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INTRODUCTION 

Models of the education system are severely l}mited in the contribution they can make to educational 

planning. These limitations will become increasingly clear'in the course of this-paper. What they 

can provide is basic information in a form which enables decision-makers to see the quantitative results 

of alternative policies. 

The term 'model' tends to he ambiguous because of its use in many different- senses. fts 

meaning in the context of the present study is best defined by reference to the characteristics of the 

Models examined. From a practical viewpoint, the type of model with which-we are concerned con-

sists of four parts: , 

- A set'of variables describing the part of the education system to tie 
analysed.

A sei of relationships among variables, expressed as equations. 

. 	- Estimates of the. parameters governing the relationships. 

Solution procedures for the model. 

These features are also present in mathematical models which require a much more detailed know-

ledge of the relationships between variables than can be expected in the education system. For this 

reason, many of the models developed in education have incorporated the technique of simulation 

which is particúlarly appropriate in. complex systems where the relationships between variables are 

not well understood. 

The paper is divided into two d?stinctsections. Section I consists of u'fairly detailed 

examination of four models, with the purpose of illustrating the strengths and Weaknesses of this type 

of model. By comparing the four models it is sometimes possible to'find approaches in one model 

which overcome the weaknesses found in the others. This overview is followed by a more detailed 

look at SOM - A Simulation 'Model of the Educational System*, developed by OECD. As SOM is a 

generalized model; the examination concentrates on its applicability to the long-range planning needs 

of the .Victoria Education Department. It is cdncluded that the model would be of use, but with a 

number of provisos. 

Section II is an 'attempt to apply what has been.lenrned from the previous examination, by 

constructing fi model of primary education in Victoria.' The main purpose is to become aware of the 

problems involved in model construction, rather than construct a model which could be made 

'immediately operational. Two features of this model should be mentioned.  

1. it is designed as a short-term planning tool. The four models considered in Section I are 

essentially for long-range planning purposes. The decision to concentrate on the construction of a 

short-term model made it possible to consider whether this type of model was s iitable for short-term 

planning purposes. The general conclusion is that the limitations of a model are more pronounced 
• 

• 



Introduction 

in short-term applications and that techniques which- provide a range of optimum solutions could be 

more useful. 

2. •;The model incorporates specific features of the system in Victoria, and attempts to provide 

answers tc specific questions likely to be asked within that system. This approach tends to highlight 

the problems that would be involved,i'n using a generalized model.  

While the paper concentrates on the application of cost-resource models to a specific educa-

tion system, many o(the problems encountered have general relevance to other education systems 

contemplating the introduction of such a model.



I. AN EXAMINATION OF FOUR MODELS IN USE WITH EMPHASIS 
ON THE RESOURCE AND COST SECTIONS OF EACH 

The purpose of this section is to look critically at four models which have been developed and applied 

at the level of national or State education systems. Such an examination will indicate the problems 

faced in model development and thus can act a., a guide in the development of t model specifically for 

the Education Department of Victoria. In addition, as two of the four are designed as general pur-

pose models applicable to a wide range of education systems, the present examination should indicate 

whether these generalized models could be applied to the situation in Victoria. 

The four models to be éXamined are: 

1. SOM - A simulation model of the educational system. 1/. The'model was developed by OECD 

as a generalized model applicable particularly to situations where data collection is well developed. 

2. The Unesco education.simulatiiin model (ESM). 2/''This is also a generalized model which 

has been applied mainly to the education systems of underdeveloped nations. 

3. A cost' model for Norwegian education, 3/ developed by Olav Magnussen, which covers only 

primary and lower secondary education.. 

4. Model showing the effect of demographic growth on the development and cost of first-level 

enrolment and teachertraining.4/ This model was developed by Ta Ngoc Chau as part of his exam-

ination of the influence óf population growth on the costs of education. • 

It is proposed to first examine the four models in terms of a nuriiber of aspects related to 

the stated purposes of 'the models and the mgthodstiused to achieve these purposes This overview 

of the four models will be followed by a more detailed examination of the SOM model with emphasis 

on its applicability to the long-terre planning needs of the Education Department of Victoria. 

1/ OECD, SOM - A simulation model of the educational system - technical.. 
report (Paris, OECD, 1970). Referred'to as SOM.

2/ Unesco, The 1Jnesco educational simulation model (ESN1) (Paris, Uneseo, 
1914). Referred to a$ F5M..' 

3/ IIEP, Educational cost analysis in action'- cáse studies for planners, 
Vol. II, pp.95-130. Referred to as the Norwegian model. (Paris,.I1.V.I', 
1972). 

4/ Ta Ngoc Chaur.Population growth and costs of education in developing 
countries (Paris, Unesco, 1972), pp. 279-309. Referred to as  the
dem.,graphic model. 



The applicability of cost- resource models to the planning 
requirements of the Education Department of Victori a, Australia 

1. Stated purposes

The four models have in common the fact that áll clàim only to be tools for the computation of the 

results of alternative resource allocation decisions.1/ This limited aim is achieved through the 

solution of a set of equations which describe the assumed. relationships between  váriables. Each

model focuses on certainkey variables which are considered to be controllable    by policy-makers, 

such as pupil -teacher ratios and class size. By altering these key variable s and running the model 

again, it is  possible to assess the system-wide impact of these alternative policy decisions.. It is 

also possible to adopt alternative       assumptions as to the future levéls of variables such as population 

growth, or retention rates. The model can then be run under these changed assumptions in order to'

assess the likely impact on the system as a whole. Such repeated Solution of the model' is normally 

reterred to as	simulation. None of the models attempts to produce an optimum   solution to the allo- 

cation of resources, but merely to spell out the expected results of' each alternative allocation. 

Decisions as to which of these alt ernatives should he adopted mulet be made on the basis of educational, 

social and cultural factors which are,difficult, if not impossible, to incorporate     in such a model. 

As part of the simulation asject, each of the models also provides the facilty to measure the sensi-

' • tivity of the system to changes in policy variables or to changes in one of the exogenous variables

such as population growth. 

Although the models have much in common, tlíere are also differences in their stated pur-

poses and applications. The Norwegian model, designed as it is for a speci fic educational System 

and designed to solve a specific problem, is rather differept in approach fro m models such as ESM 

'and SOM. These differences go beyond alternative methods of calculating variables,, (which will be 

dèalt with below) to the 'mental set' of the model designer. • The Norwegiaq model stresses the. dis-

tinction between policy variables, which are, under the control of decision-make -, and exogenous 

variables, far more than the other models. , As Magnussen points out: "Since this model is intended 

to reveal the cost implications of alternative decisions by the policy-makers, the distinction between 

policy variables and exogenous váriables reflects the extent of his control over the variables. "2/ 

Another feature of the Norwegian model is the stress placed on the linterdependence between 

variables, which is again a reflection of the purposes for which the model was designed. 

ESM has a feature which is missing from all the~other models. It rejects alternatives which 

are not feasible; for example, • alternatives calling for an increase in third-level education beyond the •

possibilities of expansion of the first and second level, or expansion beyond the possibilit ies of teacher-

training institutions to meat the demand. 'This featare does not make ESM a decision model, but it ' , 

does eliminate some of the sifting' necessary when results are produced. It is interest ing that the 

meeting of experts which critically examined SOM proposed modification of the model to incorporate 

a similar feature. 3/ 

1/ SOM, op. cit. , p. 5; ESM, op. cit. , p. 14; Norwegian m9çlel, op. cit. , 
p.108; demographic model, o. çit. , p.281. 

2/ Norwegian model, op.cit. , p. 101. 

3/ OECD, The use of simulation models in educational planning - a critical 
eváluatibn j? SOM ( Paris, OECD, 1971), p.8. Rexerred to as 'A critical 
eváluatioïi 4f SOM'. 



   

 An examination of four models in use with emphasis on the 
resource and cost sections of each 

Although in the construction,'of all models it is necessary to take cognizance of the'availability 

of data, this has been a particularly important factor in the development of ESM. Because it is 

designed with the needs o( underdeveloped nations in mind, this feature is particularly important and 

has shaped many of the features of the model. -For example, although many items'of expenditure car{ 

be broken down ih considerable detail as input to thé'programme, it will also accept mucli less detailed 

data. Even so, in the countries in whit 'the model has.been applied, much of the required data was 

not=available in the detail required by the model. 1/  
Unlike ESM, which has generally .teen applied by thosè who developed the model and has been 

modified us a result'of these applications, documents on SOM stress a wide range of possible appli-

cations. The choice of ,application and modification resulting from this choice, is left to the user. 

An article by Nuiziere 2/ lists four major areas of application. These cover the use of SOM as

- a forecasting tool 
a programme-budgeting tool 
an exploratory tool, through the use of sensitivity analysis . 
a planning tool, through the simulation of alternative strategies, 

Although these possible applications are not mutually exclusive, there is a danger that a model which 

casts its net so widely could produce results'which are too detailed for the problem posed by the user. 

The need for application studies to guide in the modification of SOM was recognized by the meeting of 

technical experts organized by OECD in 1970, where the following proposal was made. "Efforts 

should now he concentrated on applications. Modifications to the, model should be introduced only in 

relation to application studies. "3/ 

The problem of disparity between the stated purposes' of SOM and the detailed nature of itt. 

output is taken up and possible solutions suggested in the section dealing with SOM. 

The demographic model, like the éthers, is used to "... estimate the range of possible costs 

according to various sets of hypotheses. concerning the change of policy variables and of exogenous 

variables". 4/ 13 :t, in addition to this, the model is used "... to isolate the various factors of cost 

increase and to show their relative - share in the increase of total cost".4/ This is done by com-

parison of the base year with the horizon 	year, thus isoating the increase due to each factor. 

2. Time horizon  

The demographic model, SOM and ESM are specifically designed as long-term planning tools; long 

ternr,being defined as 10-15 years (ESM), 10-20 years (SQJ1) and 20 years in the case of the denio-

graphic model. The long-term nature of these models determines many Of their features. One 

aspect of this is. that variables which are appropriate in the long term would hot be satisfactory for 

1,/ See for example, Unespo, Application of the Unesco'educational simu-
lation model - Philippines - alternative educational strategies, 19,70- 1985 
Technical progress report No. 4. In manuscript. 

2/  M.	 Nuizieee, "Application field of SOM". A critical evaluation of 
SOM, op , cit., pp. 27-39. 

3/ A critical evaluation of SOM, op. cit., p. 9.  

'4/ Demographic model, op. cit., p. 281. 



The uPplicability of cost-resource módels to the planning 
requirements of the Education Department 'of Victoria, Australia 

short-term planning.. .Pùpil-teacher ratio, for example, which is used in both ESM and the demo-. 

graphic model and is implicit in..SOM, is quite satisfactory for indicating the total number of teachers 

required 10 to 20 years in advance: In the short term (3-5 years) decision-makers are concerned 

with more detailed considerations. Ari overall pupil-teacher ratio, even if broken down by type of 

teacher, will rarely indicate how many teachers of that type are actually available to teach. Con-

siderations such as the likely number of teachérs on leave, the movement of teachers through pro-

motion,, resignation or recruitment and the number of teachers needed for function•bther than clasp 

teaching are of more concern in the short term. 

In the long term also, more variables come under the control of decision-makers. As, 

biagnussen points out: "The policy-maker may have no control over a variable in the short run 

(far instance the supply of trained teachers), but may be able to affect it in the long run. "1/ 89

The use of the simulation technique in a model with comparatively simple variable com-

binations is particularly appropriate when a wide range of policy variables is'available to the decision-

maker. The emphasis in both ESM and the demographic 'model is on the exploration of the effects of 

alternatives rather than on accurate forecasting. The main application of this type of model is thus 

correctly seen to be in the area of long-term planning. , Of course, there is no reason why the fore-

casting aspect of the model need be played down even in a long-term model, as is evidenced by SOM. 

The mogel does, however, become much more complex and the data needs substantial. Both ESM

and the demographic model explicitly aim t6 provide a model which can be made operational with a 

, minimum of data. 

. • The long-term model is also particularly suitable fór simulating the effects of changes in the 

structure of- the education system. Of their nature these structural changes generally take a number 

of Years to work themselves through the system and, in addition, preparation for the changes needs to• 

be made many years in advarfce. The model can show the impact of the change in each year and alert 

decision-makers to the level of increased or changed provision in areas such as teacher training and 

capital expenditure which will be needed in the years before the full impact of the dhange is felt. 

The Norwegfan model does not type itself a., either short term or long term, but estimates 

were made up to 1985-1986 in the case described. Many of its features, however; suggest its use 

also in the short run. An example of this is the loading on teachers salaries to allow for teachers on 

leave. 

3. Flexibiliy 
It is obviously important that a generalized model should be flexible in terms of being applicable to 

the structured of a number of educational systems. This flexibility is achieved in part in 50111 by 

assuming that educátion systems consist of a number of 'boxes' and that pupils flow through these'

boxes, making provision for repetition, drop-out, leaving school and moving to another box. The 

fitting of an actual school system to this framework is left to the user of the model. A similar frgme-

.work underlies ESM. Another aspect of both models which contributes to their flexibility is that they 

allow -for varying levels of aggregation when applying the model. Provided the data is availalile, it 

Norwegian model, op. cit. , p.101. 
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  is possible to provide separate estimates for different regions in a system, for different sex of pupils 

or teachers, for type of teacher, for type of course and, in the case of SOM, for different socio-

economic groups among pupils. 

.I.t is also possible, with SOM, to use any combination of the sub-models, without junning the

full model. After running the full model it would for instance be possilile to focus attention on teacher 

supply and a number of assumptions in this area explored, without again running the full model. 

Despite these elements which contribute to the flexibility of generalized models, it Is not 

possible for this type of model to incorporate all relevant features of a particular system. A ibtudent 

flow model for Victoria would, for instand•, incorporate flows in and out pf the systém through over-

seas and interstate migration, and movements to and from the private school system. Such flows can

be incorporated in SOM through the use of 'dummy'. units but this appears to be rather cumbersome. 

Ideally, changes could be made to, the model programme to fit' it to the needs of a particular eduéation ' 

system." Thus is nqt possible until computer prógrammers are familial with the characteristics of 

the model and the 'programme. Thifi would 'appear to be a major disadvantage of the use of genersaliz.ed 

programmes, however flexible in operation they may be. . 

4. Major variables and equations

The purpose of this section is to indicate how each of the modelè arrives at key resource and cost 

values. To do this it is necessary to look at the variables used and the relationships between variables 

which are expressed in the equations of the model. In.order to make clearer the similarities and 

differences between the models, equations will be expressed in words so as to avoid the confusion 

caused by the use of different symbols in the four models. This approach, is neither as precise nor 

as elegant as that adopted by the authors of the four models cited. It is,t ed only to highlight the 

methods of establishing' major rélationships. Reference to the full deicriptionçof,each mpdel is neces-

sary for a complete understandirîg•of a particular model. 

The methods by which•the following values are arrived at wit} be examined: 

Teacher numbers: Costs: (a) teacher salary costs; (b) other re'éurrent costs; (c) capital - places to 

ht. built; cost per place. 

(i) Calculation of teacher numbers 

1. ES\I - The number of teacherS required is equkil to enrolment divided by pupil-teacher

ratio. 1

2. Demographic model - The number of teachers required is equal to gnrolment multiplied by 

teacher-pupil ratio. 2/ 

1/ . All variables are subscripted by type/level of course. Breakdown 
according t6 teacher qualifications is achieved by multiplying total teacher 
numbers by the proportion of teachers holding each type of qualification. 

2/ Teachers are broken down according to type of teacher, with each 
teacher type having a distinct teacher/pupil ratio.

https://genersaliz.ed
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3. ' SOM - The number of teachers required is equal to the number of class hours to be taught 

each week, divided by average teachers weekly teaching obligations. The number of class hours to 

be taught is calculated for each 'activity' 1/ separately and is equal .to the proportion of pupils taking 

the activity divided by the average class size for the activity, multiplied by enrolment and the weekly 

hours for the activity.2/ 

4. Norwegian model - The demand for teachers is equal to the demand for teachers per pupil 

(teacher-pupil ratio) multiplied by enrolment multiplied by an adjustment coefficient for replacement 

of teachers on paid leave. 

If is clear that ESM and the demographic model use the same method of calculating teacher 

needs. SOM, if we defhie 'activity' as the entire primary school curriculum, takes into account 

average class size and the teaching obligatigps of teaching staff. The full calculations would, however,

be particdlarly suitable for calculation of secondary school teacher numbers. The Norwegian model, 

becausé it is dealing with a specific system, takes into account particular features of the system. 

Some periods are taken in full classes and some in divided classes and this fact is taken into account 

in calculating teaching hours per pupil per year. In addition, teachers have set weekly teaching 

obrigations eveh at the primary level. It then also Uses a teacher-pupil ratio, but incorporates a 

loading to provide additional teachers to replace those on leave. This appears to be a valuable feature 

of this model and one which could well be incorporated in SOM or other models designed to show total 

teacher needs. In Victoria, during 1974 at least eight to nine per cent of the total teaching force was 

on leave at any time during the year. This represents 4,000. teachers to be replaced. Some, of these 

teachers are on short-term leave and can be replaced by emergency teachers, but in the case of long-

term leave permdnent teachers are needed for replacement. The demand, for teachers éhould•there-

fore incorporate this factor, at least for short-term planning purposes. 

(ii) Calculation of costs 

Teacher salary costs. fi) ESM - Total te-i her salaries are equal tti teacher salary costs per pupil, 

multiplied by enrolment . Teacher salary costs per pupil are found by dividing average teacher salary 

by the pupil-teacher ratio. (ii) Demographic model - Total teacher salaries are equal to the product 

of ;early teacher salary, enrolment and teacher-pupil ratio. (iii) SOM - Total teacher salaries are 

equal tb the number of teachers multiplied by•the yearly teacher salary. (iv) Norwegian niodel -

Total teacher salaries are equal to total school hours per year multiplied by the hourly wage-rate and • 

the adjustment•coefficient for teachers on leave. Total school hours per year are made up of teach-

ing hours, pedagogical hours and administration hours. 

I/ "An'ádtivity'.can be a subject, a group of subjects or the entire curri-
culum, depending oh the aggregation •wanted' ; SOM, op: cit. , p. 15. 

• 2/ Chours = Stud x WIIC x PERC/CLSZ. 
. Chours = class hours 

Stud = enrolment 
WIIC = weekly lfburs for the activity 
PERC = proportion of students* taking the activity4,

, •CLSZ = class size. 
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in all cases.' average teachet salaries are broken down on the basis of teachers of different 

types,, generally tied to the level or 'activity' in which they teach. The demographic model takes 

this breakdown a step further by recognizing thr:t teachers of more than one type are likely to teach 

at earli level or in each activity. Primary-level teachers, for example, , may be áf a number of 

teacher types, dependent on qualifications or experience, while teachers of science may also be of 

a number of types. Such variations are implicit in the average salary figures:of the other three 

models, us the average salary will include teachers of all salary types involved at that level or in 

that at•tivity. This assumes, however, that . the salary profile of teachers at á level or t ctivity will 

remain constant over the planning period. This may not be the case if a Specifics prograirin a of up-

grading teachers qualificatl9ns is undertaken. Even without such a specific programme, thdisalary 

profile is likely to change because of supply conditions, changes intèacher resignation rates or

changed promotion opportunities for teachers. • 

The demographic-Model incorporates "... a coefficient which depends upon the qualification 

profile of the teaching force ... and upon the differences between the average salaries of the various 

types of teachers.... "1/ Such'a coefficient would appear.to.be useful in the case where a policy of 

changing the qualification' profile or the. wage differences between various typés of teachers has been 

annoupced for the planning period. In the case where'theáe changes are brought about by supply fac-

tori, it would seem reasonable to develop the average salary figures with a separate teacher supply 

model. This approach will be developed in the section on the proposed short-term model for the 

Victoria system. 

Other recurrent costs. Four distinct approiiches°to the probleni.of estimating other recurrent 

costs cari'be isolated. , , All four models use costs per pupil for at least some elements of recurrent 

costs. ESM and the deniographic model use only this approach. ESM breaks costs down into a

number of,cutegories (e.g. personnel other than teachers, operation and maintenance. costa) but the 

unit in each case is the pupil. A seconçl approach is represented by the Norwegian model, where 

transport and. housing are based' on the unit of pupils using the service. Where these iteius are of 

importance, this would appear to be a useful refinement. • ;i'he use of u number'of units other than 

.the pupil is the third approach. The Norwegian model,uses the 'school hour' as theunit for recurrent 

costs other than	transport, housing, furniture arid books. Use of the .'school hour', which includbs 

teaching hours, pedagogical inspection hours and administration'hours, has the advantage that It  

recognizes the different proportion of costs absorbed by pupils at different levels: Such a refinement 

ih probably possible in this form, only in a model designed specifically far a particular system. 

S()\1 uses two units other than the pupil. For running costs of buildings, the cost is calculated per 

square unit for each space type. For major pieces of equipment (e. g.. T. V. sets) the unit is the 

running cost per piece of equipment. lyhile all recurrent costs are related to pupil numbers, some 

items of t ecurrent costs are likely to' be more directly related to units oilier than- the pupil. Ttw 

improvement in predictive ability resulting from the incorporation of units other than the.pupil is

likely to be, small in whole system applications of-a hiodel. If, however, the model- is dealing ith 

smaller sections of the system such as a region or a particular '`activity' '(in the SOM sense), then 

1/ Demographic model, op.cit., p. 299. 

https://probleni.of
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the value, of this type of refinement is likely to be much greater. " The fourth approach.is unique to 

SOM. This involves the costing of 'indirect resources' such as those for administration and libraries. 

(Jere the basis of costing is the 'unit', which could be the administration of a school, or alibrary. 

The total personnel, running Costs, equipment and space for each unit is calculated separately. The

number of 'units' of each type required is based on the number of pupils (or teachers) required to 

Justify the provision of the unit. This will be dealt with in more detail in the section dealiñg with SOM.* 

Capital costs. The Norwegian model does not incorporate estimates of capital costs. For 

the problem to which the model was addressed in the cited reference this may be acceptable, 1/ but in 

most applications the capital costs involved in each assumption explored will be of importance. ESM 

and the demographic model both calculate the number of additional places required because of enrol-

ment increasel.;, and the number of places required to replace unsatisfactory accommodatidn. They 

di fer in the way they break down total capital costs, ESM uses separate values, per pupil place, 

for site purchase, construèfion of teaching and common areas, laboratories and workshops, furniture 

and equipment. The  demographic model differentij*tes between different types of classrooms to be 

built and attaches to each type of classroom un average building cost per classroom. It then uses 

estimates of .the proportion of each type of classroom to be built, in order to calculate total capital 

costs. Choice between the two approaches would depend on the extent to which` data was broken down 

by level of education and geographical area. 'The breakdown of the system would also need to incor-

porate the•element of size of school as it has been shown that smaller schools have higher costs per 

pùpil place than larger schools.2/ The ESM approach does, however, present formidable data prob-

lems in a model which claims to be suitable for application in situations where data is difficult to 

ohtain. 3/ 

ESM afid ,S6M share a facility for calculating space requirements in the situation where excess 

capacity exists at sonic levels or in some areas, at the same time as there is a shortage in other 

areal.; pr .levels. The SOM approach is to divide educational institutions into 'blocks' on the basis of 

urea o? type of education' offered. It is assumed that investments can be. shared within 'blocks' but 

.not between 'blocks'. Thus, if 'blocks' were defined in terms of urea, it might be possible to use 

excess capacity in a priniary school to overcome a shortage in a secondary school nearby_ The 

appropriateness of this action would be dependent on factors such as the distañce between schools and 

matching of the types of space in surplus and required. The model could only give a preliminary 

indication of the possibilities. .Further detailed analysis woúld be necessary to .indicate whether the 

proposed sharing of space was feasible. 

I/ See, HEP, Educational cost analysis in action - case studies. for 
planners, Vol.1I, pp. 124-125.

2/ Maureen 1Voodhalt, "The use of cost analysis to improve the efficiency 
of school building in England and )Vales" in IIEP, Educational cost analysis 
in action - case studies fo'r planners, Vol. III, p. 159. 

3/ It should be pointed out that the breakdown listed, is only indicative of the 
possibilities. The model can accept either a smaller or larger number of 
components. Use of a smaller number of components would however lessen. 
the advantages of the ESM approach. 
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The approach to estimating space requirements and capital costs is more detailed in SUM 

than in any of the other models. The room area for each type of space is first calculated using a 

linear function. AA + 1311 x class size = room area, where AA and 13B are area coefficients. It is 

thus possible to take into account both area standards for each type of room and, if required, the class 

size. The nunrber'of rooms required takes into account not only the possible number of hours ti 

:room cab be tttilir.ed.during a week, but also the average utilization time for that type'of room. The 

-total area required is then calculated by multiplying the number of rooms required, by the average. 

room area. Surprisingly,.,SOM does not incorporate any loading for replacement of unsuitable rtioms. 

This would seem to be a serious omission us such replacement is a cost of any educational system. 

5. Features of SUM - a simulation model of the educational system  

The inajor Ii•utures of'the St)11 model have been outlined in the previous section, along with those of 

the other three models. It is proposed here to look more carefully at some features of this model, 

with the pr.rpose of assessing its possible application to the Victoria Education Department system. I

The model is made up of four sub-models: 

1, The flow sub-model which calculates pupil flows through the system and incorporates a very 

useful segment which takes into account the possibility of education units which restrict entry. The 

model distributes those unable to obtain entry to the restricted units to other units or to school leavers. 

The resource sub-model which differentiates between direct resources - those directly 

generated by the teaching function - and indirect resources - those resulting from various auxiliary 

functions, such us admihistration and provision of libraries. This sub-model will be dealt with in 

more detail below. 

3. The .teacher-supply sub-model incorporates the factility to use the number of different values 

for policy variables N parameters in the one run of the model, thus enabling this user to explore the 

teacher supply consequences of a range of assumptions. This would prove particularly important in 

long-term planning when labour market forces are' far less predictable Alan they are in the shorter . 

terni. 

4; • The teacher comparison sub-model. „ This calculates the imbalances between supply, as 

indicated in the supply sub-model, and demand, as calculated fór the resource sub-model. The modelsub: 

then . onsiders adjustments possible on both supply and demand. A 

The resource sub-model of SOM distinguishes between direct and indirect resource require-

ments_which have already been defined. The calculations of dirèct resources are of four types: 

(i) physical requirements (teachers, space and equipment); (ii) physical investments (space, eqùip-

nrent); (ill) teacher salaries and other current costs; (iv) capital costs corresponding to the calculated 

physical investments. 1 / 

Any or all of these calculations can be carried out, dependent on the purpose of the study. 

The basic element in calculation of resource requirements is the 'activity'. For the primary school 

the entire curriculum could he the 'activity', while for secondary schools it could be a group of .,ob-

jects such as languages. If it is desired to study the ,upper secondary school in more detail, individual 

1/ SC)Al, op. cit.. p. 50. 
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subjects can be regarded as the 'activity'. For each 'activity' the following input is required tó cal-

culate teacher, space and eqúipment requirements; 

weekly hours or periods 
class size 
proportion of students taking the 'activity' 
utilization ratio of equipment used in the activity (only major items of 
equipment are included) 
current cost of operating the equipment 
ratio of the required teaching hours handled by teachers of each category 
involved in teaching the 'activity' 
weekly teaching obligations 

-, yearly teacher salary 

it is clear that the date requirements are considerable, particularly when estimating the resource 

requirements for a large numher•of 'activities', as would be necessary when dealing with secondary 

education. On the other hand, it is just at this level that the need for detailed information qn 

resources is greatest. Because many resources are usable only'in a limited range of 'activities' 
 a .model which provides estimates of state-wide resource needs is of limited value and is often mis-

leading. Base data .is collected within the Victoria system to provide values for the model, but con-

siderable work is involved in putting this in the form required by the model. The most fruitful 

approach would appear to be to begin with larger units-of 'activities' and to gradually break these down 

as the data it,' analysed and the need is seen for information on a particular 'activity'. Care must be 

taken to see that the model's output is not broken down to such an extent that it becomes.too volu-

minous to analyse adequately.. 

-While the detailed approach adopted in SOM has the advantage of providing decision-makers 

with a detailed analysis of future resource needs which can readily be translated info policy decisions 

on teacher training and recruitment or space investments, it has a basic weakness. This is the trlt-

plicit assumption that the curriculum will remain constant over the planning period, that pupil choice 

of activities will remain constant and that various teacher characteristics will remain constant. • 

These assumptions become more unrealistic as the time span of the planning Period becomes greater. 

SOM is seen :is a long-term (10-20 years) planning 3601. Yet; when used at the level of detail possible,• 

its assumptions of constancy make it more relevant over a span of three,lo five years. Even in the 

short term, while curriculum changes can be anticipated, pupil choièe of 'activities' utid teacher 

characteristics (e. g. weekly• teaching obligations) can change 'rapidly.  

To partially overcome this weakness three strategies are possible. • When SOM is used as 

a long-term planning tool, the level of aggregation should be such as-to avoid the appearance of exces-

.i'.e precision. It is misleading to suggest that we can estimate the number of Forni.6 chemistry 

teachers of Type A on average salary $X, needed in 1985 or 1995. In the long term,' aggregation . 

trust be mtich broader than is'appropriate in the short term.- Secondly, the use of SOM should not 

be regarded as a 'once for all' exercise. The model should be applied and a range of values provided, 

on a regular basis, with the incorporation of new knowledge as to curriculum changes, pupil choices 

and teacher characteristics. The third strategy involves making full use of the simulation facility 

when using SOM. By simulating a range of curriculum possibilities, pupil choices and teacher charac-

teristics, it is possible to provide estimates of resource requirements within a band of possibilities. 

This also involves anticipating changes and building these changes into the simulation. Armitage, 
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in discussing SOM, warns against restricting the number of alternatives explored hi a simulation, 

'model. ", . , it is rare that more than a few alternatives are examined and in displaying alternatives 

to administrators. I have yet to see a report which suggests that the uncertainty is such that these 

alternatives are indistinguishable, "1/ 

A related criticism of SOM is that its assumption) of a constant structure, consisting of 

'boxes' through which pupils flow, is unlikely to be realistic. Similar strategies are necessary to 

overcome this problem, in particular the anticipation of likely structural changes and their incor-

poration in the model. 

The indirect resources section of the resource sub-model has been briefly dealt with in the 

section dealing with the four models. It remains only to outline briefly the data required and the out-

put of the.sub-model. 

For each 'unit' of a particular type of indirect resource (e.g. a library), it is necessary' to 

prop ide the following input: (i)• the area required; (ii) the' annual cost, which inclùdes salaries, 

maintenance costs and costs of non-durable materials; (iii) the capital cost of a new installation. 

The programme then calculates the total number of installations (based on the pupil numbers required 

for such an installation) and corresponding space requirernentp and current osts. By comparing the 

requirements with the base stock, required investments and capital costs can be calculated. 

This approach seems quite valid, in so far as many indirect resources are thought or in this 

way. A library, for example, is provided for each school of a given size. It would be necessary, 

however, .to subdivide libraries into categories dependent on the size of school for Which it is provided.-

The main question raised by this approach is - What does the model do? The information provided 

from outside the inbdel is so detailed as to require '-.+ly some simple arithmetic to provide an answer. 

This section of the resource sub-model appears only to serve the purpose of completing the picture 

of resource needs. 

A generalized model )ike,SOM has characteristics very similar to a toady-made suit. In 

choosing either, one ÿhould consider not only' the quality of the product but also the fit. SOM is a 

good quality product of its type and represents the. most sophisticated generalised model which is 

readily available. In terms of fit there are- a few places where alterations are necessary if it i8 to 

fit the Victoria sjstem satisfactorily. in summary, these shortcomings are:

  the cumbersome  treatment of migration and transfers from the private 
sector in the student flow model 

no allowance'for teachers on leave 
no allowance for replacement of unsuitable accommodation. 

Any alterations can only be carried out by someone conversant with the construction of the model and, 

'with a model laid computer programme s complex as SON, such familiarity cannot be expected until 

plannersand programmers have worked with the model for some time. However, none of these short-

comings is drucial; migration can be incorporated, even though the method is cumbersome; allowances 

for teachers on leave and replacement of unsuitable accommodation can be calculated manually and 

added to the estimates. The alternative of a 'tailor-made''model is attractive bût expensive to 

1/ I. Armitage, "A critical evaluation of SOM and commentson fut.+re 
developments with educational models", in A critical evaluation of SOM,, 
op. cit. , p. 125. 
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de%elop. In addition, the time taken to make such amodel operational is likely to be much greater 

than that required to bring .SOM to this stage. 

Any decision nn implementation of SOM should also be based on a clear understanding of the 

limitations Of all such models. SOM looks at the education system in isolation from its political, 

social and cultural background. Some aspects of these influential factors are implicitly incorporated 

in exogenous variables. Others have to be taken into account by planners and decision-makers when 

proposing -alternatives to btª explored in the model and when assessing the resource needs indicated in

results. 'SOM is not a decision model and can onl' indicate the effects of alternatives proposed by 

decision-makers. Related to the previous points is the fact that SOM does not take into account 

qualitative considerations, except to the extent that these aretenibedded in quantitative alternatives. 

What then can SOM do to improve long-term Qlanning in Victoria? 'It can aid decisin-maker's 

by displaying the effects of alternative policy 'decisions. It ran provide not jtist one deterministic 

view of the future but can show the range of, iossibilities for alternative futures'through its simulation 

facility. Secondly, it is d'esignsd to operate at both the whole system level of aggregation and alsó tó 

allow breakdown into smaller units. In Victoria, such breakdown is important at the regioiul level 

if regional directorates are to develop in the decision-making area. SOM can also provide estimates 

of the resource and cost needs of particular programmes... Programmes could be defined'at'one level 

of aggregation in terms of the existing departmental divisions (primary, secondary, special services, 

etc.). With greater breakdown of data the proiramme could be the teaching of languages in secondary 

schools or the teaching of a particular subject at secondary level. SOM also have provision for break-

down of data according to the socio-economic stattts of pupils. 

The third major benefit from the implementation of SOM is the indirect influence on data 

collection and pláhning within the department. As has been pointed out previously, the data needs of 

SOM are substantial, but not beyond the resources ó? the,department. The data needs of SOAI would 

provide a framework fór data collection and analysis, out of which, should develop an integrated infor-

illation system. The experience of Toronto University is indicative of the possible side, effects of the • 

implementatikn of a cost model. 1/ Introduction of the CAMPUS model led to the need for ur integrated 

information system in order to provide the data,required;by the model. "Organizational consider-

ations about ti a means by which the model could be integrated into the budgetary process of the uni-

versity led to the incorporation of a planning, programming and budgeting system into CAMPUS. 

`Most recently; a fourth component has been added, a •master planning system which uses the model 

as the basic ingredient of the Institution's long-range physical plans. "2/  

There is every 'reason to believe that similar developments would 'flow from the introduction 

of a model such as SOM in Victoria. 

I/ .1. Levipe, R. Judy, R. Wilson, "Comprehensive/analytical methods for 
planning in univet'sityf. systems - planning a new health sciences education 
complex", ih IIEP, Educational cost analysis in action case studies for 
planners, Vol. Ill (IIEP, Paris, 1972) 

2/ Ibid., p. t84• 



II. A RESOURCE-COST MODEL OF THE PRIMARY SCHOOL SYSTEM 
OF THE EDUCATION DEPARTMENT, VIÇTORIA 

1. Purposes of the model 

This model 'is designed as á short-,term planning tool, providing .estimates of the resource require.. 

ments and corresponding costs for alternative resource allocation-decisions over a future period of 

three to five years. It aims to•provide answers to the following types of question: , 

What will be the extra costs of enrolment changes in the next five years? 
What will•be the results, in terms of resource allocation and cost, of 
'population movements, for example, tó growth areas being sponsored 
by the Government? 
What are the likeljr resource needs and corresponding costs of education 
in each of the Regional Directorates?  
What would he the extra resource needs if the average class size was  
reduced from A to B? 
What would be •the.increased costs of (a speci'fiél change in the number of 
non-professional support staff? 

Such question's are only examples of the type of information the.model should be able to provide. 

The model identifies three types of variables, 

1. Policy variables which tire regarded as being within the control of decision-makers during 

the three to five year period. It is assumed that four factors€are controllable: (a) average class'size;1/ 

'(b) the staffing schedule which determines the number of staff to be appointed to a school on the busies 

of the number of pupils in attendance;l/ (c)-the number of specialist teachers., with the constraint that 

these teachers'require training; (d) changes in the number of non-teaching ancillary staff, such as 

typists, teaching aides, nurses. Other factors which could he regarded'a'S policy variables in the 

long term, such as the distribution of pupils by size of school and the distribution of school's by (1w 

number of grades per school, are regarded as non-controllable, in the iihort term. .Salaries are not 

-regarded as policy variables because they are determined by an autonomous wage fixing authority. • 

To the extent that average salaries are dependent on recruitment policies, decision-makeri'have some

control over this factor, but in the short term it is unlikely to be sensitive, to policy decisions. 

2. Exogenous variables which are estimated outside the model... The major, exogenous variables' 

are e'nrolments, average salary and average cost figures and proportion of teaçhers on leave. 

3. Endogenous variables which are produced by the operation of the model. Examples of this 

type of variable are the number of classes and class teachers and other teacher categories, the number 

of schools and thè number of classrooms. 

1/ (a) and (b) do not necessarily represent the same control factors. An 
increase in the nuinber of class teachers would reduce the average class size, 
but a decision to increase the number of scheduled excess teachers, or the 
number of administrators would not. Specialist teachers are also not 
included in the staffing schedule. 
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The following description of the proposed model begins with a brief outline of the variables. 

• included in the model ànd the level of aggregation of each. This is followed by' a description and 

evaluation 'of the methods of estimating resource and expenditure needs. Reference to the diagram 

will clarify the variable breakdown. 

2. Variables used in the model.  

1. The model in its complete form is designed to•differentiate between five sizes of school and 

one type of primary school with post-prim.,ry classes. The six Categories are: 
Size 

1-teacher grade 3 schools (up to 29 pupils) 1 
2-teacher grade 3 schools (30 to 64 pupils) 2 
Grade 2 schools (65 to 224 pupils) 3 
Grade i schools (225 to 499 pupils) , 4 
Special grade schools (500+ pupils) 5 
Primary schools with post-primary classes . 6 

In additión, 'vtiriahles are broken down by educational region. There are 11 educational regions which 

cover the whole State. 

2. Personnel resource requirements are divided into six major categories. There are four' 

categories of 'active teachers!: 

class teachers 
administrators 

- specialist teachers 
excess teachers 

This last category requires some€,explanation. In the future it€is planned to add_teachers to the staff 

of primary schools who will not have direct responsibility for a class. They will be used vAthin the. 

school to relieve class teachers for preparation and act as specialists in areas of competence. These 

teachers will be incorporated in the staffing schedule, but their appointment to a school will not involve 

the provision of an additional room. 

In addition,' there is one category of non-teaching auxiliary staff - clerical assistants, teach-

ing aides, for example. Teachers on long-term leave for whom replacements have hen provided 

represent the sixth personnel category. Costs of emergency teachers to replace teachers on short- • 

term leave have not been incorporated, except under the heading of "other instructional costs". 

3. Çlass teachers are further hreken. down into four categories according to classification. 

The categories in increasing order of experience'and salary are: 

temporary teachers (TT)1/ 
assistants (AS) 
assistants with responsibility (AR) 
senior teachers (ST) 

1/ This category represents teachers who have not received permanent appoint 
ment to the teaching service. They are, in general, fully qualified teachers. 
They differ from the other categories in that they do not have security 'of ten-
ure'and can be employed on a part-time basis. Their salary scale is that of 

^the assistant class. 'It was found when analysing teacher salary data that 
average st laries of temporary teachers were significantly lower than those of 
permanently employed teachers. While this category of teacher does not rep-
resent a very large proportion of. total teachers in primary schools, incorpor-
ation of the category should improve the predictive ability of the model. As 
this is the majot.class teacher category in which part-time teachers are em-
ployed, temporary teacher numbers are expressed in effective full-time (EFT) 
teacher terms in the model. 
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4. Each of the above personnel categories is associated with an average salary figure for the

calculation of total teachers' salaries. 

5. Other Instructional' coats include all direct Instructional expenditure, other than salaries. 

The two items together make up Total instructional costs. 

G. The remaining items of recurrent expenditure are: 

cost of operation and maintefiance
- other recurrent costs. 

The latter item includes central and regional administration, superannuation payments, payroll tax 

and debt charges. 

7. Capital expenditure is broken into expenditure on general classrooms and expenditure on 

specialist rooms. The cost per teaching space incorporates all items of expenditure on the building 

and grounds. Teaching spaces and the correspónding cost per space are classified by size of school 

and region in order to. snake socne allowance for differences in costs associated with these factors. 

3. Description of the model 

(i) Calculation of salary costs 

The model receives as input estimates of pupil numbers for each year of the planning period. The 

numberof class teachers is assumed to depend on enrolments and average Class size. 1/ .As  average

lass siie is assumed to differ Between schools of different sizes and in different regions, pupil and 

teatlier numbers are broken down according to these categories. The number of class teachers re-

quired is subdivided into forts classifications of teachers according to the proportion in each classifi-

cation. The proportion of teachers in each classification is regarded as a policy variable because 

ch.niges to the staffing schedule can change these proportions. Full implementation of a changed

staffing schedule generally takes a number of years, but could be achieved within the three to five 

year planning period for which the model is designed. Each teacher classification is associated with 

can average salary figure from,which ills possible to estimate total salaries of class teachers. It can 

be seen that•by altering the two policy variables it is possible to demonstrate to decision-makers the 

effects orthese•changes on demand for class teachers and the cost óf their salaries. As enrolment 

estimates must be regarded as being accurate only within'a range of upper and lower limits, it is also 

possible to' indicate the teacher demand and teacher cost range which cq,n be expected, by running the 

model with upper, medium and lower enrolment projection assumptions. 

t'§e of'ayerage salary figures, by size/type of school and teacher classification, does not 

necessarily take into account changes in the structure óf the teaching force over time. As ('hesswas 

points out: "There are two particularly influential factors.of change to be watched: (a) the proportions 

of the total teaching forte who helong'to each category, and (b) the proportions of each category on the 

various points of the salary scale. "2/ 

1/ Use of 'class size' or the term 'class' does not imply the assumption that 
pupils will necessarily be taught by one teacher, in a separate class. Other 
forms of organization such as team teaching or open classrooms 'require a 
number of teachers and'group of pupils. Division of teachers into pupil 
numbers will give the equivalent of a 'class'. 
2/ J. Chesswas, "Factors influencing change in teachers' basic salaries" in 
IIEI', Educational coat analysis in action. case studies for planners, Vol. I. p. W.. 
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The present model assumes that  the first of these proportions can be influenced by policy 

decisions over the plan period. Changes in resignation pattern, age distribution and promotion eon-

ditions will very likely lead to changes in (b), and possibly in both factors, even without policy changes. 

The method used by Ta Ngoc C.1/ to partially overcome this problem was briefly outlined in Orb previous 

section. Another approach is through the introduction of a teacher supply model. The present model 

indicates only the demand for teachers, size of school in which they will bee required and the regions 

in which they will be located. Average salary of class teachers is likely to be us much dependent on 

the sùpply of teachers as on the demand. The teacher supply model would tulée as input the níunber 

of teachers demanded, by sive of school anti region. It would compare this with the present stock of 

teachers, correctedfor resignations, deaths, retirements, and promotion, plus movements to adminis-

trative, specialist teacher, study leave or long-term leave positions. The difference between demand 

and supply would be made up of new entrants from colleges and employment of persons from outside 

the teaching service. The supply model could thus provide a breakdown of teachers by average salary

distribution which w•otrld,take into account the changes in average salary resulting from changes in 

resignation pattern; age distribution Rnd the effects of prómotion. This average salary figùre cold 

then be input to th'e teacher demand model at the average salary point. 2 

The equations expressing the' above' relationships are set out below, without subscripts indicat-

ing the breakdown by size of school and region. They are expresse both in English and in symbolic 

form. The fully subscripted equations, together with a list of variable symbols, will be found in the 

Appendix. 

Equations for calculation of class teacher salaries: 

(l) C = E /a 

Tile number of classes (C), and h'ence the number of class teachers, 3/ 
is equal to entolnient (E) divided by the average class siie (a). 

(2) CS = C (pAS. as + pAR. ar + pST. st + pTT. tt) 

Total class teacher salariek (CS) equals the number of class teachers (C),''• 
multiplied by the proportion of each type of teacher (e. g. pAS), multi-

,- plied by the average Salary of :each type of teacher (e. g..as), i.e. -the 
weighted average of class teacher salaries. 

For the calculation rof professional support staff (administrators, specialist teachers and excess 

teachers) and non-teaching auxiliary staff such as clerical staff and teaching aides, a differeirt approach 

is adopted. The number of schools is estiitiated from the number of classes, divided by the weighted 

average n' mhér of classes per school. Schools are subdivided liy size and region. The numbers 

of professional and non-professional support staff per school are regarded us policy variables. 'l'he 

number of administrators and 'excess teachers per school can be changed by alterations to the staffing 

I( Demographic model, op. cit., pp, 298-299. 

2/ An assumption implicit in this approach is that methods of obtaining 
-supply of teachers will remain constant ever the plan period. 1 am indebted 
to Ta Ngoc Chau for this point. 

3/ In Victoria, Oimary teachers are responsible for a class for the full 
week. Modification would be necessary to apply the model to secondary 
education where teachers work a set number of periods, but are expected 
to be present at the school for the whole week. 
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schedule. The number of'specialist teachers per school is also within the control of decision-makers, 

but supply factors and the availability of spaée are constraints in the short term; In a similar way, 

the number of non-teaching auxiliary staff is also within the control of decision-makers. The con: 
 

straints on decision-makers here will vary, ac c rding tó, the type of auxiliary staff concerned.. 

Provision of teaching aides, for example, involves, at present, little or no training and very little 

space -*the constraint is mainly a financial one. Appointment of school nurses, on the other hand, 

would involve the provision of space and equipment and possibly transport. 

1t3ii.le tiîe number of each type of support staff per school is regarded as a policy variable, 

it is no suggested that the policy is formed only within the context of.resource and cost considerations.. 

such decisions are a complex of educational,. social, political and resource allocation decisions. The 

only.eontribution made by the model is to illustrate the direct resource and cost consequences of 

alternative decisions on thr level and type of support staff. Even in this limite area, the model 

indicates only the consequences in ternis of numbers and salary and, in the case of speèialist teachers, 

the additional costs of ópt atioh and maintenance and capital expenditure. As was indicated in the 

extmipleof increased numbers of school nurses, these appointments may have additional cost imp7i-

cations through the provision of,space, equipment or transport. Thus the model does not replace 

detailed costing, and, makes only a limited contribution to resource allocation decisions. 

Having established the numbers of support staff required, these are multiplied by average 

salary flpures to obtain the total salary bilrfor each category of supp,ort staff: In the case of údntinis-

trators, average salary is assumed to be related to school size, so different average salary figures 

are used for'each size of school. In the case of the other three categories of support staff, salaries 

are assumed tobe independent of schoolcsize 1/ and a single average salary figure is used for each 

category. All average salary figures, including those for class teachers are assumed to be indepen-

dent of location of the school; so no breakdown of average salary by region is attempted. Each of 

the above assumptions would need to be tested by analysis of salary differences in terms of st ir of 

school and region' ' The resultt; of ditch analysis could he incorporated in the model at a later date. 

Tile previous discussion on the use of a teacher supply sub-model to provide average salary figures

applies also to average salaries of professional support staff. 

eachers on long-term paid leave are incorporated in the model by introducing u weighting 

coefficient dependent on the proportion of.total teachers on leave. 

Equatíons for calculation of support staff salaries: 

(3) S'= C/b 

The number of schools.(S) is equal to the núrnber of clashes (C) divided 
by the weighted average number of classes per school (b). 

(4 (a) DS = S. d. da 

Total salaries of administrators (DS) is equal to the number of 
schpols (til by the number of adritinistrators per school (d) by the 
average salary of administrators (ds). 

(b) FS = S. f. fs (Total salaries of specialist teachers). 

1 / The'nunibers of each èategor,' of support staff per school is, of course, 
ö • related to the size of school. This factor is taken into account in the cai-

culations of the numbers of support staff per school. 
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(c) CS = S, g. gs .(Total salariei of excess teachers) 

(5) TS= (CS +;DS+F'S+.0S)(1+•q) • 

Total teacher salaries (TS) are equal to the sum of the salaries of class 
teachers (CS); administrators (DS), • specialist teachers (FS) and excess 
teachers (GS), multiplied by a loading factor to allow for the proportion 
of teachers on leave (1 + q).  

(6) IIS = S. h. hs 

Total salaries of non-teaching auxiliary staff (HS) are equal to the num-
ber of schools (S), multiplied by the number of auxiliary staff per school 
(h), by the average salary of au.:iliá •y staff (hs). 

(ii) Calculation of other instructional costs 

This item is assumed to vary in proportion to•the number of pupils in the system. These items rep-

 resent only six to seven per cent of total instructional costs the; only significant item being cost of 

pupil transport. 

(i) K = E. k 

S Other instructional costs are equal to enrolment (E), multiplied by other 
instructional costs per pupil (k). , 

 
(8) I = TS + HS + K 

Total instructional costs are equal to the' sum of-teachers salaries (TS), 
auxiliary staff salaries (HS) and other instructional costs (K). 

(iii) Operation and maintenance 

The unit used for calculation of this item is the teaching space, Refined as general classrooms and 

specialist rooms. Adoption of this unit rather than the Eiupil is )?ased on the assumption that costs 

for operation and maintenance will vary more directly with .the number of classroom than with the 

number of pupils. 1/ A .very small school of 15'pupils, for example, requires a ctassroorn of much

the sume size as does a class of 30 pupit.4. If operation and maintenance costs are based on pupil

nuniber , the small school would be regarded as only half as expensiN e to operate and maintain. 

Apart from possible differences in wear and tear, there appears no valid :•eason for accepting this. 

It could be argued that circulation and office space requirements are greater per pupil in large schools 

and that this justifies the use of. per pupil figures rather than 'per teaching spice' figures which must 

incorporate ancillary spaces in the cost per classroom. Based on United Kir gdom experience, 

Maureen Woodhall. wrote: "Small schools typically require a larger area per pupil than large schools, 

because certain, minimum administrative, assembly and circulation areas 'are required irrespective 

of the number oPpupiis."// 

Although. based on a very small sample of schools, this statement would .appeal. reasonuble 

and to provide some justification for the approach adopted in the mccl':. It iF, at 1..3f t, a rough 

1/ The 'square metre' would be a hotter unit, but this data is not uvailahle 
at present. 

2/ ICI. Woodhull, op. cit. , r.. 159. 
See also OECD, Development and economy in c .1.,cational buildin~(l'ari.,, 
OECD, 1968), jar.70, p.41, which makes a srm:tar poi it in relation to 
Spanish schools. 
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'approximation to.the factors influencing building operation and maintenance. Further analysis is 

needed and new data is required if a suitable apprhach to this item is to be found. 

(9) M = m (CR + FR) a ti• 

Total maintenance and operation costs are equal to the sum of class-
rooms (CR) and specialist rooms (FR), multiplied by the cost of main-
tenance per teaching, space (m). 

(Iv) Other .recurrent costa

Costs of centralarid regional administration and fixed charges are incl uded in' this item. 'These costs 

are expressed per pupil and total costs estirnated from7ttri Here again, further work is needed on

the relation between enrolnient increase and cost of these items. It seems likely that administration 

does not increase in proportion to enrolment increpe, Ffxed costs include three major items, each, 

of which is likely to be dependent on different facigrs. Superannuation payments are related to the • 

number of teachers in home previous period in a quite complicated way. These are paynients niiide — 

by the Victoria'Govevnment as its contribution to the pension ofretired=eeaçhers: • Edding I/ suggests 

that this amnt should be added tsalaries'of  teacliers but this does not help whèn. the aim is to esti-

mate future costa. The projected amount of superannuation payments would have tQ be separately • 

esjin►ated using data on age, life expectangy and average salary. Payroll tax, as a percentage'of 

total salaries, is directly related to teacher numbers and salaries. Debt charges which is by far 

the largest item, is related to past capitaLexpenditure. Each element in the cost item could 1,)e 

separately estimated using the unit 'appropriate to it. Such a breakdown could fairly readily be incor-

porated in the model if it was considered necessary. 'For short-term•planning with the major aim of 

assessing the cost and resource consequences of alternative policy decisions, detailed analysis of 

this item is probably not justified. 

Calculation of other recurrent costs: 

(1.0) R = E•. r 

Other recurrent costs (R) are equal to the product'of enrolment (E) and 
other recurrent costs per pupil (r)' 

(v) Capital costs 

These are calculated on the basis of the estimated number•of classrooms and speçial purpose rooms 

required, compared with the present stock of rooms. The number of new rooms to be built is the 

difference between present stock and required rooms,'plus a loading for replacement of existing rooms

These room are classified by size of school and region as-are the corresponding.cost per teaching • 

space figures. Clasÿsification by size of school will make some allowance for differences between 

schools in the amount of space required for circulation; office and amenities spaçe. The breakdown 

by region will provide some information on where classrooms are needed. and some basis' for explot'-

ation of the possibilities of alternative uses for excess capacity. The;númbe.r of classrooms and 

special purpose rooms needed are multiplied by separate  cost perclassroom and cost per special 

purpose room to give a total capital expenditure figure. 

1/ Friedrich Edding, Methods of analysing educational outl's (Paris,' 
Unesco, 1966), pp. l'P 18. 
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Strictly speaking, the capital expenditure figure arrived at does not relate to the same time 

period as recurrent expenditure. ,Resource needs, and hence costs, relate to the situation at the 

beginning of each school year. As ádditional spáce would need to be available by then, part ut least 

of expenditure would he made in the previous financial year. while planning-for the new facilities would 

need to begin 18 to 24 months before the year for which the space was required. The im¡tortance of 

his time factor !Naiad depend on the purpose-for which the model was being used. If the purpose was 

to aid in budget planning, this time difference would be important; if the purpose was to explore the 

consequences of alternative resource allocatjons, it would be less important. There cduld be advant-

ages in developing a separate capital..expendlture model which took its input from the resource model 

estimates two to three years 'in'the futiire. 

'4. The problems involved in widening the model to incorporate  
other levels of education 

If the mod€1 •was to be widóned to incorporate•'secoridary-level education, a number of additional factors 

would need to be taken into account., In summary these factors are: 

the different cost structures dependent on form level, sex and subject 
the range of teacher qualifications  
the range of teaching spaces to be provided 
the need to incorporate a room utilizàtion factor and a pupil-station (desk 
or chair) utilisation factor. 

In addition, a•greater breakdown of resource 'categories would be necessary. For example,.instead 

of a single class teacher figure, teachers need to be classified according to the activity they teach and' 

the form levels at which they are teaching. Finally, there is the matter of timing which becomes 

important wlien considering secondary education in Victoria. The model is designed to explain the 

position at the beginning of each school year, in February. Enrolment projections are now mude at 

tie census date (August). In the primary school no significant error is likely to he introdúcëd Íiÿ 

this time differenge, but at .the secondary level we can expect 5,000 to,8, 000 fewer pupils in August. 

This loss of pupils is particularly pronounced in the upper forms of the secondary school. The effect

on resource needs is, however, likely to be marginal as the loss represents only about two to three 

percent of secondary enrolments, spread over the whole State. But note that the percentage at the 

higher levels is well in excess of this. Importance is dependent on whether loss,of pupils results in 

lower resource requirements - for example would classes be,amalgamated? 

5'. The prohi'ees involved in widening the model to provide a more -
complete model of the Victoria education system 

Two addition it sub-models could be'inebi~porateä in'the, slj rt.term. The present student enrolment

model projects enrolments'for period often years. Enrolments..are broken down by age, form 

level and sex. If this model were incorporated it would need to be developed in two ways. A break- '

down by region would be necessary. 	This deve lopmeñt is already planned and the data is available. 

In addition, it would be valuable to provide,a range, of projected enrolments based on low, medium 

'and high population increase assumptions. The model could then translate these enrolment estiiliates 

into resource requirements based on different enrolment assumptions. 
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The teacher` supply area is also well developed, with estimates being provided'for th`h next 

ten years. The value of incorporating this sub-model in order to estimate future average salary 

figures has already been commented upon. The basic structure •of such a sub-model is already in 

existence and the data is available.  

In the long term two other sub-models would be extremély useful. The first of these is a 

sub-model of the private education system. This system, which provides education for 25 percent 

of all pupils in the State, impinges on the State system in a number of ways. Changes in policy by 

this sector and changes in government policy in relation to the private sector influence the government 

education sector. An attempt should also be made to incorporate relationships between economic' 

and social factors, on the one hand, and the Victoria Government education system on the other. 

Such a model could be used to explore such factors as the influence of economic factors on retention 

rátés in the higher forms of secondary schools, and the influence of the socio-economic status of 

parents on retention rates in secondary schools. 

It is worth noting here the warning issued by Alper 1[w; to the dangers inherent in combining 

sub-models into a single system. He stresses the twin concepts of 'controllability' and 'observability' 

and comments: "Loosely speaking, in an educational planning context, controllability would refer to 

the ability of the decision-maker to steer the system from any state to any tither in à finite time while, 

observability would refer to the decision-maker's ability to ascertain the behaviour of the states from 

the measurement of the system's output. Since the steering of the overall system and the ascertaining 

of its behaviour are fundamental to the desires of the decision-maker, it becomes apparent that very 

great heed must be taken regarding the controllability and observability of the overall system. Because, 

sub-systems which are each controllable and Observable may produce a non-controllable and non-

observable overall system, particular care is. required in the combining of these sub-systems." 

6. The model in use 

An attempt was made to verify the model by using 1974 data in a limited pilot run. Taking actual 

1974 enrolments in each region and size of school, the equations of the model were manually solved 

to estimate total salaries of class teachers, administrators and,specialist teachers. The results of 

such limited trial run can do no nibre than give a broad indication of how the mpdel might perform 

ire a real planning situation. It did however .point out a number of factors which were not given suffi-

cient consideration in the original formulation'of the model. In addition, a number of improvements 

tó the model were suggested. by the trial run. 2/ 

'The equation which estimates the number of classes and hence class teachers gave good 

results for the smaller schools. The number of classes in special class schools (enrolment more 

1/ P. Alper, "SOM and control theory" in A critical examination of SOM, 
op. cit. , pp. 90-91. 

2/ It is recognized that the fairly detailed considerations dealt with in this 
section could prove confusing io readers unfamiliar with the Victoria system. 
It is included because it illustrates the complexity which is no doubt part of 
every education system and which is so often overlooked in model 
construction. 
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than 500 ptpils) was, however, underestimated by approximately 2.5 per cent. One factor. contribut-

ing to this would be the wide spread of enrolments within the size category. Schools range in size 

from 500 to 1,000 pupils and it seems likely 'that average class size will differ within thin wide range. 

One solution would be to use a lar4er.number of size categories, on the assumption that each category 

would represent a more homogeneous group.. This,would be a satisfactory solution, :provided the size 

categories ço Id be combined to make groupings corresponding with the department's size groupings 

which are used ¿ r staffing purposes. • If this' is not achieved, the, practical application of the model's 

results is unlikely. Another'approagh which,was tried' wag to compute the regression function of the 

relationship between the number of classes and enrolments in spécial class schools., This was done 

:for a sample of special class schools,and the following regression function was computed: 

C = 0, 03 E - 0.004 
where C = number of classes 

E = enrolment. 

'•Tht' standard error of estimate•was 0.98. 

Use of this equation would enable the calculation of confidence bands for tie predicted values 

of the number of classes: Although the predicted number of classes for each region are identical by 

the two methods, the estimates of confidence bands possible when'the regression function is used 

would make this approach preferable. In future developments of the model both suggested approaches -

the use of smaller size groupings and regression fun6tion - will be adopted. 

The s'econd major improvement suggested by the trial run was in the area of teacher salaries.' 

Additional data lies recently become available which, gives the number of teachers in each 'salary sub-

division. In the lowestY(assistant) class this represents 14 salary subdivisions which could be used 

in preference to the weighted average salary for the class. Such a breakdown would be impractical , 

to operate manually but would be feasible for computer operation. It is however debatable whether  Such a detailed breakdown is warranted unless a teacher supply- model is used to provide data on the

'future sources, ages and retirement characteristics of, teachers. Without the teacher supply model 

it would be necessary to proceed on the assumption that the distribution of teachers over the 14 sub- c 

divisions of ,the assistant class.would remain constant over the planning period - a far more tenuous' 

assumption than the present one that the distribution of teachers between the four major classification 

groups will remain constant for this time. The situation where changes within major teacher cate-

gories take place over time is just the one the teacher supply model would be designed to meet. 

Another factor which complicates the calculation of total salaries of class teachers is the pay-

ments of allowances to certain categories of teachers. The most important of these are responsibility 

allowances (currently £1, 000) and head teacher allowances (currently £395 and £525) paid to teachers 

in the assistant class. The present "form of the model has assistants with responsibility as a separate 

teacher category with the responsibility allowance incorporated in average salary. The simplest 

approach to the incorporation of allowances for head teachers of small schools is that adopted in the. 

model at present, where these allowances are incorporated in average salaries of 'AS and AR teachers. 

It seems likely that this approach will overstate teacher salary costs of the two largest sizes of school 

categories and understate these costs in the smaller schools. This occurs because head teacher 

allowances, which are costs of running small schools, are incorporated in the average salaries of all 
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teachers in the assistant class, whether they teach in small schools or large schools. A better 

approach would be to attach head teacher allowances to schools of the appropriate size category. 

What this means in practice is that the category administrators would incorporate both full-

time administrators and part-time administrators. For special class and class 1 schools, total 
A 

administrators wotild include principals and vice-principals without responsibility for class teaching. 

'Average salary would be th 'full salary for these persons. For the remaining school size categories, 

total administrators would include all teachers receiving head teacher allowaifceè, but the average 

'salary' would represent only the allowance. The base salary would be calculated in the AS and AR 

class teacher categories. This approach would have two advantages: (i) the'true cost of administering' 

each size of school could be isolated. (ii) administration costs in small schools Would not be incor-

porated in. the costs of larger schools. 

Some consideration has also been given towhys the section•of the model dealing with class-

room needs could be improved. Data availability. remains a problem, but data on the present stock,

on a classroom area per pupil basis, is available. This data could be tabulated by size of school and 

region. For new and replacement schools the model needs to incorporate norms of classroom urea 

per pupil, plus a loading for other non-teaching spaces such as circulation, staff rooms, offict ~. 

These norms would need to be established on a size of school basis. Specialist teaching space pro-. 

vision could probably best be incorporated on the basis of area norms based on size of school. It 

also appears that insufficient attention has been given to the costs of furniture, equipment and land 

. costs. At present these are assumed to be incorporated in total building costs, but if, .as was suggested 

earlier, a separate capital expenditure model was developed, it would be important to incorporate these 

items separately. This is necessary because of the time'differences between costs incurred for Tand, 

buildings, furniture and equipment. 

Two other shortcomings of the present form of the model have become evident from efforts 

made to operate the model and assess its relevance to the planning needs of the departniènt.' Both
concern its relation' to departmental budgeting. 

Although expenditure, headings are those used for reporting educatión'department expenditure 

and these are in turn based on expenditure gategories used for treasury budget estimates, the model is 

~not at present readily adaptable for budget planning. This is illustrated in the calculation of total 

teacher. salaries. I'he model estimates the number of teachers and salary costs for all teachers work-

ing in the schools plus those who are on long-term leave. A number of other teachers who are part 

of the primary teaching strength but not in schools will be included under other instructional costs, 

although the model will give no estimate of'their numbers. There are, in addition, primary teachers 

working in other programtnes of the system' who are nevertheless costed under the primary programme

for budget purposes. This means that the model will underestimate total primary teacher salaries 

compareä'with\budget estimates.' This will limit the value of the.model for budgeting purposes. The • 

most satisfactory solution would be for budgeting to be undertaken on a programme basis rather than 

on the basis of the section of the teaching service to which the teacher belongs. -

The second facto'r which limits the value of the model as'á budget-planning tool is the timing 

of the basis of costs. Resources are calculated as at the beginning of the school year (Februarÿ ). 

The costs calculated by the model are thus for the calendar year while budgeting is based on the 
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financial year which ends on 30 June. This problem is not insurmountable but would involve taking 

the final six months of one year and the first six months of the following year. A more difficult prob-

letn of timing cost, estimates is that previously mentioned in relation to capital costs, some of which 

are incurred in the years preceding that in which the model estimates them. . Both of these problems 

have implications beyond the lirnitsdof control of'the model maker. Their solution would involve far-

reaching policy changes on budgeting procedures. In'its,present form the model could operate only 

as a broad indicator for budget purposes. - It could still operate effectively to illustrate the resource 

and cost implications pf alternative policy decisions. 

7. Criticisms Qf'the Victoria model

Earlier sections have indicated some possible developments of the present model, but it must be. 

judged now in terms of whether it achieves its present limited aims. ,lt aims to provide information 

only on resources and costs; it deals only with the quantitative aspects of resource allocation decisions 

and takes no explicit heed of qualitative considerations'; it does not provide an optimum solution to any 

resourc..: allocation question; it is based on assumptions which have yet to be verified; it is, finally, 

specifically designed to answer the type pf queétion which arises in short-term planning. • Many of 

these limitations are common to the, models reviewed in Section 1 of this paper, but work on the

Victoria model raises four additional questions which will be briefly dealt with below. They will, 

Inevitably, remain as questions - answers must wait on a full-scale' application study of the model. 

The first question is concerned with the value of constructing a model based on assumptions 

rather than on detailed analysis of the relationships between variables. This is of course a criticism

which •can be levelled at ariy simulation model', but one which confuses the mathematical model applic-

able when the system is relatively simple and its relationships well understood, and the simulation 

model which enables the user to explore the relationships and identify those which warrant' detailed 

analysis, in a system which is both complex and çhanging... Cutt explains the features of simulation

thus: "In essence, simulation relates to the structure Of a system rather than to its formal relation- • 

ships, serves to explore 'the consequences of awide range of assumptions about that system structure, 

and, may thus be •seen as the beginning of theory rather than the application of a completed body of 

theory. "1/ 

,The attempt to construct a model which could operate as a short-term planning tool, high-

lights the question of the applicability of such a model to the problems of short-term planning. If 

use is made of the simulation facility, the model can provide á range of results to illustrate the effects 

of,alternative resource allocation decisions. While this is valuable, it seems likely that decision-

makers will require optimum solutions to many short-term planning questions. A development para-

lelling that of model application should therefore be the exploration of optimization techniques. There , 

is, of course, no reason why both simulation and optimization should not be used on the same problem -

simulation indicating the possibilities and optimization techniques providing.a final answer. 

1/ James Cott, Programme budgeting and higher education (Canberra,
-Australian National University; 1972), Department of Accounting and Public 
Finance, Public Finance monograph. No. 1, p. 37. 
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With' a number of generalized models available, .the question of the value of a, 'tailor made' 

model for the Victoria system is inevitably raised. The present model would be expensive to make 

operational and would remain much simpler than SOM, for example, until experience was gained in 

its use. Construction of the model has, however, highlighted the peculiarities of the Victoria system 

which can be incorporated in a model specific to the system. While all education systems have the 

same broad features, the derailed structure of each system is likely to be unique to that system. If 

a model is to go further than broad generalization in prediction and if model results are to be an integral 

part of planning the following characteristics would appear to be at least desirable. The model should: 

(a) Reflect crucial features of the real system. The tendency is to add more and more detail 

to the model until its complexity approaches that of the system itself. Even if such a model can be 

operated, the difficulties of interpreting the output will' limit its application. Isolation of the crucial 

features can be, in itself, a valuable side effect of model development. In analysing data on average 

class size, for example, it was found that while significant differences in class size exist between 

schools Of each size,' average class size does not appear to vary significantly between regions. , This 

finding suggests that the model would have the same predictive power if average class, size was calcu-

lated only for each size of school. In a system with decentralized staffing of schools, however, 

location of school could well be a crucial factor in class site. 

(b) Be related to structures within which decision-makers Operate. This means, for example, 

that resource categories for which the model provides predicted values must be those about which 

decision-makers make decisions. These categories will vary from system to system. It means 

also that the organizational structure of the system needs to be reflected in the model through, for 

example, the breakdown according to programme and the choice of regional units. • 

(c) Present results in a form which facilitates 'steering' of the system. This characteristic 

is closely related to the previous two. Unless the model pinpoints those variables which decision-

makers can control and which are crucial to the operation of the system it will not be an effective 

planning. tool. While it is possible to isolate those variables which are generally within the control 

of d'ecisiorí-makers, factors such as the time needed to effect change, control which is exercised by 

more than one decision-maker and the extent of decentralization of decision making will vary from 

system to system. A model which does not fully reflect both the opportunities of and constraints on 

decision-makers in steering the particular system can be of only limited value. 	

This Its not to say that generalized models have' no place in educational planning. The general-

ized models reviewed in Section I were designed to be as flexible as possible. They offer a quick and 

relatively inexpensive entry to model use, but, as the demands on the model are increased, the model 

will need to be substantially.adapted or a new model made. By this time considerable experience will 

have been gained in the use of models. 

Stress has already been laid on the fact that models of this type are essentially computational 

tools. While this should be kept in mind, the side effects of the development of such a tool are sub-

stantial. The model should act as a guide to systematic data collection and should lead to more effec-

tive use of available data. Through its emphasis on the needs of decision-makers the model provides 

a planning orientation to data collection and analysis. Decision-makers require more than an infor-

mation service. The model helps to ensure that data is provided in a form which emphasizes thee, 

possible alternative decisions. 
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8. Conclusion 

Section I concluded with a comment witch was meant to suggest that, despite its limitations, SOM 

Eould be a valuable tool in the context of Victoria's long-term planning needs. A similar conclusion 

is, I think, warranted in relation to the Victoria model and to models of the "education system in 

general.' Provided that the limitations of such models are remembered, there is no reason why they 

shduld not Ike included, _along with other planning tools, among .the techniques used to display to 

decision-makers the likely effects of alternative decisions. 
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LIST OF VARIABLES AND SYMBOLS 

Policy variables     Symbol 

Average class size   a
Proportion of class teachers in each classification   p
Number of administrators pér school   d
Number of specialist teachers per school   f
,Number of scheduled exgess teachers per school   g
Number of non-teaching auxiliary staff per school    h

Endogenous variables 

Number of classes C 
Number of classrooms CR 
Number of schools S 
Number of specialist rooms FIt 
Number of assistant class teachers AS 
Number of assistant class teachers with responsibility Aïl 
Number of senior teacher class teachers 'ST 
Number of temporary teachers . TT 
Number of administrators D 
Number of specialist teachers F 
Number of scheduled excess teachers 	G 
Number of non-teaching auxiliary staff ÎI 
Total salaries of class teachers 	CS, 
Total salaries 'of. administrators 1)S 
Total salaries of specialist teachers le 5 
Total salaries of scheduled excess teachers- GS 
Total teacher salaries TS 
Total salaries of non-teaching auxiliary staff HS
Total other instructional costs K 
Total instructional costs 1 
Total other recurrent costs R 
Building operation and, maintenance cost 	 Iv1 
Capital cost X 
Total costs of education   T

Exogenous variables 

Enrolment 	 E 
Average number of classes per school 	 h 
Other' instructional .costs pér pupil , 	 	k 
Other recurrent costs per pupil 	 r 
Number of new classrooms to be built 	 C'N 
Cott per classroom 	 •u 
Number of new special purpose rooms to be built 	 F N 
Cost per special purpose room 	 w 
Average salary of assistant class teachers . 	 us 
Average salary of assistant with responsibility teachers 	 ar 
Average salary of senior teacher class teachers' 	 st 
Average salary of tempor . ry, teachers 	 tt
Average salary of administrators	 ds 
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Symbol 

Average salary of specialist teachers fs 
Average salary of scheduled excesS3 WWache.rs gs 
Average salary of non-teaching auxiliary staff hs 
Cost per room of building bperaApn and maintenance 'u 

Loading factors 

Proportion of teachers on leave q 
Proportion óf classrooms to be replaced    t
Prdportion of special purpose rooms to be replaced V

Level of aggregation 

Variables are broken down by - Size of school = i (1 6) 
Region j (1 11) 



Appendixes 

Appendix 13 

EQUATIONS OF THE VICTORIA MODEL 

(1) C. = E/a 

The number of classes, and hence the'number of class teachers, is equal to enrolment 
divided by the average class size: . 

(2), ' CS = C (pAS. se + pAR. ar + ST . + pTT. tt) 

Total class teacher salaries, equals the number of class teachers (c) multiplied by- the 
weighted average of class teacher salaries, i. e. the proportion of each classification of 
teacher multiplied by the average salary of each classification of teacher. 

(3) •S = C/b 

The number of schools is equal to the number óf classes divided by the weighted average 
number of classes per school. 

(4)(4a) DS = S. d. js 

Total salariés of administrators are equal to the number of schools by the number (IC 
administrators per school by average salary of administrators. 

(4b) FS = S. f. fs (specialist teachers) 

(4c) GS = S. g. gs (scheduled excess teachers) 

(5) TS = (CS + DS +, FS + GS) (1 + q) 

Total teacher Ba1aries are equal to the sum of the salaries of class teachers, administrators, 
specialist teachers and excess teachers, multiplied by a loading factor to allow for the pro-
portion of teachers on leave. 

(6) HS = S. h. hs 

Total'sálaries of non-teaching auxiliary staff are equal to the numbér of schools, multiplied 
by•the number of auxiliary staff per school, by the average salary of auxiliary staff. 

(7), K = E. lc. 

Other instructional costa'are equal to enrolment, multiplied by other instructional costs per 
pupil. 

(B) I - T. S. +'tí. S. • + K. 

Total instructional costs are equal to the sum of teachers salaries, auxiliary staff salaries 
and other ihstructiorial costs. 

(9) M = m (CR'+ FR)' 

Total maintenance costs are equal to the sum of classrooms and specialist rooms, multiplied 
by cost of maintenance per teáchirig space. 

R = E. r 

Other recurrent costs are equal to the product  of enrolment and other recurrent costs per pupil. 

(11) X = (CN. u) (1 + t) + (FN. w)'(1 +.t)

Tota• l c_ipjta) posts are equal to. the riumber'of new classrooms to be built by the cost per
classroorü multiplied by a loading for classrooms to be replaced. To this is added the number 
of specialis). rooms by the Cost per ?born,. again multiplied by a loading for specialist rooms 
to be replaced. 

(12) T=X+M+I+R 

Total poste of education equals capital costs plus cost of building Operation and maintenance , . 
plus instructional costs plus other recurrent costs: 



Appendixes 

Appendix C 

(4)(4a) 

(1) C = E (i = 1 6) (j = 1 ,11)
iJ ijiaij ,_ 

The number of classes in the ith size of school in the jth region (Cij). is (equal to enrolment 

ith
in the size of school in the jth region (Eij) divid@d by the average class size in tle Ith size 

of school and jth region W ). O 

NOTE. In all other equations, the subscripts have the same •meaning und the basic equations 
are identical with those in Appendix B. 

r 
(2) CSij = Cij.(ASii. us + ARij. ar +' STij. st +'TTí~. tt)

(3) S..='C.C„,
1J 

(4)(4a) DSij =S'..,dij. dsij 

(4b) FS.. = S... f... fs..1J o 13 .13 13 

(4c) , .GSij= Sí j. gíj gsíj 

(fi) TSij;(CS + DS. + FS. + GSíj) (1 + q)• ij 

(5a) 
'I'S.. .,•: 6¡ cs.. +,1_, Ds.. + ~ Fs.. + iGs.. (1 + q)

1J 1J .1J 1Ji=1 •=1 i=1 i=l 1=1 1J~ 

.Total teachor salaries totalled by •region „ 

(5h) 
Vs ' TSij CSij + 1 fSSij+ £ FSij+V GSij) (1 + q) .
j=1 j=1 j=1 j=1 j=1 

Total teacher salaries •totalled by •size'of school 

(5c) £
( TS.. _ £ cs .+~ . DS .+ i. £ F +‹£ GSijl (l + q)

lj1=1 j=1•. • i=1 j=1 íJ 1=1 j=1 iJ i=1 j=1 Ji'=1 j=1 

Total teacher salaries for all sizes of schools in all regions. 

NOTE. Each of the following values can also be su. mmed.for each size of school, for each 
region and for all sizes in all regions. 

(61''~ HS.. = S... h..: hs.. 
13 ' 1J 1J 1J 

(7) K.. = E... k
1J 1J 

(8)' I.. =TS.. +II:S..+K.. 
1J 1J 1J ~J 

(9) ltt~=m(CR..+112..) 
lj 13 1J 

SUBSCRIPTED EQUATIONS OF THE VICTORIA MODEL 



Appendixes 

(10) Ri~ = E••i~. r 

(1 1) X1~ _ (CNí . u) (1 + t) +%1?Ni • w) (1 + v) 

(1?) T =X +M +1 + 
O ii ii Rii 



OCCASIONAL PAPER No.39 makes a fairly detailed examination 
of four separate models of the educational systém (one of them 
developed for the Norwegian system and the others„ respectively, 
by O. E.C. D. , Unesco, and the I.I.E. P.) and then attempts to 
apply the lessons of this examination to constructing model of 
primary education in Victoria, Australia. 

FRANK CHARLTON (Australia) wrote this paper during his 
Visiting Fellowship to the IIEP in September and October•1974. 
Mr. Charlton is a Statistics Officer (Analysis) with the Education 
Department of Victoria, Australia. 
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