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FORECASTING THE DEMAND FIR TERTIARY EDUCATION
USNG ECONOMETRC AND MARKOVIAN MCDHS

by
Miles G Nicholls
Swinburne Institute of Technology

Hawthorn, Victoria, Australia

ABSIRACT

In this paper a model for the demand for tertiary education in the state
of Victoria by qualified students leaving secondary school i s developed
and estimated. The objective of obtaining short-term forecasts is
hampered by projection difficulties associated with one of the main
independent variables, the eligibles (i.e., the pool of potential tertiary
students). In order to overcome these difficulties an absorbing markov
chain incorporating changing transition proportions i s derived and
applied. This markov model, coupled with more conventionally obtained
projections of the remaining independent variables, is then used by the

demand model to obtain the required forecasts.

INTRODUCTION TO THE ARCBLAM AND SOLUTION METHIDAGGY

Ary planning exercise undertaken by government concerning the tertiary
education sector, requires as input, an appropriate forecast of the demand
for this public good.

In Australia, few if any studies have been undertaken on the demand for
tertiary education, contrary to the situation in the United Sates and
Canada (see for example the work by Campbell and Siegel (1967), Handa and
Skolnik (1975) and Pissarides (1981)). Typical of most studies mentioned
above is the level of aggregation at which estimation takes place and the
measure of demand used. The smallest level of aggregation used is the
undergraduate and graduate categories at colleges or universities. These
categories are far from homogeneous with respect to the sources of
demand. High levels of aggregation usually lead to the elimination of
individual trends and patterns of each of these sources, thereby reducing
the amount of information and interpretation obtainable.



The usual measure of demand i s the enrolments in the first, second, third
and fourth years, |If this measure is used, the current year's new demand

and the current year's continuing demand are treated identically. This
implies that the same determinants of demand in the same time periods are
applicable to the new and continuing categories in exactly the same way.
The use of distributed lags, as used by Galper and Dun (1969), does not
satisfactorily overcome this problem. Thus, even where studies have taken
place, they are not necessarily sufficiently accurate or revealing enough

for detailed planning purposes.

These demand models also make the assumption that there exists and
operates a free (at least a non-excess demand) market for tertiary
education. This implies that market forces primarily determine the demand

and supply for tertiary education.

In Australia, demand models as discussed above have not, until now, been
underteken due to the lack of adequate data and a belief that the tertiary
education market exhibited excess demand. The establishment of the
necessary data for 1971 to 1981 inclusive, and the demonstration of
substantial support for the operation of a market in which demand does not
exceed supply in Victoria, led to a demand model being formulated and
estimated. The demand for tertiary education (excluding Technical and
Further Education) as measured by commencing enrolments (i.e., new
enrolments) is split into three divisions, Colleges of Advanced
Education-General (CAEGS's), Colleges of Advanced Education-Primarily
Teacher Training (CAET's) and Universities. The am of all these
divisions forms the aggregate demand for which results are presented in
this article. Analysis of full and part-time as well as total demand
(i.e., full plus part-time) was undertaken for the aggregate demand.

The demand model arrived at in this paper derives its origin from the
theory espoused by Blaug (1976) with added insights by Handa and Skolnik
(1975), and i s thus an econometric model. However, the man purpose in
arriving at such a demand model is for forecasting demand and as such,
there exists the need for the independent variables to be in turn
forecast. This latter point was somewhat problematic for one of the
independent variables and i s discussed later in this papar.



The market chosen for examination was that of the successful higher school
certificate candidates because of the availability of some detailed
Statistics relating to the eligibles and its overall numerical dominance

in Victoria (over 60%of all undergraduate commencing students).

The methodology of approach to determining demand forecasts for this
market is as follows:-

a) In order to determine the main causes of changes in demand for
tertiary education (government policy included), determine a
demand model;

b) In order to obtain medium and short-term forecasts for the demand
for tertiary education, obtain forecasts of the independent
variables (in one case using a markovian model);

c) by linking a) and b), obtain the estimates (with or without the

appropriate confidence limits).

THE DEMAND FOR TERTIARY BEDUCATION -
ITS MCDHLING AND ESTIMATION

There are three classes of demand in the market used in this study:
Previous Year (Lag 1), One Year Ago (Lag 2) and More Than One Year Ag
(Lag 3). As implied, the Previous Year class of demand relates to the
High School Certificate (HSC) candidates who, after passing the exams in
November-December the previous year, enrol in a course of tertiary study
in the current academic year. Thus the three classes of demand relate to
the lag between qualifying to undertake tertiary education and actually
demanding it. These three lags are interdependent, i.e., the Lag 1 demand
in Year (t) will affect the demand for Lag 2 (t + 1), which in turn will
have a direct bearing on the Lag 3 demand in year (t + 2). The largest
(numerical) class of demand is Lag 1 and this article is restricted to
consideration of this lag.



The assumption that the HEC 'market! has no excess demand i s found by

Nicholls (1984a) have adequate support.
The demand model is :
DAy = f(TFy, Et, RHDYy, YUy_q) (1)

where f is a linear function; DAy is the aggregate demand for tertiary
education in academic year t (as at 30th April, the census date) by
successful HX candidates who qualified the previous year, TFy is the
government policy (tuition fees) variable; E{ is the number of eligibles
i.e., the number of successful HE candidates who, having just qualified,
mey demand tertiary education in the immediately succeeding academic year,
RHDY4 i s the real household disposable income per capita for Victoria

(a source of finance variable); YU {_4 is the youth unemployment rate
(calendar year) lagged one year. The demand relationship postulated in

(1) above i s estimated for total, full and part-time demand categories.

Note also that the mode includes youth unemployment rates (for 15-19 year
olds) lagged one year. This lag is to ensure that the appropriate youth
unemployment rate i s matched with the period when it i s postulated that
potential tertiary students evaluate their future. It is suggested that
youth unemployment might alter the appropriate opportunity costs of
tertiary education, and thus be an important indirect variable in
determining demand. This youth unemployment effect has been discussed in
detail by Nicholls (1984a), (1984b).

Omitted from the list of possible independent explanatory variables were
TEAS (Tertiary Education Assistance Scheme, mow called AUSIUDY) and real
unemployment benefits. TEAS was excluded due to the incompatibility and
incompleteness of data available while real unemployment benefits were

found (as was suggested by Merilees (1980)) to be statistically
insignificant.



The results of the estimation of (1) above for total, full and part-time
categories is as summarised in Table 1 below:

TABLE 1

Estimated Coefficients for Total, Full and Part-Time HSC Demand Function{b)

Category Variable |
of i
pared (b) |
GONSTANT T . =2 A
F, E, RHDY Lo A F R b
Total (@) -7543.66  -525.07 0.675 580  -191.11 | 69.17* | 0.995 | -.751
(-4.4) (2.48)*** (11.67)* (6.06) (-25.98)* z
. (&) .

Full-Time -7203.42 -525.86 0.658 5.30 -170.60 71.71* 0 - BB
(<h.31)% (-2.55)% (11.76)* (5.68)* 8 18

Part-Time 68.62 -52.58 0.038 0.106 -19.45 4.17%**| 0.558 | -.09

(0.084) (-0.52) (1.03) (0.23) (3.61)%*

(a) First order auto-correlation existed in these (the total and
full-time) demand model and was removed using the two-step full
transform method (see Harvey, (1981)), whereas the part-time
category did not. Consequently, the am of full and part-time
estimated coefficients of the variable do not am exactly to the
total values.

(b) Obtained from OLS results.

(e) ¥ wx ¥ indicates significance at the 1%, 5%and 10%levels

respectively using a two-tail 't' test (t values in brackets).

The results in Table 1 above did not suffer from multicollinearity and the

magnitudes and signs of the coefficients and their elasticities of demand

(for income and eligibles) were in accordance with prior expectations and

generally agreed with overseas studies.

The highly significant negative effect of youth unemployment on the demand

for tertiary education lends credence to the suggestion that over the

period under consideration, the discounting effect of youth unemployment

on future expected returns to, and opportunity costs of, tertiary




education has to lead to a negative net discounted benefit (at least as
perceived by potential students). Psacharopoulos (1980) lends support
inasmuch as the future returns to tertiary education in Europe and the

United States have been found to be marginal at best (on average).

It is also obvious from Table 1 above that there are factors at work other
than those included in the case of the part-time demand equation. Further
investigation was not warranted as the part-time demand was only around 6%
of the total.

Additionally, the relatively small impact of tuition fees on demand for
tertiary education on total (around 5% of the average eligibles) has some
implications, at least in the political arena. The fees impact would
appear to be consistent with the findings of Radner and Miller (1970), but

care should be taken in interpreting the results from dumy variables.

ESTABLISHING FORECASTS KR THE FACTORS AHECTING
THE DEMAND FOR TERTIARY BEDUCATION

The establishment of forecasts of the independent variables proved, in the
case of eligibles, to be a very complex process. The eligibles are a
direct product of the secondary school system (government schools and
non-government schools) which is influenced to a large extent by
population factors. The numbers of potential tertiary students emanating
from the secondary system is not as easily predicted (and forecast) as one
would imagine. Bedow is detailed the process of modelling and forecasting
eligibles, followed by the forecasting of income and youth unemployment
variables.

Forecasting Eligibles

The process by which secondary school students move through the system can
be depicted as in Figure 1 below. It is suggested that the process is
essentially the same for government and non-government schools, with the
difference being reflected in the retention rates. Movements between
these two systems at the secondary level is assumed (with good reason) to
be minimal.



Figure 1 The Flow of Students Through the Secondary School Systems.
Here, R represents recruitment into the system, E exit from the system,
RY; the repeating number of students in Year i, SY5 the stocks of
students in Year i, Fi,j the flow of students 'promoted! from Year i .
Note the census date was 30 August each year and that Year 12 of the

School System is equivalent Year 6 of the Secondary School System.

Figure 2 below then considers the process of exiting from the system for
Year 12 students, indicating the eventual pool of potential tertiary

students immediately available for the next academic year.



(t-1)

(t41)

Figure 2 Simplified Schematic of Eligibles and Decision Paths

(a) This flow i s successful students; i.e. those wio have passed the
Higher School Certificate (now called Victorian Certificate of

Education. ).

(b) This decision process is often considered by students in earlier
years, but it is suggested that decisions are finally made at this

point.

LF i s labour force, TE is tertiary education and D is deferred tertiary

education entry (official).

As is obvious from Figures 1 and 2 above, students (succesﬁs‘ful in
secondary Year 5) flow into secondary Year 6 and coupled with the
Repeating students (RYg) |ess the wastage (Wg) yield the stock of



students in Year 6 (SYg) as at 30 August. These students if successful
mey then choose to undertake tertiary education immediately or in the

future (deferred). Alternatively, they mey join the labour force.

The modelling procedure normally used for educational systems by Johnstone
and Philp (1973), Carn (1973) and Reeves (1977) has resulted in
'successful' applications to Primary School systems, where transition
proportions are by definition constant (due to compulsory schooling).
However, with changing transition proportions (as was found to exist in
the post compulsory years of the Victorian Secondary School System) the
traditional absorbing markov chain i s inapplicable. Stone (1972)
postulated a model that would allow for changing transition proportions,
but did not expand beyond this suggestion.

Below i s such an absorbing markov chain model, developed by Nicholls
(1982) that will be applied to the government and non-government secondary
school system (for males and females respectively). These categories are
necessary to account for the inherent differences in behaviour of each.

The normal markov model is:
T
fij(¢ +1) = Eni(t)qi_]— FR(L+ 1)poj  3=1heneT £51,2,3,00.4(2)
i=l

where:
Kj(t+1) i s the expected number of students in state j at time
(t+1). In Victoria, the Secondary System contains six years
school, Year 7 to School Year 12 (and state j) refer to secondary
school Year j.

n; (t) is.the expected number of students in state i at time t.
If one period ahead projection i s being used incorporating
existing data in order to test the problem, n;(t) would be
actual data (not the current year's estimate) and would be
designated as nj(t).

1. That is secondary years 4, 5 and 6 or generally speaking when students
have turned fifteen.



Q3 j i s the transition probability of going from a non-absorbing
state i to a non-absorbing state j in one transition, i.e. repeat

and promotion probabilities.

R(t + 1) is the total number of recruits injected into the system
intime (t+ 1), i.e. an estimate in most models.

Poj is the proportion (probability) of R(T + 1) that enters
state j inyear (t+1). For the Victorian model, recruitment is
confined to Year 7 only, thus Pgq = 1.00 and poj = O for

j =2,000.4,06.

However, because one of the essential markovian assumptions has been

violated (i.e. qij,t = 9ij,t+1 etc)

the new model is (in matrix terms):

_ t -1 1
n(t) =n(0) T Q(h) + Z {(I Q(n)) (R(t-1))}P, (3)
h=0 =0 h=0
where s
Q(t) = I (QiC;(%))s 1 <5 < (2r-1) (4)

where s refers to the number of non-zero diagonals in the Q(t)
matrix. For the Victorian models, S = 2, corresponding to the main
and super diagonal containing the repeat and promotion rates

respectively.

Then for 1= 1, the components of equation (8) are as follows:

11,1 C1q,4(¢)
¥ O (5" . 0 (6)
Q 7 C,(t)_ )
(rxr) 0 ® (rxr) 0 ®
*qrr,T i Crr,‘l{t)
L. t -

The functional forms for qjj ¢ are:

9j,t = A15%),
Qij:t = *Qijtle
9ij,t = 9i]

where the average i s primarily associated with promotion or repeat
rates which are relatively constant or where no identifiable pattern
exists in the changes.



and when 1. = 2

0*ay3,2 o

U* Cyp 5{t)

923,2 0 . 6,0 22,2 0
L=lg -. ’ (7) {rer)” i . (8}
(rar) . q(r-‘l)r,? o . C

y rr,2(t)
and thus

*d49,1641,1(0) O *d3p,2%,2(") O
NG *oz2,122,1) TACE B
(rxe)” 0" 0 (9 (rxr) 0o . (10)

Gy, 16,1 (D) 0 *q(_1)eCr,2(t)

where sz‘z{t) represents the value of sz’z attine t.

This means that if we substitute (4) (explicitly stated) into (2) above,
we obtain

{

n.(t+1) =
J 1 =1

nmMow
n M=

: ﬁi(t)(*qij,1cij,l(t))} + R(t+1)P01

=1, 1 ot=1,2,3,... (11)

which when re-expressed i n matrix form becomes (3) above.

It i s also important in the secondary school system to take explicit
account of male and female transition proportions as these
historically differ significantly. Using four basic markov models for
the secondary school system viz: Government Schools - Males,
Non-Government Schools = Males, Government Schools - Females,

Non-Government Schools - Females (i.e. k = 1,2,3,4) the markov model
finally used is:

s
ﬁk(t+1) = ﬁk(t) 151 (Q]kc1k(t)) + Rk(t”)pok (k=1,...,4) (12)

Recruitment was not considered, as the model could run for some five
years before its effects impacted upon School Year 123, well outside
our short-term horizon.

3. The other Years have some intake but it is assumed quite reasonably

to equal the losses between years (i.e. net migration i S zero). This
migration would most likely be due to (interstate) transfers.




The model was then fitted with the transition proportion being
calculated for each t (19751979 inclusive) via:

Qij,t = (SYj,4 - SRy, ¢)/S¥3 g5 J =t +1  (13)
Qii,t = SRy +/SY3 4.1 (14)

where SYj  is the nunber of students in Year j tine t
SRj ¢ is the nunber of students repeating Year j in time t
SYj -1 is the nunber of students in Year i, intinet-1



Table 2 below summarises the promotion rates for males and females,
Government and Non-Government schools for post-compulsory school
years.

Table 2

FOST-COMRULSORY STHOOL YEAR ESTIMATED FROMOTION RATES (&)

Government Non Government
Schools Schools
(b)
Promotion
Males Females from/to Males Females

.8473 .8533 0.027 9/10 .9494 .9606
.6390 .7205 10/11 2588 .8946
42 (.9393)% | .54(.9397)% 11712 7398--03%  |.74(.97)%

3% *

(a) The compulsory school year rates were constant and around 1.
(p) In School Years.

* % denote significance at 5%and 1%respectively.

It isinteresting to note that i n Government schools the participation
for males and females for School Year 12 i s diminishing at the same
tate, differing only in the base. The Non-Government situation is a
reflection of this also, with only the base being considerably

larger. This is explained by an expected higher participation rate
per_se together with the fact that the Government School System has a
large number of Technical School students leaving at the end of School
Year 11, a fact not shared by the Non-Government Systems.

Based on stocks of students in the various 'states! as at 1975 (30th
August) and projecting forward using the model in (12) above,
estimates were obtained for stocks of students in both school systems
for males and females for School Year 12.



The remaining operation i s to estimate the success rate of these
stocks of students in the HSC examination which will then yield the
eligibles. This i s summarised by the model in equation (15) below:

Biii = polpli). Erale) * Polpfe] 15 (15)

fa)
where E{4q iS the estimated eligibles for Year (t + 1) given we are
at t

Pr(p/m), Pr(p/f) are the probabilities of passing the HE&C examination
for males and females respectively;

51;%1,), n—12f(t) are the expected numbers of students in School Y ear

12 at time (t)according to male/female classifications. (Government
Non-Government differentiation i s not used here because of lack of
data pertaining to Pr(p/m) and Pr(p/f))

the forecasts obtained from this model were excellent for 1981 and
19824,

4. 1n 1981 for example estimated eligibles was 14585 and actual was
146091
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FORECASIING INCOME AND YOUTH UNBVROYMENT VARABLES

These two variables were forecast in a more straightforward and
conventional way using predictive (extrapolative) approaches and in the
case of youth employment published forecasts. The generation of these
forecasts i s sufficiently standard and uninteresting so as not to warrant
further consideration in this paper.

The forecasts for the tuition fees variables was again taken from
published government intentions - i.e. that no tuition fees were to be
re-introduced (after their cessation i n 1973). This publicly expressed
policy statement was taken (naively) at face value.

FORECASTING THE DEMAND FOR TERTIARY HEDUCATION

With the estimation of the underlying demand relationship (depicting the
demand for tertiary education) and the subsequent forecasting of the
independent variables, obtaining forecasts for demand for tertiary
education was then a simple matter. The generation of confidence limits
per_se was not considered appropriate due to the large amounts of error
inherent in some of the independent variables forecasts, however,
'subjective! confidence |imits were used.

GONCLUDING  REMARKS

General conclusion to the forecasting methodology.

The task at hand, that of providing short term to medium term forecasts
for the demand for tertiary education by successful Higher School
Certificate candidates in Victoria, was adequately met by the use of an

econometric model representing the demand function, and a markovian model
for forecasting the eligibles.

Considerable information was obtained about the demand characteristics of
this 'market! from their estimation of the demand function. Additionally,
much information about the secondary school system in Victoria was

obtained from the markovian model set up to represent it.



Finally, the operation of these two models, and the forecast data on
income and youth unemployment allowed the main objective of the study to

be attained, namely forecasts of the likely demand for tertiary education

by the biggest single component of the market.

However, apart from the technical achievement, together with the added
understanding and insights obtained about the demand function and

eligibles market, little was achieved by this study in terms of forecasts.

May A Slip Twixt The Cup and The Lip

The statement above, pertaining to the forecasts obtained being of little
value, was made quite sincerely based on the following scenario.

Subsequent to the forecasts being produced, a number of changes occurred
to what had been a relatively stable system. Some of the changes were
immediate, others throughout the time span of the forecasts.

Some of the changes encountered were as follows:

. the census date for the Secondary School System was changed to July 30

from August 20 rendering data and the markov model incompatible with
data post 1981;

. the technical school system (a part of the Government Secondary School
System) had during the time period of the study operated without a
Year 12. This wes subsequently changed, thus rendering transition and
to some extent wastage rates useless; |

. Government policy suffered a considerable change post 1982, when
considerable encouragement was offered to students to remain within
the system until completing Year 12 (HSC), again causing changes to

the transition rates in the markov model;



. This general encouragement by Government to secondary school students

to stay on and complete HC, lead to a situation where:

a) Demad for tertiary places nowv exceeded supply, thus invalidating
the demand model in this paper that was predicated upon a

converse situation;

b) Different TEAS (as it was called during the time of the study)
allowances were introduced, thus complicating matters even
further;

« A massive expansion of the Technical and Further Education (TAFE)
sector with associated publicity may well have impacted the tertiary
market.

. The general economic picture post 1981 became bleaker than anticipated
and youth unemployment was found to be quite substantially
under - estimated.

« There was a flood of students into the Non-Government Secondary School
System around 1982/83, that appeared to be at all secondary years (not
just School Year 7) thus causing a further structural change.

. Last but not least, there was considerable discussion in government
circles regarding the re-introduction of tertiary tuition fees, which
finally culminated in 1987 with the introduction of an 'Administration
Fee'!

With the above changes the forecasts were made useless. This did not
invalidate the forecasting effort however, as much was learned about the
secondary school system and the tertiary education market.

What these events do point out however, i s that forecasting i s still an
art form and that the operation of its fundamental premise (that what has
happened in the past will continue into the future) is rarely, if ever,
valid. Thus forecasters, especially when using sophisticated models, must
remember there's mawy a slip twixt the cup and the lip!
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'Towards an Optimal Taxation Structure in Australia' by
David J. Thomas.

‘A Suggested Theoretical Basis for the Interpretation of the

Effects of Income on the Demad for Tertiary Education' by
Miles G. Nicholls.

'Austrian Economics and Australian Patents' by Bruce Oakman.

'Ensuring a Future for your Organisation' by Chris
Christodoulou.

'The Long Search: A Pursuit of Organizational Understanding
from the Perspective of "System™ Thinkers' by Max Brown.

'Managing the Introduction of New Technology' by
John Newton.

'Positive Economic Analysis and the Task of State Enterprise
Efficiency and Control' by Patrick Xavier.

'Profitability of Horizontal Takeovers in the Australian
Industrial Equity Market: 1978 to 1982' by M.A. Johns and
N.A. Sinclair.

‘A Comparative Examination of Subsidiary and Non-Subsidiary
Strategies' by Chris Christodoulou.

'Solving Linearly Constrained Nonlinear Programming Problems
by Newton's Method' by Fatemeh Ghotb.

'An Economic Appraisal of Recent Reforms in Public
Enterprise Pricing Policy in Victoria' by Patrick Xavier.

'Australian Manufacturing Companies and Academic
Institutions: A Comparative Analysis of Strategic Planning’
by Noel H. Kelly and Robin N. Shaw.

‘Centralisation of Information and Exchange with Special
Reference to The South Australian Winegrape Industry' by C.
Hunt, P. Tiernan, E. Wilson.

'The Impact of Hare Office Culture on Subsidiary Strategic
Planning' by Chris Christodoulou.

'A Comparison Between Guarantees Standby Credits and
Performance Bonds by Am Johns.

'The Effects of Uncertainty and Incomplete Information in a
Foreign Exchange Market subject to Noisy Rational
Expectations' by Edgar J. Wilson
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37 1987

38 1987

39 1988

40 1988

41 1988

42 1988
43 1988

4y 1988

‘Inflation Accounting for Australian Public Enterprises -

Economic Rationale and Financial Implications' by Barry
Graham and Patrick Xavier.

'Financial Targets and Dividend Requirements for
Commonwedth Government Business Enterprises = Are They
Appropriate and Hw Should They be Determined and Measured?
by Patrick Xavier and Barry Graham.

'‘Whither Co-Operative Federalism?: - An Analysis of the
Commonwedth Government's Plan for Reform of Companies,
Securities and Futures Legislation' by Peter Pascoe.

'‘An Analysis of the Pricing of Section 23 Expert Reports' by
Am Johns.

'Food Laws Reviewing the Regulatory Framework' by Sandra
Edmonds.

'Share Prices and Divestiture' by J Barker.

‘Marketing Education in Malaysia: Implications for
Australian Tertiary Institutions' by Christopher Selvarajah

'Forecasting the Demand for Tertiary Education using
Econometric and Markovian Models' by Miles G. Nicholls






	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

