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ABSTRACT
Beginning January 1, 1969, Systems Research Group

(SRG) undertook a project to develop operational cost simulation
models of three of the colleges of applied arts and technology in
Ontario. These models, and the data needed to feed them, have been
developed and are now operating. SRG describes their progress to date
and identifies the remaining activities they have undertaken. A
computer aided information system has been designed and set up in the
colleges. It includes procedures and forms for gathering and
preparing the data needed as well as for reporting on the results of
a simulation. (TC)
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CAMPUS (CAATS) 2

An Explanation of the Acronym

CAMPUS - Stands for Comprehensive Analytical Methods for
Planning in University Systems. The CAMPUS
model was first developed for universities and
health sciences complexes and provided the basic
technology that has been adapted for the community
colleges.

CAATS
2 - Stands for Computerized Analysis Adapting the

Techniques of Simulation to Colleges of Applied
Arts and Technology. This acronym was contributed
by Dr. Bowen, the president of Niagara College to
describe the adaptation of the basic CAMPUS
methodology.

Thus, the combined acronym CAMPUS (CAATS) 2 stands for the present

system that has been developed to simulate the operations of the colleges

of applied arts and technology.
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SUMMARY

In this report we have described our progress to date and some of our

initial, findings. More detailed information on the project is available

in other reports that are either in draft. form or still in preparation as

shown in Table I.

Simulation models for each of the three pilot colleges are now operational

on data gathered from the colleges. We are presently carrying out the

first simulc4n, -re experiments for them and thus beginning the evaluation

phase of the project. An information system has been designed and set

up in the colleges. It includes procedures and forms for gathering and

preparing the data needed as well as for reporting on the results of a

simulation. A computer terminal has been installed in each college to

allow it to communicate with its simulation model and data that have been

stored on an IBM 360-65 computer in Ottawa. The economic reason for

using the large computer is shown in Table II. In the appendices of this

report we have described the kinds of problems that can be addressed

with CAMPUS (CHATS) 2 and some sample analyses.

Preliminary estimates incidate that the cost and time required to implement

CAMPUS (CHATS) 2 in the other CAATs will vary with the size of the

institution and the number of colleges that proceed together. The

elapsed time needed to develop an operational model of one of the other



colleges will be no less than 4 months and no more than 6 months at a

cost of between $15, 000. and $36,000. The annual operating cost,

including time of internal personnel, external technical assistance and

computer time, will be between $10,000. and $20,000. per year.

The pilot phase of this project will be completed before the end of

January. The initial results this far have been most encouraging and

we are confident that the final assessment will demonstrate clearly the

benefits of the system that has been developed.



TABLE I

PROJECT REPORTS

Volume I - The CAMPUS (CHATS) 2 Project:
A progress report on the development of cost
simulation models for three Ontario colleges
of applied arts and technology, November 196:.

Volume II -

Volume III -

Volume IV -

Volume V -

CAMPUS (CHATS) 2 Input Documents

CAMPUS (CHATS) 2 System:
1. Information requirements and reporting

Structure
2. Output reporting structure
3. User command language
4. Remote CAMPUS

CAMPUS (CAATS) 2,

Sample Input and Output Reports

CAMPUS (CHATS) 2

The Pros and Cons of existing formula financing
systems and a suggested new approach

The following documents are in preparation:

CAMPUS (CHATS) 2

CAMPUS (CHATS) 2

CAMPUS (CHATS) 2

CAMPUS (CAATS) 2

CAMPUS (CHATS) 2

CAMPUS (CHATS) 2

CAMPUS (CHATS) 2

- Its use in planning physical facilities

- Its use in evaluating changes in
academic plans and policies

- Its use in evaluating changes in
administrative plans and policies

- Its information requirements and
a design of general information
systems for operating control and
reporting

- Users Manual

- What it is; how to use it; what it costs

- A cost benefit evaluation and recommen-
dations on its future



TABLE II

The Cost and Time of Simulating the Operations
of a College of Applied Arts and Technology

for 10 Years using CAMPUS (CHATS) 2

Calculations *1

Done By
IBM 360-85
Computer

IBM 360-65
Computer

*2IBM 360-40
Computer

Man and a
*3

Calculator

Time Needed 30 seconds 3 minutes 12 hours 6 months

Cost $30.00 $40.00 $1,200.00 $4,000.

*1 Estimated number of calculations and steps to be followed 150,000,000.

*2 An estimate only it may not be technically feasible run on this size machine.

*3 Assuming no errors in calculations or procedure.



A. INTRODUCTION

Beginning January 1st 1969, Systems Research Group undertook a

project to develop 'operational cost simulation models of three of

the Colleges of Applied Arts and Technology in Ontario. These

models, and the data needed to feed them, have been developed and

are now operating. This report describes our progress to date and

identifies the remaining activities in the study and from the initial

results thus far suggests alternative ways of proceeding beyond the

present undertaking.

B. A REVIEW OF COMPLETED PROJECT ACTIVITIES

The following is a list of the major project activities that were

identified in the original proposal of September 4th 1968:

II a) Meet with the full committee of presidents, their
administrative representatives, planners and
architects to define the range of planning problems
facing the CAATS. The scope of the model in
terms of the analyses that it would be able to per-
form and the kind of information that it could
supply would be identified at this time. While
the pilot model would not be designed necessarily
to handle all the specific problems of each of the
colleges it would be built in such a way that it
could be expanded to do so in the event that the
pilot project proved its worth.

b) Prepare the technical systems design specifica-
tions of the model including its data requirements
and the form and substance of reports that it would
generate.



c) Assess in detail the proposed model and its ability
to cope with specific planning problems of the three
sample colleges. Make whatever modifications are
necessary in order to accomplish this.

d) Develop with the three colleges the information
requirements of the model and help them to formu-
late the kinds of planning analysis that they will
carry out using the model when it is completed.

e) Carry out all computer programming to have the
model working on a computer that is made available
to the colleges, thoroughly test the programs and
prepare them for use by the pilot colleges.

f) Wert: with the colleges in helping them to use the
new tools on a variety of planning problems and
iron out any remaining computer programming or
model design problems.

g) Consider the following with respect to the pilot
model and its wider use by the other colleges:

. The cost of implementing the model in the other
colleges broken down as to initial cost and its
ongoing operational costs.

. The potential benefits from its use to various
types and sizes of colleges.

. The organizational questions of how the model
would be made available to the colleges and the
role of their own personnel in using it.

. The means by which the colleges would p hysically
communicate with the model and perform analyses
on it. This would include the question of confiden-
tial data.

. The question of training administrators in
understanding the full potential and usefulness
of the new tools and exactly how they can be used
by them on their problems.

. The information needs of the model and their im-
plications in a wider sense for information systems
design within the colleges, including an assessment



of the costs and benefits of computerized and
manual information systems on staff, students,
space, finance and so on to be integrated with
the model and its communications network.

h) Present the results as steps (g) and (f) to those who
were involved in step (a) for their comments and
criticisms and discuss in particular the relevance
of results of step (f) to the problems of the wider
group of colleges.

Consider the technical requirements, the cost and bene-
fits, the information requirements, and the cdmpata-
bility problems involved in developing a 'systems
level' model of all of the colleges.

j) Prepare a report summarizing the results of the
project and make recommendations on any next
steps deemed to be desirable. 11

Steps a, b, c, d and e have all been completed. Step f is in progress;

step g is in progress and our initial findings in this area are reporter

on in this document; step h has yet to be undertaken and will probably

take place in the first part of January; step i is in progress and our

initial findings are reported on in this document; and step j has been

begun as demonstrated by the reports that accompany this summary.

C. INFORMATION SYSTEMS DESIGN

A complete system for gathering information needed by the model has

been devised. Forms and coding sheets that describe information on

staff, students, space, finance, programs and curricula 9 and general

policy have been prepared, tested and used in the colleges. The docu-

ment entitled "CAMPUS (CAATS)2 Input Documents" contains a set
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of each one of the coding sheets that has been used. This informa-

tion is not only useful to the model directly, but also indirectly to

the colleges themselves. A computer program has been written as

an adjunct to the main model that analyses this information and puts

it into readable report formats that can be used by the adminieration.

Samples of these reports are contained in section A of the document

"CAMPUS (CARTS) 2 Sample Input and Output Reports".

The document entitled "CAMPUS (CHATS) 2 Systems" describes

the way in which data are gathered, how they are processed and

analyzed and the relationship of the reporting system to the basic

data contained in the files.

In addition to the design of this system to meet the needs of the com-

puter model we have begun a study to analyze the broader information

needs of the colleges for purposes of internal control and day-to-day

information requirements. An initial design of this information is

currently being prepared and should be ready for discussion by the

first week in December. We hope to produce, as a result of this

study, general recommendations on the kind of information that should

be maintained, the form in which it should be maintained, and the

integration of this data with the operating needs of the colleges and

the Department of Education. Included in our final report on this

area will be estimates of the costs and benefits to be derived from



developing this system in a number of ways including computerized

extensions of the existing model information system as well as

manual extensions of it.

D. MANAGEMENT AND PLANNING REPORTS

An extensive set of reports has been developed for the model. These

can provide concise summaries or very detailed elaborations depend-

ing on the needs of the user. Information can be provided on one

particular simulation period, or summarized over a number of

periods into the future. The selection of reports is at the complete

control of the user and he may ask for or delete any or all of the

reports available. Information can be produced in both tabular and

graphical form. The graphs are generated by a Calcomp plotter

that produces continuous line graphs from the output of the model.

The document entitled "CAMPUS (CHATS) 2 Systems" has a detailed

section describing all of the reports that are available and the docu-

ment entitled "CAMPUS (CAATS) 2 Sample Input and Output Reports"

contains examples of each of the reports that are available.

An additional feature of the reporting system is that it has been

developed so that it can function not only on simulated data from the

model, but also on historical data that is gathered to describe what

has actually taken place in a particular semester or year.



This these reports, or rather the reporting system from the model,

can be combined to produce an information system that supplies con-

tinuous information over time in the same format. In other words,

should a person in one of the colleges want to get information on

the costs of a particular educational program he would select a report

number that gave him the amount of detail he wanted. If he were

interested in information on what had happened in 1967, then he

would go to the information system and receive an historical summary.

If he wanted information on what would likely take place in 1972 he

would ask for a report from the simulation model. The only differ-

ence in the two reports would be that one report would be entitled

"simulated", the other "historical", but the format and presentation

of data would be the same. This concept helps to develop confidence

in the use of the system and make it easy for people to recognize the

data as presented and get the maximum amount of meaningful infor-

maLion from it. It should be emphasized, however, that these reports

are for management and planning purposes and are not intended to

include the detailed control functions, in particular of the accounting

departments of the colleges.

The reports that are available from the model are structured not only

on an organizational basis , that is, by division, departme nt, etc.,

but also on a program basis. Thus the colleges can be looked at from



one of two different viewpoints and the cost of its operation analyzed

from both with respect to determining the impact of making changes

in curriculum, administrative policy, teaching methods, etc. The

program oriented reports also provide a useful adjunct to a formula

financing or program budgeting system as will be pointed out later

on in this report.

E. THE CAMPUS (CAATS) 2 SIMULATION MODEL

At present we have developed a fully operational and tested computer

model which can represent each of the three colleges we are dealing

with in the pilot study. This model can be adapted with relatively

minor modifications to the other colleges in the system. The com-

puter program presently consists of 15,000 Fortran language state-

ments, and is being operated on an IBM 360-65 computer. Some

twelve programmers and systems designers were involved in the

model development effort, and while the system is now operational,

they are continuing to modify and add improvements to it. The figure

entitled "Colleges of Applied Arts and Technology Schematic and

Resource Loading" describes the basic logical structure of the model.

In essence the model accepts descriptions of the academic programs

being offered in the college, the way in which they are being carried

out, combines this with quantitative descriptions of administrative

policies, and simulates the operations of the institution under these

conditions.
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It seems apparent now that the model is too large to be operated

on any of the computers that the colleges are likely to have on their

own premises. This means that they will have to communicate with

some kind of outside service, either by taking advantage of a

university's computer or one of the commercial computer utilities

that has grown up in the province.

F. THE USE OF THE MODEL

The staff support required to operate the model once it has been

established can be broken into two types of personnel. The first

involving a person or persons who can help the decision-makers in

the colleges to formulate their problems for analysis and then inter-

pret the results of these analyses back to them. The problem formu-

lator will probably only have to be a part time person in the college

who will have working with him a couple of part time assistants to

aid in particular with the data preparation. These people should, in

our opinion, reside within the colleges, and probably be drawn from

existing staff. On the other hand, there is a need for a technical

capability to maintain the models and information systems to insure

that they function properly and to adapt them to the changing needs of

the colleges. This capability we feel should be provided from some

central technical body so as to lower the cost to the participating

colleges. We do not feel, however, that the problem formulator

type of staff can be drawn from a central group. These people must
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9

be part of the ongoing organization of the institution if the use of

the model is ever to have a real impact on decision making.

While Systems Research Group personnel are at present function-

ing as the internal staff and problem formulators, we see no problem

in transferring this role to the college staff once the study has been

completed, and if the colleges and the department decide to proceed

in an onging way. In fact, in some of the pilot colleges, this transfer

has already taken place.

In order to test the concept of the central technical facility, we have

incorporated the simulation models of the colleges into a new system

that has been developed by SRG called Remote CAMPUS. Under

Remote CAMPUS a college using the CAMPUS model is not required

to have any technical staff nor any major computer facilities. The

simulation model that represents the participating college and the

basic information base of that college are stored on a large central

computer. A number of alternative means er communicating with the

central facility are established and SRG functions as a technical

support to the colleges. See Figure 2.

In the case of the community colleges, the three models and associated

data bases for the pilot institution are stored on an IBM 360-65 com-

puter operated by Systems Dimensions Limited in Ottawa, Ontario.
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In each of the colleges we have installed an IBM 2741 terminal.

This is a low speed terminal that looks much like a typewriter on

a small stand. The colleges can carry out their simulation by keying

into the Ottawa computer via their terminal. They provide to begin

with appropriate security codes so as to be able to access their

information and their version of the model, and they then describe

via a verbal command language (see the document "CAMPUS (CAATS) 2

System" for details) the kind of experiment that they wish to have run.

They also indicate the kinds of reports they would like to have trans-

mitted to them via their terminal, and which reports they would like

to have printed at the computer center and mailed to them. This

system essentially brings to the colleges the power of a very large

computer and enables them to get rapid response to questions they

want to ask. This response is usually in the form of summary reports

that are transmitted by the terminal and any more detailed reports

that the colleges are interested in are printed at the computer center

and mailed to them immediately.

During the course of this study we will evaluate this communications

link with regard to its cost and benefits, as well as looking into other

possibilities, such as using the mails or the phone for communications

in both directions or perhaps a more expensive and faster terminal

system. The terminals that are presently being tested are inexpensive

and rent for about $120.00 per month.



G. PRELIMINARY ESTIMATES OF THE COST OF SETTING UP AND
OPERATING CAMPUS (CAATS) 2

In this section we have put together our best estimates of the cost and

time considerations involved in setting up and using the CAMPUS

(CAATS) 2 system. These estimates are preliminary only, but do

indicate the order of magnitude of expenditures involved. The

figures are set up in a range that, in our estimation, would cover

any of the colleges within the system in Ontario.

1. The Implementation of CAMPUS (CAATS) 2

Elapsed time to obtain operational results - -- 4 to 6 months

The following is a list of the major activities

that have to be undertaken in order to imple-

. ment the system:

I Education of the personnel within the

colleges, interviews with senior staff

to determine modifications needed to the

model, design modifications to the model,

design data collection system

II Carry out programming changes to the

model and set up operating communica-

tion system to it from the college

III Collect and analyze necessary data and

=1111.11

dm= .111111

establish system for maintaining currency

of the information 111111411

$3,000 - $ 6,000.

$4,000 - $10,000.

$4, ow - $10,000.
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IV Carry out pilot use of the model to insure

that the model is operational and that the

data are representative. Finalize training

of college staff and insure that those who

are using the system understand how to

operate it and how to interpret the results

TOTALS:

$ 4,000 - $10,000.

$15,000 - $36,000.

These cost estimates represent the full cost to the colleges of

having an organization like SRG adapt and install the system.

The costs include time, materials, miscellaneous expenses and

computer time.

2. The Operation of CAMPUS (CARTS) 2

College staff requirements in full time
equivalents

Annual fee to central technical group for
maintenance, minor modifications, consul-
tative advice, program improvements and
detailed user instructions

Cost of slow speed terminal for direct
hook-up

Cost of computer time to simulate the
college for one year (assuming IBM 360-65)

1/3 f.t.e. - 1 1/2 f.t.e.

$10,000 - $15,000
per year

$1,500. per year

$2.00 - $4.00
(i.e. a simulation of
the operation of the
college for ten years
into the future would
cost between $20.00
and $40.00)
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The cost of communications hook-up for

transmitting instructions for the experiment

and receiving a summary report 10 minutes
(the cost would vary
from $0.00 to $5.00
depending on the loca-
tion of the college)



APPENDIX I

THE PROBLEMS OF THE CAATS
THAT CAN AND CANNOT BE ANALYZED WITH CAMPUS (CAATS) 2



MODEL CAN'T

MODEL CAN

IN GENERAL

Forecast exogenous inputs - - e.g. data on enrolment
or rules on staff workloads.

Predict community needs.

Evaluate the quality of education.

Create alternatives, but does analyze them in
economic terms.

Calculate the resource requirements of alternative
educational programs.

Compare the costs of different administrative rules
on staff, space, equipment, enrolment.

Enable the administrator to manage and plan the
institution in the future.
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FINANCE

MODEL CAN'T

. Predict operating and capital allocations from
outside sources (except under formula financing).

. Control expenditures.

MODEL CAN

. Provide detailed cost estimates for the college,
division, department, program or activity.

Be used under different assumed funding levels to
indicate what courses, enrolments and methods
can be supported.

. Be the analytical mechanism of a Planning-
Programming-Budgeting System.

. Facilitate preparation of annual budgets and long-
term growth plans for review by senior authorities.

Provide detailed justification of requests for funds,
either under present procedures or as a supplement
to formula financing.
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F.

I
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I-3

SPACE PLANNING

MODEL CAN'T

. Say what kind of space should be used in a given
program, or set class size.

Prescribe certain sizes of offices, etc. for
academic and support staff.

. Lay down policies on ancillary facilities such as
libraries, residences, lounges.

MODEL CAN

. Forecast detailed space requirements under
alternative situations.

. Assess the impact on space of changes in teaching
methods, enrolment, etc.

. Pinpoint overages, shortages and % utilization of
different kinds of space at different future times.

. Assess the impact of alternatives in future
construction.

. Evaluate the effect, on space needs, of changes in
length of eaching week, computerized scheduling, etc.

. Assess the economics of flexibility.

. Produce information for architects on the affinity
of one type of space for others.
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ENROLMENT

MODEL CAN'T

. Predict enrolment (total or by course).

. Predict student choice.

. Assess promotional effectiveness.

. Tell about community needs.

. Forecast success of students.

MODEL CAN

. Calculate resources needed for different enrolments.

. Assess different mixes of courses.

Help cope with uncertainty and variations in actual
enrolment.

Evaluate the economies of scale.

Help set timing of acquisition of new resources.

Operate in long and short run context.
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ACADEMIC PLANNING

MODEL CAN'T

. Decide what courses should be offered.

. Balance academic vs. professional subjects.

. Say much about community role.

. Design course content.

MODEL CAN

. Compare the resources (staff, space, equipment,
etc.) needed for different mixes of program.

. Analyze the resource requirements for changing
course content.

Compare costs of educating different kinds of
students (day, extension, industrial, manpower).

11=1.1.01.11risimark



MODEL CAN'T

MODEL CAN

1;

1-6

TEACHING METHODS

Say which methods are pedagogically best

Generate new teaching ideas.

Measure student reactions.

Help make trade-off analyses of different teaching
methods.

Highlight the costs of introducing new methods.

Calculate how college costs will rise with enrolment
given possible changes in methods.

Help tie together enrolment, program decisions and
available resources into a coherent plan.

El



MODEL CAN'T

MODEL CAN

1-7

STAFF PLANNING

Say what kinds of staff should be used.

Help recruit staff directly.

Evaluate teacher performance.

Determine staffing policy.

Calculate the requirements for various staff.

Take into account alternative staffing policies
- - load, tenure, etc.

Analyze the cost of different mixes of staff.

Predict future staff work requirements under
alternative educational and administrative
policies.

Calculate future operating costs under different
staffing policies and salary scales.
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SAMPLE ANALYSES OF PROBLEMS
USING CAMPUS (CHATS) 2

During the course of the community colleges study, SRG analysts have

gathered data on, and created, a representative community college for

demonstration purposes. Although CAMPUS college is imaginary, its

organizational and educational structure is realistic, and it is an ideal

vehicle for carrying out experimentation and testing without revealing

confidential data. A base case and three experimental cases and been

run through Remote CAMPUS to illustrate the experimental capabilities

of the CAMPUS system.

Base Case

CAMPUS college began operations in the Fall of 1967, and after two years

of operations, administrative and academic personnel evolved a ten year

plan with enrolment increasing from 1148 students in 1969 to 3591 students

in 1978. The forecasted input data and policy parameters are stored on

CAMPUS college's data files at a large computer center, and a ten year

run was made.

Figure 1 is a summary report for the total operations of the college over

this ten year period. Academic staff costs have risen from $1,566,000.

to $3,307,000.; total operating costs have risen from $2,147,000. to

$4,800,000.; Space requirements have risen from 120,000 sq. ft. to

almost 284,000 sq. ft. Capital costs were calculated on the basis that

deficiencies in space were rectified each year through new construction.
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As enrolment has increased, cost per student has dropped from

$1870. in 1969 to $1336 in 1978, and space per student from 104 sq. ft.

to 79 sq. ft.

Case 1

Due to increased enrolment in area high schools and expected popularity

of new programs being offered at CAMPUS College, the registrar has

changed his enrolment forecast. It is now expected that total enrolment

will reach approximately 5,500 students by 1978. Case 1 is a ten year

run with no data or policy changes except the above mentioned increase

in enrolment. College costs are reflected in figure 2, and costs for one

division or faculty are shown in figure 3. Total operating costs are con-

siderably higher with the increased enrolment, moving to $6,647,000. in

1978 while space requirements hav risen to 408,000 sq. ft. in 1978.

Although total costs have increased, economies of scale are evident

since cost per student and space per student in Case 1 are lower than in

the base case.

Case 2

College personnel have decided that the enrolment estimates postulated

in Case 1 are realistic, but the college is faced with a stringent operating

budget. In order to reduce academic staff costs (the largest single element

in the operating budget) administrators have decided to analyze an increase

in teaching duties by 15% and an increase in class size by 15% over the
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ten year period. Figure 4 contains a college summary report which

reflects these changes, while figure 5 contains the same report but for

the Arts faculty. Academic staff costs and therefore total operating costs

have been reduced considerably as is shown in figures 4 and 5. Cost per

student has also been reduced from $1,778. to $1,643. in 1969 and to

$1,051. from $1,211 in 1978. Since overhead costs have remained

fairly constant, the drop in cost per student is most evident at the teach-

ing level: This can be seen by a comparison between figures 3 and 5.

Case 3

Although operating costs for the first five years have been reduced to a

reasonable level, it is deemed necessary to reduce space requirements

and hence capital costs below the forecasted level. Thus teaching space

policy has been altered by changing the length of the teaching week for

all teaching space from 35 hours per week to 45 hours per week. The

resultant changes in space requirements and capital costs are illustrated

in figure 6. The results show that there has been a small decrease in

total space requirements and capital costs; space per student has dropped

from 104 sq. ft. to 99 sq. ft. in 1969 and from 74 sq. ft. to 68 sq. ft. in

1978. The drop in space requirements is not proportional to the increase

in the length of the teaching week: This is due to the fact that a large pro-

portion of the space is devoted to service departments and is not effected

by changes in academic policy, and some types of teaching space were not
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used fully in earlier years and therefore were not effected by increased

availability.

Summary

Figures 7 and 8 illustrate comparisons for total costs and operating costs

per student between four runs. In addition graphical output of summary

values would be available although it was not requested in this case.

Figure 9 illustrates one such graph.

The above cases are somewhat simplified with respect to the real world,

but are meant to illustrate the ease by which problem analysis can be

carried out by college personnel with a CAMPUS model replacing the

drudgery and inaccuracy of manual calculations, and greatly reducing

the response time once the user has defined his problem or changes.
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APPENDIX III

A NEW APPROACH TO FORMULA FINANCING



A NEW APPROACH TO FORMULA FINANCING

During the course of our project we have become increasingly aware of

the difficulties that the government has been having in attempting to arrive

at a scheme for financing the colleges on some formula basis. In a docu-

ment entitled "The Pros and Cons of Existing Formula Financing Systems

and a Suggested New Approach" we have reviewed the various types of

formulas that are being used throughout North America. We have then

outlined an approach to developing a system of formula financing by taking

advantage of the CAMPUS (CAATS) 2 model. This approach enables the

government to develop, in cooperation with the colleges, a set of weights

that meets the criteria of equity, and ease of understanding that are

required for formula financing. On the other hand, the scheme is so

structured as to take into account the individual differences of colleges and

the effect on costs of scale of operations, mix of programs and various

other key factors. The system is not so loose as to defeat the primary

purpose of the formula scheme, that of having a well understood and

predictable means of funding the institutions, and yet it is flexible enough

so as to allow a great deal of individuality within the colleges.

The approach and the steps needed to develop such a system are outlined

in detail in the above mentioned document.



APPENDIX IV

EXTENSIONS OF CAMPUS TO AID IN
THE DESIGN OF PHYSICAL FACILITIES



[

Universities in the early growth stage stand
to profit greatly from the use of simulation
models. The range of decision variables is
so broad and the importance of early deci-
sions so great that the planners deserve all
the assistance they can get. The design and

Iv 1
Judy, R. W., and Levine. J. B.; A New Tool for
Educational Administrators. University of
Toronto Pelee, 1966.
Judy, R. W., Levine, J. B., and Wilson. R.;
"Systems Analysis of Alternative Designs of a
Faculty", a paper presented at the Organization
for Economic Cooperation and Development
meeting. Paris, 3-5 April. 1966.

use of a simulation model in the formative
stages of university planning may avoid
costly errors and raise the returns from new
educational investment.

It has been demonstrated by four years of

Levine, J. B.; "Application of the CAMPUS
Simulation Models to the Major Planning
Decisions of a Large University". a paper
presented at the Second Conference on the
Applications of Simulation. New York.
December 2 -3, 1969.

t Levine. J. B.; A University Plonning and
Budgeting System Incorporating e Micro-
analytical Model of the Institution, Unpub-
lished Ph.D. dissertation. University of Toronto.
1969.
Levine. J. B. and Judy, R. W.; "The Integration
of Simulation Models and Program Budgeting
in University Planning and Administration", a
paper presented at the Joint ORSA-TIMS
Meeting, San Francisco, May, 1966.

research and implementation that it is pos-
sible, with the present CAMPUS technology.
to make pronounced improvements in the
quality of decision-making in higher educa-
tion, thus insuring more efficient utilization
of the resources that unversities have at
their disposal. 0

sloe*

I.
Ple Ilstiory
Rentiew

Taft lam Used University's Rate Architect's Role

Non-computerized analysis of broad aims and
budgets to establish guidelines for the planning
process.

Consider and evaluate the following: general
oojectives general availability of funds (tim-
ing) capital and operating budget constraints

addition to existing facilities or new build-
ings simple or elaborate design, aesthetics.

Supply general cost and other information with
respect to type and size of physical plant
needed.

3.
Program a.

CAMPUS simulates the aggregate duce. lion of More specific definition of objectives: enrol- Assist university in developing planning ratios
the expansion. Alternative plans are explored mints by major programs level of research related to space.
to achieve a desired and feasible set. general space indices non-space require-

ments.

CAMPUS simulates alternative means of pro-
gramming the planning objectives and esti-
mates, facilities and operating cost require-
ments. Alternative architectural designs are
assessed for their ability to cops with possible
future events. Operating and capital costs of
various plans are evaluated and a few plans
are selected after an iterative process.

Proposed alternative means of carrying out
objectives with respect to: teaching method
possible innovations at some future time
administrative and staffing policies perfor-
mance criteria of space type needed.

Create preliminary schematic designs that can
be costed -nd evaluated.

4.
IMM
Dodge

CAMPUS simulates the operation of the uni-
versity under various programming arrangements
and produces space relationship Information
showing the affinity of one space to another
based on: student movement staff movement

olectro-mechanical support system pro-
vision for expansion load bearing needs
miscellaneous support systems.

Factors that affect the placement of space in
three dimensions are considered: department
that should be close facilities that should be
close importance of minimum staff movement

importance of minimum student movement
possible expansion by department.

Weigh the results of the model's analysis, the
university's desires, aesthetic and other design
factors to create a space position plan and
design.

s.
MOW
ArekNeefiral
Plan

CAMPUS develops a detailed set of operating
and capital resources requirements for the plan
that has been chosen.

Plans are reviewed and approved. Detailed plans are prepared for letting con-
struction contracts.

Overseeing Supervision

7.
Mater Pim Information in CAMPUS is updated and forms

the basis for a master plan that incorporates
academic and administrative Outs but no
specific building plans. The plan may be experi-
mented with and updated as new situations
arise.

Fis. 2.
Planning and Programming New Facilities with
CAMPUS as the Master Plan

The new directions that might be pursued by
the institution are continuously evaluated and
explored with the CAMPUS master plan incor-
porating the latest thinking of the university.

A general flow system for people and mechan-
ical systems provides the architectural skeleton
for the CAMPUS master pion but no detail
beyond this is supplied for future changes.
Changes made to CAMPUS. not architectural
drawings. When decision is made to build
steps 1 to 6 are repeated.
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Campus Planning

Dalhousie University
Master Plan
Evan H. Walker Consultants, Architects

Mechanical and Electrical Consultants:
R. E. Crossay & Associates and Engineering
Services Company Umited

Dalhousie University is housed on two
campuses, in the residential southern end
of the Halifax peninsula. The main campus
lies on a slight rise at the head of a long
formal boulevard axis. The main buildings
are placed symmetrically about a court-
yard which is the visual and activity focus
of the university. The campuses are
separated by a quarter mile of residential
grid, with the boulevard linking the two.

The Problem

The chief factors of concern in the formu-
lation of the 50-million dollar development
plan, apart from that of competition for
funds, are:
A projected enrolment double the present
figure of 4,000 within the next decade.
Limited space to expand, both on the
existing campuses and in the surrounding
urban area.
A lack of expropriation powers aggravated
by consequently inflated property values in
the vicinity.
Building stock anr4 recreational space.
which even at pre- enrolment is over-
strained.
A rapidly increasing student housing re-
quirement coupled with a static and
saturated rental market.
Separation of the main and medical
campuses.

Objectives

The major objectives of the plan are to
achieve rational growth; increased density;
unification of the two campuses; and a
diverse but concentrated environment for
working, living and recreation. Dispersal

44

1 Present land ownership. The university uses
properties it has acquired for parking or acade-
mic purposes until sufficient are assembled in a
block to make a development possible. Imple-
mentation along the boulevard open space
spine has begun.
Terrain actuel. Acquises separement les
proprietes servent au stationnement avant qu'un
bloc se d6veloppe.
2 The Concept. New buildings housing heavy
student uses move the activity center from the
present "visual Focus" to a central position on
campus. The existing traffic pattern is rational-
ized to absorb all non-essential vehicles at the
perimeter and to make use of land space offered
by existing streets and roads. The formal
existing focus is maintained. Development is
"hung" on a movement and utilities framework
as changing needs dictate over time.
Concept. Nouveaux bitiments deplagant le
centre visuel et voitures menet) A la peripherie
suivant disposition de viabilites.

team. UMW* 41E00

1

2

heirs L
4

hew

c/41\--11r.

Krp4a1/2

I.«
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IV - 2

The following description relates to Figure IV - 1 and describes in a

general way some of the additional analyses that can be carried out

using CAMPUS (CHATS) 2 generated space requirements.

STEP 1 Space requirements are generated. This can most easily

be done using the CAMPUS simulation technique, but could

be done in a large institution by the traditional means, or in

a small institution by a study of courses offered and recom-

mended class sizes etc.

STEP 2 An inventory of available space could be drawn from CAMPUS

STEP 3

data or measured by traditional means.

The fit of required spaces into available is not a simple

problem for the following reasons 1) small classes can use

large rooms, 2) some room types are compatible to several

activities, 3) some rooms are "owned" by departments or

colleges, 4) migration distances about the university become

quite important as size increases, and 5) capital building

costs, renovation costs and maintenance costs are not easy

to evaluate.

STEP 4 It is possible using linear programming to "best match" avail-

able and required. Depending on the detail required one may

suppress the following information: 1) location (i.e. consider

everything to be at one place), 2) college and department



i

i

STEP 5

STEP 6

STEP 7

IV --3

(i.e. consider everything to be "owned" by one college or

department, 3) type (i.e. all classrooms are of the same

type - theatre and moveable seating are identical). It is

possible to study one college in isolation or one category of

space without conflict with others. A complete analysis for

an institution like the University of Toronto is impossible

even on modern machinery.

Having discovered gross averages and underages of space is

it possible or desirable to alter activity loading and room

requirements.

If one desires detailed information about corridor and partition

(gross) it is possible to quickly calculate these based on num-

ber and type, and size of rooms required.

Using the above one knows a) how many rooms of each size

and type he needs, and b) the mechanical and service spaces

(like libraries and common rooms) that are required at this

point in time. Unit costs can be applied and a "continuous

capital cost" estimate built up. This would be the cost, for

example, to build as required two classrooms, three labs,

one thousand sq. ft. of offices and four hundred sq. ft. of

mechanical space.



STEP 8

STEP 9

STEP 10

STEP 11

IV - -4

The above figures would be at best inaccurate but further

study would determine feasible building amounts. For

example if the requirements were for one hundred thousand

sq. ft. of offices, and thirteen thousand sq. ft. of class-

rooms one might have a "feasible building project".

It is possible to study the increased utilization factors which

one would have to employ to stall off additional building. One

might explore these and increasing space needs with an

"optimal building start time model".

Throughout this process one must experiment by testing

alternatives further back in the chain. It may always be

possible to change student loadings, or renovation or depart-

ment ownership policies to obtain a "lower cost" or a "higher

benefit" solution.

With unusual buildings like a medical science complex one

will have to start gathering information on user needs very

early. A more simply conceived building like an "arts

addition" may require that limited information be gathered.

Techniques are under investigation for determining user needs -

primarily the use of questionnaires by personnel, users, and

administrators about communication and such space require-

ments as staff workspace and common rooms.



STEP 12

STEP 13

STEP 14

IV -5

Grouping theory can be used to determine which needs or

objectives depend on which others. It is infeasible to build

a theatre without dressing rooms and browsing through library

stacks may conflict with certain security precautions. Several

methods have been identified to group relevant problems to-

gether for study in total; one particular study clearly dis-

played the relationship between individuals in a building

(i.e. who should have offices nearest).

As spaces are defined as needed and quantities are assigned

an inventory of rooms and equipment is built up for study.

Such figures as number of toilets and the amounts of mechani-

cal space can be determined in more detail.

Preliminary cost estimates are prepared using "sketchy"

data. The partition area and proportions of exterior wall to

volume for example can be used in conjunction with square

feet by space category to experiment with hypothetical struc-

tures before and during the period in which early drawings

are done.

STEP 15 Sites can be selected for "least migration", and corridor

patterns can be arranged to minimize the amount of corridor

space required. The important thing to note is the speed
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with which many alternatives can be displayed and roughly

evaluated. Probably at least four or five sketch plans

could be displayed and costed in a day by an experienced

operator once the systems was understood. Using traditional

methods each such plan would take at least a day with as

detailed costing. It will of course always be necessary to

evaluate social and psychological intangibles by hand.
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