The reply submission of
the Director of the Office of Institutional Research, University of

Alberta, illustrates the difficulty, His letter is indicative of the

level of "modelling" work in the few institutions which seem to be
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taking a serious interest in their actual use. He writes, "We've

had some djfficulfy in providing a university-wide reply (to your
Ieffef] since, to the best of our knowledge, there is no one
decision-making model in existence on our campus." Howevef his

report covered:(1) an enrol Iment projecf{onrmodel used to predict

the transition from Alberta high schools to first year university

by a transition cbefficienf technique; (25 an enrollment prediction
model qsed to derive short-term, upper-year undergraduate enrol iments
by facﬁlfy; and (3) a staff estimation %odel, patterned on the tech-
nique of induced course loacd mix as uséd in the WICHE moqels which
esffmafes staff requirements for a give; mix of enrollment by faculty,
disciptine and grade. He also referred us to the work of DOr. D.M., Richards
of the Deparfmeﬁf of Educational Administration, which uses a modified
RRPM for making college enrollment projections, the work of Dr. D. Quon
of the Faculty of.Engineering'which uses a prediqfive mode! to estimate
enroliments in engineering, and the work of Professor A. McGeachy of
the Faculty of Business Administration and Commerce which simulates the
ettects of student program choices in that facuity.

The actual number of models a university thinks it is using,
whether one comprehensive model or a set of related models, is unimportant.
What is more to the point is the confusioﬁ between experience in "using"
a model; and work on the design of one which may have been used to
generate some numbers for a reform commission o as a "demonstration"

but can hardly be said to have become part of the reqular operations of



the institution. We have tried to concentrate on the reporis wuiv.
indicate ageneral use.

Of the 61 large school boards surveyed, 45 replied but four
replies (which were N/A) could not be identified because the board
official did not write its name on the questionnaire. The percentage

response by province was as fol lows:

No. of School Percentage

Province Boards Surveyed Response
Newfoundland 2 0.0
P.E.I. 1 0.0
Nova Scotia 3 66.6
New Brunswick 3 66.6

Maritimes Sub-total 9 44 .4
Quebec 12 i 33.3
Ontario 27 75,1

Central Canada

Sub-total 39 Cd
Manitoba 5 100.C
Saskatchewan 2 100.0
Alberta 3 66.6
British Columbia 3 100.0

Western Canada

Sub-total 13 CZ.5
Total 61 67.2

Except for the province of Quebec, the response of school brar::
was satisfactory: thirty-one reporfted that they had no experience of
using quantitative models in managing their systems and 3 regretted

they could be of no assistance because, although they had a computerizes
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system for "assigning students to programs in our secondary schools",
or preparing "individualized student timetables to ensure as far as
possible uniform class size by subject", or scheduling "classroom
use and teacher load", or "rgporfing student progress", they did not
regard them as quantitative models. They regarded these as data
processing operations rather than models because they were used on
a routine administrative basis but they were not used for planning or
to simulate the effects of various requlatory decisions. Eleven boards
considered that they were usina quantitative models and furnisned
detailed descriptions of them, most having implemented more Tgan one
model., The difficulty in assessing the responses i: that in many cas«s
the detailed replies of some boards include computerized timetabling
and schedul ing systems which are probably very similar to the ones
dismissed as "not applicable" by other boards. The difference 6bviously
is in the "eye of the beholder". |t may also reflect a difference in
~use of the same management tool. As far as we can judge from notes
and comments attached to the questionnaires some boards link the elements
of their computerized information system so that it can consider
questions of allocation of students, staff and space and produce
estimates of cost. Not all these boards had all elements of a simu-
lation or prediction model but they seemed to have the main componen+s
and made regular use of them for program and budget decisions.

At the level of local school systems Canadian experience, as

reported in this survey, is to be found mainly in the large systems of



Ontario--the area boards of Metropolitan Toron'ro,5 and the urban
systems of the cities of London, Hamilton and Ottawa. From our
personal knowledge we would consider that some of the large county
boards of education in Ontario (such as Waterlco, Peel, York and
Halfoni had had no less extensive experience but not all were part
of our sample and others seem to have misunderstood our inquiry and
reported N/A. This report probably understates the experience of
Ontario school boards. Apart from Ontario, the only province where
the large urbsn school boards appear to be making use of quantitative
models is Alberta where the officials of the Edmonfon and Calgary
boards sent in full reports.

Table 1 shows the number of school boards surveyed in each
province, those reporting no experience and some experiernce of the
use of models, and those failing to report. It should be noted that
the sample was'nof in any sense representative of all.fypes and siées
of local school authority in Canada. Only the boards serving large
cities across Canada, and in Ontario large municipal and regional
systems were included. However, replies were received from the major'
Canadian cities--Montreal, Toronto, Hamilton, London, Ottawa, Winnipeg,
Saskatoon, Regina, Edmonton, Calgary and Vancouver. .fhe detailed
experience reported herein is that of 11 large school systems, most

of them to be found in Ontario. Table 2 shows the number of models

5Parﬂcularly North York, Scarborough and the City of Toronto.
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reported by each board. As with the data from the universities the
problem in interpreting the school board responses was to try to

decide when a report refers to a system with a set of sub models, or

a number of distinct models which are used independently for a series
of tasks. As will be seen when the types models used by school
boards are discussed, the range of models is similar in each juris-
diction. They tend to include a student data file and a teacher data
file, used tc predict program choices,'prepare individual timetables,
report on student progress, equate class size and al locate teaching
load, and match teaching spaces to grOubs of students and teachers
needing classrooms, Sometimes they simﬁléfe costs for budget plannina.
Somet imes they simulate instructional costs for teachers salary
negotiations. Many Boards reported such mundane "models" by means of
our questionnaire, but also sent us papers or reports describing their
latest efforts which'used the files to optimize students first subject
choices, or optimize prime time use of specialized classrooms. A few
sent us publications describing in detail models which involved computer
mapping of attendance boundaries in order to optimize the use of
classrooms in jurisdicffons which were experiencing a high level of
migration, a system of analysing apartment dwellings to predict student
yield for an enrollment prediction model, a budget simulation and
decision-making model disaggregated to the level of specific educational
programs, and a simulation of quidance services for program deve lopment

and costing.
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We had n§ choice but to judge from the replies to the questions
on use, cost and personnel employed whether the models described were
experimental or of peripheral impor+ance and only occasionally employed,
or whether they had become a regulér part of the agency's educational
decision-making process. From our own work and that of colleagues in
the Department of Educational Planning, we are ;ware of quantitative
models used by school boards which were not part of our sample. For
example that of Mr. Bryan Elwood and Mr. Ted Vangel designed for the -
Waterloo County Board.pf Education. This is 2 geo-coded data system,
based on the student's home address, which will allow the computer to
simulate attendance boundary changes to optimize the use of existing
physical facilities, minimize the teacher travel time for special pro-
grams shared by schools, or examine any such policy decision where the
use of space and location of programs (and hence of children and teachers)
is being traded against Transporfafién costs. This SAMPS system appears
to be vary simiftar to the MAPS system reported by the Ottawa Board.

The system authorities which we surveyed were a mixed lot.
Questionnaires were sent to 21 persons including the Deputy Ministers
of Education in the ten provinces, the Deputy Ministers of Highef
Educafién or the Councils of Higher Education in prov}nces where they

existed, and a few other agencies concerned with higher education.

Seventeen repiied, the percentage response by province is as

fol lows:
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Number of System Number Percentage
Province Agencies Surveyed Replying Response
Newfoundland . 1 1 100.0
P.E.I. i 1 "100.0
Nova Scotia 1 1 100.0
New Brunswick 1 2 2 100.0
Miscel laneous Atlantic i 1 100.0
Maritime Sub-total 6 6 100.0
Quebec 2 1 0 0.0
Quebec Miscel laneous 2 0 0.0
Ontario ' 3 2 2 100.0
Ontario Miscel laneous , 1 1 100.0
Centrai Canada Sub-total 6 3 100.0
Manitoba 2 i 50.0
Saskafcgewan 2 2 100.0
Alberta ' 5 3 3 100.0
British Columbia 2 2 100.0
Western Canada Sub-total ' 9 8 88.9

Total 21 17 81.0

The Deputy Ministers of Education in Newfoundland, P.E.l.,
NoQa Scotia, New qunswick and British Columbia had no experience to
report. Manitoba's models (simulating the effécfs of services provided
for sfudénf transportation, and predicfing population and student

enrol Iment for the purpose of preparing financial estimates) are at

‘The Association of Atlantic Universities.
zFédéfaTion des CEGEP and the Association des.Collsges du Québec.
3Council of Ontario Universities.

4Includes the Alberta Universities Commission and the Alberta Colleges
Commission now defunct, '

5|nc|udes the Higher Education Council.
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the development stace. The Ontario and Alberta Ministries describec
a large number of models now being regularly used aﬁd Saskatchewan
reported two. | |

| of Thé 11 ministries and agencies surveyed which deal with
higher or further education, 7 replied to the questionnaire. Again
the activity seems to be concentrated in Ontario and the western
provinces, in this case in British Columﬁia. The Association-of
Atlantic Universities exbressed interest in the use of models, parti-
cularly some uniform accounting system among its members which might
provide the base for budget simulations, but no work has been undertaken
as yet. . The New Brunswick Commission .on Higher Education had no
experience to report; nor had the Department of Continuing Education
in Saskatchewan. The Quebec Ministry's Council on Higher Education,
the Federation des CEGEP ana the Association des Col leges du Québec
all failed to reply.‘ We were told that in Alberta the Universities'
Commission is being disbanded. It will be replaced by a Department of
Advanced Education and it is presumed that the new Ministry will con-
tinue work on post secondary student fiow mcdels which are now in
their design phase but no models have been implemented as yet.

The Ontario Ministry of Colleges and'UniversiTies'reporfed

the CAMFUS mode| which has been used for planning the system of
Colleges of Applied Arts and Technology since 1969. _From the research
department of the Council of Ontario Universities we obtained information
on four models, one of which is still in the design stage. The British

Columbia Post-Secondary Education Enrol Iment Forecasting Committee
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reported details of its enrollment forecasting model.

Even the most superficial comparison of the system agencies'
models with the institutional models of the universities or those
used by local school authorities reveais their differences in emphasis.
The'sysfems'models are designed to consider inter-institutional or
inter-budget-unit allocation questions, to monitor minimum levels of
support or service, to predict service demands and estimate the costs
of alternative policies. Confrafy to what we had expected, the model ling
work of the Ministries of Education in the two most experienced provinces
(Ontario and Alberta) was much more‘exfensive and sdphisficafed than
that of the Ministries for Higher Education. Possibly the traditional
institutional autonomy of Canadian universities militates against the
development of quantitative models for their systems planning. Only
in a very limited sense can they be said to be systems. In any case
such higher education models as exist seem to be limited to |OgiST}CS'
planning questions such as matching esfimaféd numbers of students and
teachers with space requirements, or comparing the unit costs and
staffing of progFams from one institution to another, ér estimating
the effect on total government investment of manipulating some aspect
of the unit grant system. Table l'shoﬁs the number of system agencies
surveyed in each ﬁrovince, Tﬁose reporting no experience, some exper-
ience, or failing to reply. Table 2 shows the number of models reported
by each agency. The system agencies are distinguished as those . .

responsible for schooling or those responsible for higher education.
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The geographical distribution of‘sysfem_experience in using models is
similar to that which applied for universities and school boards. |f
a foreigner wished to learn quickly of Canadian experience in the use
of quantitative educational models, he could get a fairly accurate
national picture by visiting two provinces (Ontario and Alberta) and
concentrating his inquir}es in three large cities (Metropolitan Toronto,
Calgary and Edmonton). He need only obtain reports and publications
from half a dozen large school boards, three or four universities, one
or two research units (such as the Council of Ontario Universities and
the Ontario Institute for Studies in Education) and interview three
Deputy Ministers (those of Education and Colleges and Universities in
Ontario, and Education in Alberta). Considering the decentralized
nature of educational authority in Canada6 the uneven disiribution of
the use of, even apparently of inferqsf in, quantitative models for
the management of this vast public service is rather discouraging.
One can scarcely, with credibility, speak before a foreign audience
of Canadian éxperfence in this field.

Having described the response to our questionnaires we shall

now comment on the information they contained.

6Ten Independent provinces, exercising autonomous power in education,
47 universities and 122 colleges which act as independent institutions,
and approximately 275 local school powers exercising considerable
control (within a variety of provincial Education Acts) over the
schools of their region.
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Purpose

The purpése of the models was described by their title and
the brief description given in reply to question 4. It soon became
evidenf; in checking the replies which gave full details and the
replies which at least gave a title and a two or three sentence
description, that a serious problem emeéges in trying to decide "what
is a mdel". Much of the reporting Involved linear programming models
of a fairly recognizable type. There were ofhér cases of computerized
data systems which obviously were elements of a system of models, but
whether they were used to simulate conditions and effects before policy
decisions were taken, whether they were used to allocate required
resources after general policy decisions were taken, whether they were
used as administrative monitoring and control devices to ensure the

proper implementation of plans-~in other words whether they were used

as decision-making models--could not be attested from the brief replies
to this questionnaire., Some other questions of the instrument, apart
from the description (particularly those discussing the personnel
involved fn the design and operation of the model and those reporting
costs) provided further indicative évidence of probable use of fhe mode | .
Some respondents supplemented the questionnaire with copies of internal
or published Eeporfs which were very useful. Detailed printed or mimeo-
graphed reports were received from the Ontario Ministry of Education

and the Ontario Ministry of Colleges and Universities, Tﬁe Counci | of
Ontario Universities, the Carleton Board of'EducaTioﬁ, +he Ottawa

Board of Education, the City of Toronto Board of Education, the
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University of Alberta, the University of Calgary and The-BriTIsh
Columbia Post-Secondary Education Enrol Iment Forecasting Committee.
We decided to take at face value all questionnaires which were fully
comp leted--so we treated them as quantitative decisidn—making models;
even though they may have been used simply as routine data processing
systems.

The models reported seem to fall into three types:
(a) Resource prediction devices which enable an institution to simulate
costs and prepare budgets. The most widely used of these are the models
devéloped by the National Center for Higher Education Management Systems
(NCHEMS) at WICHE in Boulder, Colorado,VU.S.A. We were an surprised
to learn that these had had wide acceptance in western Canada. In manyv
facets of educational tradition our western provinces closely foliow
American developments. The RRPM 1.6 was most frequently reported.
When it is used to simulate future costs it is driven by a detailed
prediction of enroliment. When it is used to allocate current rescurces
or realign budgefs,‘if works from regigfered enrollment. Input into
the mode! requires student numbers by course, regulations governing
course choice, staff resources regulations governing staff use, space
resources and loading factors, salary and ofhef césfs. .The model| then
permits the calculation of numbers of staff, classrooms, etc. (and
ultimately dollars) for a given series of programs and a given level
of service.
(b) The models of our second category optimize some factor or policy

as defined by the institution or system. Thus, for example, a grants
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simulation mode!l used by a provincial government not only will demon-
strate the overall anticipated costs for the following year but might
demonstrate the best mix of local and provincial cost sharing between
boards .of different sizes, say, and the central government. Or a
space model might optimize, for shared use by the schools of a region,
the use of supply teachers, or guidance teachers, or modern language
laboratories. The most common optimizing model found émong school
boards is a scheduling model. Not all scheduling models optimize but
many have this characteristic. We suspect that many échool boards use
the scheduling algorithms only to produce individualized student time-
tables in_the high schools once the students' registration has been
completed and the program mix for the coming year is known. We would
characterize this as a data procgssing mode! rather than a decision-
making model . And~many school board respondents obviously worked from
much the same definition, writing across our form "N/A except for
student timetabling, Eepor#ing and recordkeeping". Such replies were
particularly commén among the N/A responses of Ontario school boards.
The Ontario Ministry of Education reported a student scheduling system
which took some four years to QQvelop and implement, and which now has
been operating for three years with three hundred schools as clients.
This model prepares individual student timetables that optimize their
first shbjecf requests. The Alberta Department of Education and the
Saskatchewan Depar*menf of Education report similar models. It is
evident from the replies that most large secondary schools in Canada

have a computerized scheduling system and most such systems have an
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optimizing feature--i.e., they calculate the program mix most likely
to give the largest number of students, the highest number of first
sub ject choices at a given level of difficuify, and they calculate the
best time period timetabling ﬁix for the fullest use of space accord{ng
to the students' subject choices which have been permitted. And it is
evident from the detailed reports which were submlTTed-ThaT boards like
that for the City of Toronto use these ;chéduling models as simulators
to test the effects of various proposed policy regulations governing
éfudenf programs, the use of teachers, teacher l|oad and spacé requi rements.
(c) The models of our third broad category might be described as pre-:
dictive models. To some extent, of course, the hooels refgrred to above
_"predlcf" in the sense that They calculate, say, future cost levels, or
future "load" levels given a certain volume of serviée under certain
regulations. But they are driven by an initial set of numbers, usually
. '
student numbers, which are the output of the predﬁcfiqn models. The
most common (in most cases the only) prediction model described by an
agency which submiffed half a dozen quesfionnaires was an enrol Iment
projecfion model. We suspect that this category of models is grossly
under represented in this survey for two ressons: (1) many projection
"models'" are not considered as true models by institutions or agencies,
and (2) although they are "run" periodically and generate estimated
enrol Iment numbers they are regarded still as experimental. We
questioned the heads of agencies (Presidents, Direcfofs,-DepuTy
Ministers) about their use of models, and most of their detailed '
replies concerned models which had been running for several years, or

had been in a process of being designed and Implenenfed for a long
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time. Particularly in unfversifies, we know of models which are still
regarded as being in an academic research stage, and which might be
characterized as predictive. For example, no agency reported a model
predicting student subject choices, but we know there is considerable
research work going on--particularly in Alberta--analysing student
‘preferences. The only reference we received, which might be related

to the long standing research work of Professor Steve Hunka of the
Universify of Alberta, was a model of the Alberta Department of Education
used to determine item difficulty in prbgram materials, examinations and
tests, and used for student placement and diagnostic curriculum decisions.
A number of enrol Iment projeéfion models were reported. The most exten- -
sive is probably the model of Pro*eﬁsér Watson and Mr. Quazi of 0.1.S.E.,
run on contract for the dnfario Ministry of Education for the past four
years to produce ten-year enrollment projections for each of 60 county
and urban Boards of Education in Ontario. The most defslled projection
mode s are those reported by the Metrouolitan Toronto area boards (City
of Toronto, Borough of North York and Qorough of Scarborough) which
incorporate into their prediction formulae demographic and housing
variables, as well as student flow within the schools. These models

have been in uge for several years. The most interesting new model

about to be imp]emenfed is that reported by the City of Toronto Board
entitled "Hybrid and Normal Relative Accessibilities Model". It was
developed for other purposes by the Town Planning Department of the

City of Hamilton, Ontario. The Toronto Board of Education is modi fying

it for use with the 140 schools of its system. |In its pilot stage
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they have been using it to study the pupil clientele of two schools
only. The purpose of the model is "to quantify the relative access-
ibilitles of schools to their surrounding population”. Toronto also
reported a model which would describe the distribution of school aged
population within its jurisdiction by means of matrix centroids. The ,
purpose of the mode! is "to improve enrol Iment projecting by schooi by
examining the effect on predicted numbers of internal migration trends".
This hodel, which is another adaptation from an original developed by
the Hamilton Planning Office, is typical of a development in enrol Iment
prediction efforts in Canada. The higher education enroliment prediction
models, notably that reported by British Columbia, are also trying to
reduce error by "regionalizing" the prediction base. The problem of
predicfing mobility is not unique to Canada but is particularly acute
here. Wé are a highly mobile people. We are an immigrant country.
There has been for decades a considerable transfer of population going
on within the country from rural to urban areas and from certain bro-
vinces (particularly the east and parts of the prairies) to.Ontario

and British Columbia in particular, and also to Alberta. This internal
migration is unrecorded, except for decennial censuses and periodic
estimates which leave a great deal to be desired. Our traditions are
strongly opposed to a residencg regisfrafion system, such as that
practised in Sweden or the Netherlands. Only in time of war have our
people ever carried identity or registration cards, such as are used

in France.
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All jurisdictions making enrolIment estimates must try to
incorpofafe migration variables into their models. When you have
client choice of institution, as in the case of universities and‘
increasingly in the case of secondary schools (because of subject
choices) the problem is exacerbated.

From”our survey we would say that the models reported as
beiﬁg in actual u;e fall into these three broad cateqories. However
since we were interested in the purpose as seen by administrators
{specifically in what questions the models seem designed to help
answer) we devised our own tabulation scheme (see Table 3). We do not
make any great claims for this scheme. It is difficult to develop |
categories which are mutually exclusive., Most of the models carrf
out a variefy of tasks and produce numbers for several administrative
uses. We might have used some other widely accepted categorization--
for example that used by the OECD survey of quantitative models labels
them as descripfive,Aforecasfing, decision-making and simulation models.
In other cases the models have been categorized according to the types
of equations used (equalifies/Inequalifiés; deterministic/stochastic;
instantaneous/lagged first order/lagged second or higher order; linear,
non-iinear, etc.). In others they have been categorized according to
The procedures used to solve the model le.g., mafrix, inversion,
iteration). The purpose of this categorization scheme was to try to
give the non -technical reader of this report (most of whom will be
educational administrators) a picture of the range of reported exper-

ience which is neither confusing nor distorting.
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According to this tabulation the Iafgesf number of models
used by universif}es are the general resource allocation models of
the WICHE type which enable the institution to match students, teachers
and space, and derive cost and staffing figures under various assumed
conditions. Considering the range of programs-and types of adminis-
tration in Canadian universifies; the range of modelling attempts is
very limited. |t is clear that however useful these models are in
terms of directing administrators' attention to data systems and
problems of classification and cost, they have not begun to affect
the educational decisions made in universities. They are not used,
for example, to consider alternative admissions criteria, performance
necessary for credit or promotions, length of accepféble terms for
program compietion, appropriate examination or evaluation instruments,
frequency of evaluation, or program mix in terms of required and optional
sybjects. The models of school boards are generally system specific
and directly related to specific tasks. Their models seem to be more
modest and practical in intent; they are probably more immediately
useful and more frequentlv used. This impression was corroborated
when we examined the responses on cosfs and staffing. The experience
of school boards reported herein is virtually confingd to recurring
tasks such as: optimizing classroom use in a large school; minimizing
attendance distance for students taking special programs not offered
in every school; minimizlﬁg teacher travel when a service is éffered
on a peripatetic basis; optimizing the use of the supply teachers of
a "pool" under various policy decisions regarding the use of temporary

replacements. Departments of Ministries of Education seem to have
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invested in models for two purposes: (1) to provide a dempnsfrafion
or a service facility for school boards which they might not be able
to afford themselves. (For example, the Ontario Ministry has
commissioned a transportation model and a teacher cost model.which
are beyond the stage of research/design but have not yet been commonly
adopted. But they also report a schedu!ing model run for many years
as a service with the annual operating costs recovered in the form of
client fees,);(2) to estimate the effects on government spending of

a change in support policy (such as per capita grants to universities
or per capita ceiling restrictions on the spending of boards) or a
change in the allocation of investment among di fferent institutions

or different programs.

Staffing, Design, lmplemenfafioh, Use and Modification

In the Appendix Table the replies to questions 5-9, which asked
who had designed the models, how long the design and implementation
stagas had taken, how long the ﬁodéis have been in use and how frequentiy
they have been modified, are feporfed for each model!--each line deals
with @ mode| as separately reported. In tables 4 to 8 we show the
number of replies, by a series of time or other categories and by TYpe
of reporting ageney.

One problem in analysing +he returns is that the reported ex-
perience in the design and use of models does not lend itself to neat

tabulation by mutually exclusive states, There is danger of distorting
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the picture if we try to make the responses fit into our design. This
is an example where an anecdotal type of reporting by "case study"
would probably be more appropriate to the subject than Tﬁe usual
sufvey report. For example, design, implementation, use and modifica-
tion stages obviously run into one another and progress at times in a
sequential cycle and at times concurrently. Nowhere is the evidence
more clear than in these questionnaires that "a model is never complete"
and that an authority "gets hooked on a‘model and ends up with a bigger
commitment than it bargained for". One authority reports that design,
testing and implementation went hand in hand and "it is difficult to
acaurately esfablish costs". Another reports "major modi fications twice
a year and minor ongoing". The terms "ongoing" and "concurrent" are
frequently used in the writing of model design and implementation. In
another case THe exp lanation for not reporting costs is "it is difficult
to separafe_fhe cost of ongoing design from operating costs, since the
model is being continuously improved through experience". In the case
of one model which.has been used since 1968 annual modifications have
been madé. The models frequently are a joint effort--the original
having been a commercial product purchased from and implemented by a
consulting firm, the present quel being the product of endless staff
modifications. Where the model described is one of the WICHE series,
the modification and implementation time are generally reported, but
not The.design time.

Table 4 sﬁows that whafevef‘fhe origin of the design, the bulk

of the work is carried out by the agency's own staff. This was true
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of 16 of the 26 university reports and 13 of the 28 school board
reports. But it was not as true of the reports from higher education
agencies. |f anything the role of "own staff" has been underplayed.
Generally, even with the oriqginal commercial product, they work with
the consultants to make it institution or system Speéific. The five
IBM models shown here are all scheduling/ffmefabliﬁg roufines of well
established vintage. The SRG item is the CAMPUS VII| set of models
which have been implemented for the Ontario system of Colleges of |
Applied Arts and Technology. The WICHE models include the-Cost
Estimation. one, the RRPM 1.3 and the RRPM 1.6.

Tables 5 and 6 should be read together. They tabulate the
replieé to questions 6 and 7 about the lenath of time taken for desian
and implementation. One broblem in‘assessjng the replies to these
questions is that some respondents specified man-weeks, man-months or
mén-years while others si%p[y reported weeks, months or years without
making clear the number of employees involved. (We must take respon-
sibility for this because our example was not sufficiently explicit.)

In the Appendix Table and Tables 5 and 6 we have had to "interpret"

the responses in order to qroup them by category. Few of the models

took more than a year to desian and another year to implement. We found
this surprising. The explanation, probably, is that development of the
appropriate data s?sfém required for the model precedéq its implementation
and is not included in the reported implementation time. |f we eliminate

the responses "Unknown" more of the universities' models took lonaer than
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six months to design or modify than was the case with schodl board
models or those of education agencies: the percentages were for

less than six months universities 44%, school boards 53%, and’
education sysfehs 73%4. Two of the reported higher education systems
models Took over a year to design; of the other four, three took less
than six months each and one is still in the design stage. The "time
unknown" reply to the design question (Table 5) refers to the ignor-
ance of the reporting agency of the design time spenfiby the firm from
whom the model was purchased. The "time not given" replies to the
implementation question arise from the problem of sebarafing design
and implementation Timé or because as yet implementation is Iﬁcomplefe
and no estimate of required time was‘given. The préblems of interpret-
ing the implementation time replies are such that we would not taku
the precise time too seriously.

1+ is evident from Taﬁle 7 that considerable experience in the
use of models may be found.in a few members of all four types of
reporting agencies in Canada. School Boards and Departments of Education,
in parficular,‘reporf models which they have used for 5 or 6 years. For
them models have long since ceased to be an "academie gimmick".

It seemed to us reasonable to look at the evidence of frequency
of modi fication in terms of the length of time a model had been in
use--the argument being that éxperience in use reveals needed modifica-
T tions and most of these models are being continuously improved. The
evidence.of Table 8 suggests that either the models are very imperfect

instruments, or the users have impossibly high standards, or the users




are afflicted with an itch to intferfere--15 of the fifty-three models
for which information was provided had been modi fied "continuously"
(or words to that effect), a further three (in operation at least
one year) had been modifled twice per year, and another 13 at least

once per year.

Costs

information on costs is notoriously unreliable when gathered
by quesffonnaire and for 23 of the 82 models reported,no information
was given for design or implementation costs. Frequently the respond-
ents have only a very general notion of the amount involved because
their responsipilifies do not include cost approval. |In some cases
staff salaries were included in the feporfed figures and in others
only computer time or supplies. Where'The mode | was purchased from
some other agercy, Tﬁe cost to the user is more likely fo be related
to whether the agency is a profit-making one in the private sector
or a publicly funded one,rather than to any indicator of magnitude or
capacity of the model. A commonly quotea cost for one of the WICHE
models, for example, is $50.

We thought it would be appropriate T§ analyse the reported
costs from several polints of view:
(1) Design costs by model type (as defined by purpose) are shown in
Table 9.
(2) Design costs according to designer are shown in Table 10,
(3} Design and operating costs according to reporting agency are shown

in Table 11,



The range of reported direct costs was so great (design from
$50 to $110,000; implementation from $75 per year to $1 million in
1972/73) that we had difficulty deciding upon cost categories that
would accurately demonstrate their distribution. We decided to use
the same céfegories for all tables and their choice is entirely
arbitrary. They are cafégories of unequal size but they reflect the
clustering of reported costs about certain rounded figures like $f0,000
or $20,000. In any case the precise figures should not be taken
seriously. What is of interest is the large number of models whose
design costs were extremely modest and (even more sufprising) whose
annual running costs are less than one hpndred dollars. We have not
included an Appendix Table showing the reported cosfs‘by mode | and
reporting agency because agencies frequently are sensitive to publicity
about costs (which can be easily abused and misrepresented by being-
quoted out of confex+). We have followed the usual practice of
aggegating and tabulating reports so that nothing which might prove
embarrassing to an individual respondent is identified.

The reader should note that we are not "comparing" costs in
these tables. |t should not be inferred that becasué two 1BM models
are to be found in the category $5,001—$10,000 and only.1 of the 2 SRG
models reported cost less than $10,000 for its design, that SRG models
are, therefore, more "expensive"., The models reported vary tremend-
ous]y and we are not necessarily comparing |like with like., Table 10
does show, however, that many models cost the users a negligible sum

or had no direct cost because they have been acquired from a public
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service agency. Models purchased from commercial consultants generally
come as a "package deal" to the user with desfgn, implementation and
often staff training and data processing services included in the
price. Since they are impliemented more than once for the same kind of
client the return on the initial design invésfmenf is very good indeed.
The modest reported implementation costs of many models suggesf that,
once an agency's administrators become convinced of the utility of
models and employ research and data process!ngISTaff who understand

the uses ana Iimitations of models, its employees can fairly quickly
spin off models to deal with specific recurring administration questions,
test and implement them or drop them (according to some estimate of the
success of their effort). fhis seems to be. particularly true of the
large school boards. The area .boards of Metropolitan Toronto, and the
cities of Edmonton and Caigary report as sophisticated a set of models
as can be found in any educational jurisdiction, yet the total design
cost of the 18 models for which they submitted detailed information was
not high. Except for one model costing $10,000 and one of $35,000,
design cost varied from "no cost™ to less than $5,000. In almost all
cases the design work was done by their own staff. In four cases the
original model had been purchased from |8M but exfensi§e modi ficatlons
had been carried out by their own staff. In one case the original had
been purchased from Honeywell and in another from SRG (modified by

York Computer Services) but again extensive recent modifications had
been carried on by "own staff'" at very little co$+. We were surprised
to learn frém this survey that more research into +he.ex+ension of the

use of quantitative models in-educational planning and administration
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is being carried out in school boards than in universities. The few
comprehensive and expensive models which were reported had besen
commissioned by such systems authorities as the Ontario Ministry of
Education or fhe Ontario Ministry of Colleges and Universities. The
best "bargain" obviously is the WICHE RRPM 1.6 which for an initial
direct cost of $50 provides a system easily adapted to providing

solutions for a number of gross allocation questions,

Models Allowed to Lapse

From Table 9 which tabuiates cost by "purpose” only five of
the models for which detaifled information was reported have been
discontinued: ‘

The City of Toronto Board discontinued the use of a budget simulator
which had been in use for 18 months, because the recent per capita

spending ceilings imposed by the Ontario Ministry of Education required

a di fferent budget format, thus rendering it obsolete.

The City of London Board of Education discontinued its elementary school
enrol Iment projection (by school) model because of lack of funds to

develop it to the desired level of accuracy.

tethbridge Community Col fege discontinued the use of the WICHE mode |

RRPM 1,3 because they are replacing it with RRPM 1.6,

The University of Western Ontario also reported that it would shortly
be- discontinuing the WICHE Cost Estimation Mcdel and repiacing it with

the RRPM 1.6..
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The University of Alberta discontinued a staff estimation model whicﬁ
was "implemented for one-time use to provide preliminary staff pro-
jections for the University of Alberta's Academic Plan No. 9".
Apparently models are modified (even to the poiqf of being almost

unrecognizabte) rather than discontinued.

Conclusion

The purﬁose of this mini survey was to provide evidence of
Canadian‘"experience“ so that a speech which we had agreed to give
beforé a learned society would be a less personally biased statement
than would have been the case had we had to Eéiy only on our personal
knowledge of activity in Ontario and on the opinions and contacts of
our coileagues in the Department of Educational Planning of 0.1.S.E.
Except for Quebec, the returns were sufficiently high to convince us
that we had indeed heard from all agencies in Canada with any reat
experience to report. ‘Their questionnaires and reports were sufflcienfiy
detailed to enable us to Qroup replies into rough categories which show
the dlsfribufion of the experience. |
What this kind of survey cannot do, of course, is assess "degrees
of satisfaction" with the performance of‘+hese tools. Only by interview
could one ask first the Director of Education, then his Data Processing
Manager or éuperinfendenf of Planning, then a number of his area Assist-
ant Superintendents, and then a sample of his Secondary School Principals,

the question: ™Model X cost your system $30,000 to design and implement.
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It costs $5,000 a year to run and you've used it three years. Do you
think it was worth i¥? How do these costs compare with the costs o-
doing this task before you‘had the mode|? What are the most irritat-
ing deficiencies the mode! has demonstrated? |f you had the choice
to make would you spend $45,000 ($30,000 + 3 x $5,000) on this type
of model? |f not, what would you have spent the money for?"

Cost benefi+4aésessmen+ depends on one's perspective and.more
items than dollars are involved in the equation, although the non-doliar
items are dffficulf to define and measure. A budget simulator which
may look highly desirable to the Director of Education may be a source
of frustration to the researcher who is all too aware of the l|imitations
of its design and worried about its misuse. |t may be a source of
endless irritation to the assistant superintendents and principals who
have the chore of preparing dates for its runs and see its reports
only as a check on the innovations and programs they would Iike to
introduce. The manner of use of a model can increase centra! decision-
making, or it can increase decentralized decision-making where con-
siderable authority has been delegated to administrative sub-units or
branches. Only by asking a similar set of questions of of ficials at
~different levels in an organization could we try to assess their
di fferent experience with the same model a&d then differing perceptions
of models' utility. Unfortunately we haa neither the time nor the
money for such a research exercise. As a result of the findings of

this survey, which cost us some time and a small amount of postage,



the opinions with which we started have been reinforced:

(1) Only a smail number of educational agencies in Canada actually
have had experience of the regular use of models.

(2) The experience is geographicatlly concentrated in the province of
Ontario and in western Canada-—particularly in the government
departments and large urban school boards of Ontario and Alberta.

(3) The models used by school boards tend to be specific to juris-
dictions and to recurring annual tasks—-such as definition of bus
routes and scheduling of vehicles to minimize costs, classroom
scheduling to optimize the subject choices of students, and the
use of space at the more popuiar times of the school day (i.e.,
classrooms are "fully loaded for peak times" and "under used" at

"the end of the day).

(4) University models tend to be ltess task specific. They are most
commonly used to advise on '"what if'" questions by the use of
simuiaticn. The most popular ones actually being used are modi~
fications of the WICHE models.

(5) "Own staff'" (research or computer services) do most of the design
work, even where the original model was a commercial produ;f.

(6) The names of a few consultant firms are reported but much less

‘frequenfly fihan we would have predicted. |BM seems to have marketed
a most successful scheduling model about 1968/69. The CAMPUS VII|
model of SRG is used for the entire CAAT system of Ontario.
Professors of the 0.|1.5.E. Department of Educational Planning, of

the University of Western Ontario Business School, of Simon Fraser
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University, of the University of Alberta (Edmonton), of the
University of Calgary and of M.I.T. have been involved in some

of the desians which were reported. But the Fbig names" of the
United States (the Rand Corporation, Brooking's Institute, the
University of California at Berkley, Florida State University

and the Univeréify of Chicago) were notable in their absence.
This we did not expect.

The cost data of the survey are not much use. In many caSes_fhe
cost of salaries has not been included. |t is difficult to
separafe design and implemenfaflon costs and many respondents

did not even try, In the case of commercial products it is
obvious that the price of the models covers a variety of services
so that comparison between them cannot be made. The cost of
developing an information system appropriate for a particular
model is reiated to its implementation costs and will vary éreafl9
depending on the statistical practices which formerly applied.
Generally this is not reported. So in some of these models the
cost of organizing the data files far exceeded the cost of the
model itself., Nevertheless many modest but useful models are
cutrently employed whose total investment was well under $5,000.
The reports on design time and iﬁplemenfafion time can only be
taken as indicative because (a) detailed records are only known
for work done by an agency's own.sfaff, and (b) the time reports
did not élways say how many persons were involved (i.e., man-months
or man-years), However,.fhe reports have some value in demon-

strating that many models could be used within six months of
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beginning the design. This takes much of the "mystery" out of these
models, reducing them to the status of common administrative Tools.{
Six months would be a quite common time needed even for a minor chaﬁge
in traditional adminisfréfive procedure. Many models were found to show
an immediate ecénomy. School boards, in particular, reported fﬁe
estimated saving achieved by the use of a model (e.g. 5-10% reduction
in transportation costs was routine for a bus scheauling model). Since
many of the routines which the models replace were "hand crafted"
(e.g., student reporting, student timetables, teacher timetables and
master scheduling for a secondary school) the saving Is expressed [n
terms of the time of highly paid administrators rather than dol lars.

{t doss not lead to a reduction in payroll but it frees them for other
work involving more personal relationships with the teachers and
students,

This survey does not support the hypothesis that large juris-
dictions have Thq resources to design, implement and use quantitative
models for-making educational decisions. Of the 12 largest Canadian
universities (Univérsité de Montréal, Laval, McGill, Toronto, Western,
McMaster, York, Manitoba, Saskatchewan, Alberta, Calgary and British
Cofumbia) only the two universities in Alberta and McMaster and Western
in Ontario reported models in use. !n Ontario one of the smallest
universities, lLakehead, reported the development of a cost estimation
model. From these replies It seems that many universities and large

urban boards whose resources are such that they could design a series



-39 -

of models for management decisions, héve not found their use suffic-
iently attractive to induce their adoption. As with many other
administrative innovations, first musf come the conviction that the
change is worthwhile. This conviction seems to be very localized in
Canada. The foreigner who wishes to discuss the use of quantitative
modeis with officials of schoo! boards, government departments and
universities can, by visiting on[y a few Canadian cities, tap duife
varied and extensive experience. For these jurisdictions models are

no longer a "aimmick".
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TABLE 1

QUESTIONNAIRE RESPONSES BY PROVINCE
AND TYPE OF REPORTING AUTHORITY

: } Number Number
Reporting Number Reporting Reporting No

Province Agency Surveyed N/A Experience Response

New found | and University
School Board
System - education

P.E.I. University o
School Board
System - education 1

-—r N)
o N O

—_ 0O O — O =

Nova Scotia University 3
School Board 3

System - education i 1

- higher education 1

—_— N W

New Brunswick University
' School Board
System - education
- higher education

QOO0 COOO OO0 OO0

—_ = W

Quebec University
' School Board 1

System - education
- higher education

Ontario University
School Board
System - education
- higher education

N—-h OO ——

Manitoba University
School Board
System - education
"= higher education

Saskatchewan Universify2
School Board
System - education
- higher education

Alberta UniversH’y3
School Board
System - education
- higher education

N =
_, e, UMW N—=ad O N =N
—
O O =
—~— 000 OO0 N NO®W—= OO0 =0 O—m et O O = —

—_ . N —

-0 -0 O00O0

British Columbia University
School Board
System - education
~ higher education

- NN N—= WU
— O ON

O =N
ReNoNeNo

Total 1254

o
~
N
O
N
O

| The Association of Atlantic Provinces.
2 Both campuses covered. ,
O One community coliege (Lethbridge) included in this number.
- Plus second University of Saskatchewan campus, making total of 126.
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TABLE 2

NUMBER OF MODELS REPORTED BY PROVINCE AND TYPE OF REPORTING AUTHORITY

Number of Models

Province Reporting Agency Reported
Quebec University: Universite du Quebec 1
School Board: Commission Scolaire Regionale 4
de Tilly
Ontario University: Lakeh.ead 1
Brock (College of Education) 1
McMaster 3
western Ontario 4
School Board: London 3
Borough of York 2
North York 1
Scarborough 4
City of Toronto 6
Hami | ton 1
Ot tawa 1
Carieton 1
System: Ministry of Education 9
Ministry of Colleges and Universities 1
Council of Ontario Universities , 4
Manitoba University: Manitoba 4
System: Ministry of Education 2
Saskatchewan University: Saskatchewan 1
System: Ministry of Education 2
Alberta University: Alberta 6
Calgary 4
Lethbridge 2
School Board: Calgary 1
Edmonton _ 4
System: Ministry of Education 6
British Columbia University: Simon Fraser , 2
System: Higher Education Counci l t
Total 82
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TABLE. 3

NUMBER OF MODELS REPORTED BY PURPOSE OF MODEL AND REPORTING AUTHORITY

Higher

Purpose of Model School Education Education
Universities Boards Agencies Agencies

1. Student timetabling or scheduling 2 8 22 -

2, Simulation of student course and program : 4 4 2 13
choice (and resultant student timetables
‘and schedules) ‘

3, Reporting student progress (and resultant - 1 2 -
placement, guidance or program choice)

4, Student flow models (within institution or 2 1 1 23
system variables) for enrollment prediction

5. Student flow models (transition models) 7 -3 3 1
for enrol Iment prediction

6. Student performance models (linked to tests - - - 13
and placement) -

7. Student awards models (to simulate costs and - - 1 -
awards distribution)

8. Teacher timetabling or scheduling (linked with 2 7 22 13
master schedul ing or faculty work load
simulation)

9, Faculfy'flow models (recruitment, retirement, 1 - - 1

faculty supply/demand) '

10. Faculty needs estimate models (apart from | - - 12

WICHE or CAMPUS models)

11. WICHE models or modifications of them 10! - - -
. 12. Space or classroom needs models (apart from 2 - - 1
{ WICHE or CAMPUS models)

g 13, Space needs (linked to use of schools or - 4 - -
attendance areas) '

14, Space needs (linked fo master scheduling) 2 7 22 13

15. Library planning 1 - - 1

16. Personnel payroll models (apart from WICHE : 1 2 - 1

Models) _
- 17, Program budgetting, resource allocation or 4 : 7 1 23

unit cost models (apart from WICHE)




- 43 -

TABLE 3 ~ Continued

: Higher
Purpose of Model School Education Education
Universities Boards Agencies Agencies

18, Grants simulation models ' - - 5 23
19, Teacher costs model 1 - 1 =

20, Minimum subsidy model (for Teachers Super- - - 1 -

‘ annuation Fund)

21, Escalation subsidy model (for Teachers - - 1 -

Superannuation Fund)
22, Early retirement model - - - 1
23, Bus scheduling or transportation models - - 32 -

(linked to 13)

1 - . . .
Memorial and Simon Fraser are also "considering" them.

2The Ontario model is also used by school boards.

3CAMPUS is represented here.

Note: From their description several models fall into more than one "purpose"
category, and it is evident that in some cases a set of models has been
reported as "one" where an equivalent grouping of |linked models has been
described as if each sub modé| were independent. Moreover not all
respondents answered every question about every model. So the sums of
the categories in the tables of this report are not always identical.
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TABLE 4

NUMBFR? OF MODELS REPORTED BY MODEL DESIGNER(S) AND
TYPE OF REPORTING AUTHORITY (QUESTION 5)

Mode| Designers School Education Higher Education

Universities Boards Systems ~ Systems
Own Staff 16 13 5 4
Ministry or Government personnel - 4] 3 -
(as well as own staff)!
NCHEMS (WICHE) 9 To- - -
University Consultants - 1 - 1
M.I.T, 1 - - -
0.1.S.E. - - 2 -
S.R.G. ‘ - 1 - 1
| .B.M, - 5 [ -
Honeywel | - r - -
Memphis School Board : - 1 ' - -
City of Hamilton Planning Office - 2 - -

]Includes assistance to Ministry of Education staff by personnel from such
agencies as a government compufer services centre. Also includes assistance
to school board from a ministry in design of a model used exclusively by
them if for a group of boards. In Ouebec the Service Informatique de
Ministére de |'Education designed the models used by Tilly,
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TABLE 5

NUMBER OF MODELS REPORTED BY LENGTH OF DESIGN STAGE AND
TYPE OF REPORTING AUTHORITY (QUESTION 6)

School Education Higher Education

Design Stage Universities Boards Systems Systems
Unknown‘ 8 -9 - -
WICHE adaptation time 2 - - -

2 months
WICHE adaptation time 1 - - -

12 months
Less than 6 months 6 10 8 3
6 months to less than 1 year 2 3 - -
! year to less than 2 years 4 2 2 1
2 years 2 1 - -
More than 2 years | - - j 1
Not complete; no time given2 L 1 - 1
‘Includes most of the WICHE models and those purchased as a "package" like the

IBM products.

2In some cases design and implementation are concurrent. In this case no design
time was given. In other cases design time was reported but not implementation
time (and an appropriate note was attached); in still others an estimation was
given for design and for Implementation although both were not considered to
have been compteted. Notes attached to the "length of use" and "modification"
questions indicated that for many models no stage is ever accepted as being '
"complete" and a constant process of adaptation and implementation of modifica=~
tion goes on.

3One year spread over a three year period for staff and consultant,
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TABLE 6

NUMBER OF MODELS REPORTED BY LENGTH OF IMPLEMENTATION STAGE
AND TYPE OF REPORTING AUTHORITY (QUESTION 7)

Implementation Stage School Education Higher Education

Universities Boards Systems Systems
No time given | _ 12 ' 6 2 3
Still being developed 2 - - 1
Less than 6 months 7 | 6 5 -
6 months 1'o: less than 1 year 3 ] 2 - -
| year . 2 2 2! o
More than 1 year - 2 i‘ 11

1Concu rrent with design.




TABLE 7

NUMBER OF MODELS REPORTED © TIME IN USE AND
TYPE OF REPORTING AUTHOK (QUESTION 8)

Time in Use School Education Higher Education

Universities Boards Systems Systems

Not reported because not yet 1 2

completely imptemented 8 5 1 1
Less than 1 year 4 1 4 1
1 year 6 2 2 -
13 months to less than 2 years 4 2 - 1
2 years : 3 9 - -
More than 2 years 1 9 4 3

1Includes one to be discontinued.

2Will be in use May 1973,
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TABLE 9

NUMBER OF MODELS REPORTED BY PURPOSE OF MODEL (SEE TABLE 3)
AND DESIGN COSTS (QUESTION 10)

rurpose No Cost Less than §$101- §$1,001- $5,001- $10,001- $30,001- Over
cf model' Given $100  $1,000 $5,000 $10,000 $30,000 $50,000  $5Q,000

1 10 | | 1 | 1

2 3 2 1 2

3 2 1 |

4 1 2 1 1 1

5 7 1 2 3 1

6 1

7 1

8 7 2 1 2

9 1 1 1

10 1 1
1 2 3.,
12 2
13 1 1 1 1
14 8 2 2
15 1 1
16 1 1 1

17 1 3 2 1
18 2 2 2 1

N N NN —
W N — O Y
N

1Numbered as in Table 3,
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TABLE 10

NUMBER OF MODELS REPORTED BY DESIGNER AND DESIGN COSTS

No Cost $101- $1,001- $5,001- $10,001- $30,001~ Over

o

Designer Given $100 $1,000 $5,000 $10,000 $30,000 $50,000 $50,000
Own staft o ! 3 11 9 1 2 2
Ministry staff 4 3

NCHEMS (WICHE) 4 2 | 1

Univ, Consultants 1
M.ILLT, |
0.1.S.E. ' ‘ 1 1
S.R.G. 1 | 1
1.B.M, ' 4 ‘ 2
Honeywe | | 1
Memphis S.B. L

City of Hamiliton P.O. 2

1For detai|ls and notes see Table 4,
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TABLE 11

NUMBER OF MODELS REPORTED BY REPORTING AUTHORITY
AND COST OF DESIGN & OPERATION

Cost Universities School Boards Education Systems Higher Education
Category Design Operating Design Operating Design Operating Design Operatinag
$100 or less 3 - - 1 - 23 - -
$1014$1,000 2 3 1 7 - 1 - -
$1,001-%5,000 3 3 6 2 5 1 » 1 2
$5,001-$10,000 5 3 1 1 3 1 3 1
$10,001-$30,000 2 2 . 1 4 1 4 - -
$30,001-%50,000 1 - 1 2 1 - - -
Over $50,000 - - 1 - 1 24 1 |
No cost given 9! 142 17 6' . . 1 2

]In some cases, in addition ro saying the design costs were unknown, the agency
reported '"no direct cost to us'" but purchased from WICHE, |IBM or whatever for $--.
In the latter case they are included in the appropriate cost category, particularly
since several not only gave the purchase price but alsc estimated costs of design
modi fications done by their own staff.

2Explana+[ons given such as "Costs not fully known until properly impiemented";"will
depend on how much we use it--have only run twice so far"; "insufficient data";"still
experimental; '"costs shared by many departments difficult to estimate"; "no direct
cost to us".

3Explanaﬂon that this covered the cost of 2 computer runs which was all that had been
carried out thus far. Annual costs would depend on use. Too early to estimate
normal annual costs.

4Mos*r of cost recovered from schoo! board users.
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SAMPLE
QUEST | ONNAI RE

Mathematical Models for Decision Making in Education

1. Name of institution, system or jurisdiction
2. Name or description of the model
3. Type of computer installation on which tt is run

4, wWhat is its main purpose? (e.g. to predict enrollmen+, to simulate payrotl,
to prepare individualized timetables, to make decisions on programs, etc.)

5. Who designed the model? (e.q. own research staff, conshlfanf firm, Please
give name(s)).

6. How fong did the design stage take? (e.qg. 6 months)

7. How long did the implementation stage Také?

8. How long has it been in use? |

9. How freqﬁenfly have modifications been made to the origina! desigﬁ?
10. What did its desian cost? (rounded estimate of direct costs)

11. What is its annual operating costs? {(rounded estimate of direct costs
such as salaries of personnel, supplies and overhead)

12. |1f model was implemented and its use is now discontinued, why? (Give
main reason)

13. 1 f you can supply us with any further information which hasn't been
‘ covered above, or wish to make any comments, please do.so below

Thank you for your co-operation




