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Introduction 

In the past decade a gradual decline in the expenditure on university education 
as a percentage of expenditure on higher education is shown. Further, the expen- 
diture on university education as a percentage of the total expenditure on education 
over the past few years seem to fluctuate around 15'. As a result of these limiting 
factors there has always been a debate as to how the available resources could be 
allocated to different universities. It is the administrators of universities who often 
face the chalienge of making the best use of the limited resources available to them. 
Here the resources may be in the form of academic staff, technical staff, office 
support st&, funds for purchase of equipment, funds for capital expenditure etc.. 
More recently, the adoption of quantitative approaches when allocating resources 
to universities by the University Grants commission (UGC) was witnessed. The 
UGC established norms for staff-student ratios for diffe*ent faculties2 and for the 
calculation of student loads of different academic programmes offered by the 
universitieh3 for the purpose of allocating academic and support staff at faculty 
level. On implementation of these norms the figures calculated by far exceeded the 
numbers allowed by them. For example, the cadre of permanent teaching staff in 
universities in 1988 stood at 2042 of which 289 were in excess. Establishment of the 
norms for staff-student ratios have enabled the UGC to make plpns to gradually 
decrease this excess staff strength. During the plan period (1988-1992), UGC 
proposes to reduce the excess staff from 289 to 186 by the year 1992. However, 
particularly at faculty level, the decision makers adopt intuitive or observational 
approaches that depend on subjective analysis, or t h g  simply repeat someone elses 
solutions. These methods may not assist in approaching the problem systematically. 
On the other hand, if a rational approach is adopted the decision makers have a 
better chance of arriving at a proper decision. In this paper an attempt has been 
made to use one of the techniques of operations research, namely linear program- 
ming, to formulate and solve the resource allocation problem of public universities 
in Sri Lanka. The linear programming technique is one of the most commercially 
successfyl applications of operations research and wagner4 reports that theie is 
considiiable evidence to suggest that it is ranked highest in economic impact. 

Many researchers have also used the linear programming technique to solve 
allocation problems in educational planning. For example, ~delman' developed an 
educational planning model at national level, Plessner et aL6 modelled allocation of 
resources within a university department and ~owles' modelled resource allocation 
in education. Linear programming being a quantitative technique it has been a 
requirement to quantify the worth of a graduate in all these studies. In Sri Lanka, 
efforts in the past have been to increase the intake of students to universities asmuch 
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as possible having been influenced by the social demand for higher education. 
However, now the emphasis is on labour market rather than the social demand. 
Therefore, the formulation of the model discussed in this paper is based on the idea 
that the university is an entrepreneur having the objective of maximking the worth 
of the output. The resource allocation problem is conceptualized as a maximking 
problem so that the formulation result in the maximization of the relative worth of 
the output subject to various constraints. 

The application of the model is demonstrated through an example. For this 
purpose the data pertaining to the Faculty of Science at University of Kelaniya was 
used. The solution of the problem was obtained through the use of a computer 
software package* The optimal solution to the problem generates student numbers 
and the resource requirements at department level. The advantages, limitations and 
further extensions to the model is also discussed. 

DEVELOPMENT OF THE MODEL 

Maid Assumptions 

i. The measurement of the output from the university is in terms of graduating 
student numbers. 

ii The-dropout rate from the university is negligible. 

iii. The variation in the results at examinations is attributed to personal qualities 
of the student and therefore, do not contribute in the calculation of their 
relative worth. 

iv. The students registered in one faculty do not register for courses in other 
faculties. 

Formulation 

The problem is conceptualized as a maxhhhg  problem so that formulation 
should result in the maximization of the relative worth of the*output subject to 
various constraints. The constraints accommodated in the model represent the 
resource inputs such as academic staff, supporting staff, and recurrent expenditure 
and the available physical facilities such as office space, laboratory space, lecture 
room space and other limiting factors such as academic support services and 
maintenance of the stability of the institution. The linear programming model 
developed here is formulated at faculty level. 
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Decision Variables 

Due to the nature of the formulation process in optimization models, the 
decision variables associated with the problem should be those incorporated in the ' 
objective function. This condition necessitates the introduction of variables for each 
category of output from the university. They are as follows; 

xi - number of sudents registered to follow the general degree 
programme in the faculty offering the 'i' th subject combination. 

Usually, the general degree programme consists of a combination of three 
subjects over a period of three academic years. Further, except the students in the 
special degree programme, all the others registered at levels such as postgraduate, 
diploma and certificate follow the courses offered only by the department con- 
cerned. This situation leads to the introductioh of two more decision variables. 

x - number of students registered in the 'k' th academic piogramme 
of department 'j' 

4 - number of students registered to follow the subject offered by 
department 'j' as a subsidiary subject 

However, it should be noted that Z xf is a sub-set of Z x: and therefore xf 
should not appear in the objective function. Instead, they should contribute to the 
student load calculations at departmental level. The student numbers at the general 
degree level is defined programme-wise. Therefore, the number of general degree 
students registered in a particular department will be a function of xi. For simplicity, 
let yj be the number of general degree students registered in department 'j'. Then 

yj = f {xi ). All xi, xjC and xJS are non-negative variables. 

Objective Function 

It is a maximizing function of the relative worth of the output from all the 
academic departments within the faculty.. 

where, 

pi - .worth of a general degree graduate offering the'i' th subject 
combination 

pF - worth of a graduate offering the 'k' th academic programme of 
department 'j' 
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Constraints 

The formulation of the constraints associated with academic staff, supporting 
staff, office space, laboratory space, lecture room space, institutional stabgty, 
recurrent expenditure and academic support services is presented in this section. 

Academic Staff- 

where, 

a: - equivalent student load of academic programme 'Y of 
department 'j' Assuming the student load of a gen,eraI degree 
student is 1. 

Tj - number of staff of department 'j' , 
.. . . . 

Rj - accepted norm for student- teacher ratio applicable for 
department 'j' 

Supporting Staff- 

where, 

Sj - number of support staff available in department 'j' 

gj - academic staff/support staff ratio applicable to 
:department 'j' 

Office Space- 

'IYj + Xj + Z a !$ )  Ts/Rj + A b Oj 
t 

where, 
. .  , . . 

A - minimum office required for the Head of department 
and clerical staff 

Ts - mhimumoffi& space required perteaching staff member 

0j - ' total available oflice space for staff of department 'j' 
. . 
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Laboratory Space- 

where, 

wf - minimum lab space required per student of department 'j' 
following the 'k' th academic programme 

L! - total lab space available in department 'j' for the 'k' th academic 
programme 

and l/j yj Wj 5 Lj (General Degree case) 

~edture Room Space- 

Mr 1 Max ( student strength of each batch of students assigned to 
the 'r' th lecture room according to the time table ) 

where, 

M, - capacity'of the 'r' th lecture rbomin studentnumbers 

Institutional Stability - 

sometimes as a result of high costs and.o+er excessive ihguts required or due 
to poor labour market for graduates of certain academicdepartments, it may happen 
that hi the optimal solution such departments-show up as undesirable programmes.. 
However, closing down an existing. department.. may affect the stability of the 
institution. Therefore, restrictions have to be made.'to maintab institutional 
stability. 

' S Dj {tj} 

where, 

, tj - factor introduced to indicate a lower bqundforyj 

, Dj - present enrolment of gineral degree students indepartment 'j' 



Recurrent Expenditure- 

where, 

ej - recurrent expenditure per student of department 'j' offering the 
general degree programme 

ef - recurrent expenditure per student,pf department 'j' offering the 
'k' th academic programme 

5 - amount of resources available for recurrent expenditure for 
d e p d e n t  3' 

Academic Support Services- 

Academic support services may be offered by divisions such as the computer 
unit and the language laboratory. 

{bj ( ~ j  + 4 + 2 s 4 
t 

where, 

Cj - amount of support service time available for students of 
department 'j' 

bj - amount of support service time required for a geneial degree, 
student of department 'j' 

bf - amount of support service time required for a student of 
department 'j' offering the 'k' th academic programme 

similarly, constraints have to be written for each type of support service used by 
department 'j'. This constraint may also be formulated at faculty level depending 
on the feasibility of implementation. 

Programme selection- 

In some faculties students wfio offer certairv academic programmes are 
restricted to specific subject combiitions. For example, in the Faculty ofscience 
at University of Kelaniya, those who opt to follow hdustrial Management as a 
subject for the general degree programme have to opt for Mathematics as well. 
They have to be accommodated separately. 
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APPLICATION OF THE MODEL 

Thehnodel was applied to the situation at the Faculty of Science at University 
of Kelaniya. The data used in this exercise were pertaining to the year 1985. This 
time frame was used since at the time of this study, the latest Statistical Handbook 
of the U G C ~  provided data only upto the year 1985. At that time the faculty had six 
academic departments and offered eleven academic programmes at general a6d 
special degree levels. Only three departments had postgraduate students. These 
programmes necessitated the introduction of 22 decisionvariables. A fuller descrip- 
tion of the formulation procedure of the linear programming model and the detailed 
workings of the application is available in an earlier work by thexuthor.1° 

The formulation of the constraints associated with the problem are based on 
actual figures and therefore, can be formulated fairly close to the real situation. 
However, the outcome of the solution of the formulated model is heavily depepdent 
on the estimated cost coefficients in the objective function. Determining the worth 
of graduates who have followed different academic programmes is a very critical 
issue. Nevertheless it has to be done for the development of the objective function. 
This sensitive issue has been addressed by many researchers in educational planning. 
For easiness in application the worth of a graduate is suggested to be considered as 
the present value of total earnings during his lifetime after the university education 
less the income he would have earned otherwise and the cost of university education. 
This is based on the notion that a foregone income is a cost. Estimations based on 
this criteria involve extensive surveying and therefore, for the purpose of this study 
the cost coefficients were estimated on subjective judgement. It is worthy of note 
here that in linear programming analysis, the collection and estimation of relevant 
data is often the most time consuming part of the project.11 

In the calculation of staff strength at departmental level, the staff-student ratios 
given in the Corporate Plan of the UGC of 1987 and the student loads recommended 
in the Circular Letter of the Planniug and Research Division of the UGC was used. 
But a difficulty in extracting the recurrent expenditure per student by department 
was experienced due to non availability of classified data. Official records main- 
tained at faculty level also do not have realistic figures on available office space at 
departmental level. However, obtaining such data may not be difficult if a survey 
can be administered through high offices in the university administration. In this 
study the set of constraints dealing with office space was not considered due to 
practical difficulties encountered in collecting the required information. f i ther ,  
the Computer Unit of the faculty was at its development stage and did not contribute 
sig~&cantly to warrant its inclusion in the model. In all 45 constraints accommodat- 
ing, the academic staff, supporting staff, laboratory space, lecture room space, 
program selection restrictions and institutional stability were used in the model. 
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Results 

Due to non availability of reliable estimates for recurrent expenditure per 
student by departments, initially the optimal solution was obtained without the 
constraints for recurrent expenditure. The optimal solution obtained along with the 
actual values of 1985 are presented in Table 1. The figures corresponding to the 
optimal solution in Table 1 exceed the actual student enrolment in each department. 
This means that in the Faculty of Science at University of Kelaniya a reasonable 
increase in student numbers could have been affected in 1985. However when the 
constraints for reewe-nt expenditure was included the corespondiing optimal solu- 
tion showed that the actual enrolment at the general degree level, except in the 
*departments of Physics and Industrial Management, were in excess as shown in 
~ i b l e  2. Statistical records12 indicate that more than 90 percent of the recurrent 
expenditure in the Faculty of Science is on personal emoluments. Hence, the total 
recurrent expenditure of the faculty was apportioned on the staff strength of each 
academic department to arrive at a crude estimate of recurrent expenditure by 
'departments. 

'bble 1. Enrolment in the Faculty of Science in 1985 vs Optimal solution ob- 
tained without the constraints for recurrent expenditure 

General Degree special Degree M.Sc/M. Phi 
Department Student Numbers Student Numbers Student Numbers 

Optimal Actual Optimal Actual Optimal Actual 

Botany 80 60 10 10 12 . 5 .  
(B io) 80 60 

Chemistry 10 6 12 2 
(Physical) . 66 38 
(Pure) 95 63 

, . 

Mathematics 10 8 0 0 
(Further) 59 42 

Indus. Mgt. 25 19 0 0 .  0 0 

Physics 40 39 10 4 0 0 

Zoology 80 60 10 10 10 2 

There are important features of the linear programming model. For example, 
the value for surplus and slack.variables in the optimal solution indicate the amount 
of usage of resources and shortfalls. Furtbr, the dual problem generates shadow 
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prices for each input used by the department. By this facility It is possible to decide 
what particular inputs should be requested if additional resources become available. 
The shadow price in fact measures the marginal value of the resource concerned.13 

a b l e  2. Enrolment in the Faculty of Science in 1985 as a percentage of the 
optimal figures obtained with the constraints for recurrent expenditure 

General Degree Special Degree M.Sc/M.Phil 
Department Student Numbers Student Numbers Student Numbers 

Actual as a % ActuJ as a % -. ' ~ c t u d  as a % 
of optimal of optimal of optimal 

Botany ' 130.43 
(Bio) 130.43 

Chemistry 
(Physical) 
(Pure) 

Mathematics 
(Further) : 

Indus. Mgt. 

Physics 

Zoology 

(*) A percentage less than 100 indicate that the actualfigure is less than the 
optimal number: 

Conclusions 

This paper presents the development of a linear programming model for solving 
the resource allocation problems in universities. The formulation deals with the 
situation at faculty level. If it is to be extended to the non-academic divisions too, 
several norms have to be determined and more constraints have to be developed. 
There ate several advantages of using the linear programming technique. First, by 
virtue of being a mathematical model it can be subjected to sensitivity analysis. Thus 
several optimal solutions can be obtained by changing the values of thc parameters. 
In addition, economic interpretation of the model can be done through the as- 
sociated dual problem. Secondlj., the model can be easily solved using the standard 
computer software packages. Thirdly, the linear programming technique has the 
capability of handling any type of linear constraints which is adequate-to express the 
resource restrictions close to reality. As in the case of all optimization techniques, 
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once the model is developed it should be validated to see how accurately the model 
mirrors reality. This can be done 

This study is intended to assist academic administrators in the resource alloca- 
tion process by way of providing a quantitative model which would give as the 
solution the critical areas for investment or withdrawal of resources. However, 
under no circumstance should the modelbe viewed as a rigid one. The environmen- 
tal characteristics which went into the.estimation of parameters may change over 
time. Therefore, the model should be updated to accommodate changes in the 
parameters. 

Oncof the disadvantages of the present model is the assumption that the 
students'registered ih one faculty follow only the courses offered by that faculty. As 
a result when the course unit system is adopted in the faculties where the students 
are allowed to follow courses offered in different faculties, the model is not readily 
applicable. Then new decision variables have to be introduced together with new 
restrictions. 

The results obtained through the solution of the formulated model maybe used 
as e guide and as a measure of control. 
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