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Abstract: Government financial assistance (GFA) plays an important role in 
higher education to facilitate the process of teaching, learning and research of 
staff and students. However, very little is known about efficiency of using GFA 
in higher education. This paper aims to investigate efficiency of using GFA in 
Australian universities in the context of substantial variation in public funding 
distribution. The stochastic frontier input requirement model was developed to 
measure efficiency of using GFA for 2009–2016. The findings reveal that the 
overall efficiency of using GFA on average at 0.956, implying a high level of 
efficiency in using public funding. However, bigger is not better in the 
performance of universities through using GFA. In addition, contextual factors 
potentially influence temporary transient efficiency (0.974), other than  
long-term managerial efficiency (0.982) decomposed from the overall 
efficiency index of GFA. Some suggestions are made for more appropriate 
solutions to funding distribution in Australian universities. 

Keywords: Australia; higher education institution; long-term efficiency; 
transient efficiency; government financial assistance; GFA; stochastic frontier 
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1 Background 

The vital role of higher education has been well recognised in today’s world development 
in terms of a wide range of challenges and opportunities that are emerging with many 
socio-economic implications. The most important may be the challenges correlated with 
shifting perspective of knowledge itself which are strongly influencing the role and the 
responsibility of universities in a nation’s sustainable development. Universities are well 
positioned to link the local with the global. This asks them to well perform in their 
academic operations to meet national and international education standards. 

Like the world’s advanced countries, universities in Australia contribute significantly 
to national development on the ground of their capacity for offering good quality of 
education and innovation through teaching and research. However, in order to achieve 
these objectives, government funding assistance plays an important role in development 
strategies of universities. Currently, most higher education institutions in Australia are 
public-owned and financially supported by the federal government (Duan and Deng, 
2016; Abbott and Doucouliagos, 2003; Lee, 2011). Over the period of 2008–2017, the 
enrolment growth in public universities has caused the burden on the federal government 
to provide more financial assistance for their academic operations. The solution to this 
challenge is to reduce the government financial burden together with improving the 
performance of universities. Specifically, the government has initiated measures such as 
decline in government budget, competitive grants for research, an enhancement in 
international education, and amalgamation of education institutions. As can be seen, a 
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decline in public funding per student has inevitably placed burden on universities to 
maintain academic operations without looking for optional solutions to increase income. 
In addition, the competition for research funding among Australian universities becomes 
critical to secure more government funding (Carrington et al., 2018; Duan and Deng, 
2016; Lee and Worthington, 2016). Heffernan (2017) indicated that there were significant 
differences in funding distribution of federal government policies granted to Australian 
universities. These differences depend on student numbers, research centres and research 
excellence. Whilst research output, funding and grant are considered as fundamental 
indicators to measure university reputation and ranking, whether the current distribution 
of government funding is sufficient for universities to enhance their research success is 
still questionable. Recently, some reviews on government financial assistance (GFA) for 
Australian higher education institutions suggest that universities are under-funded. 
However, the government has not tackled this funding shortfall (Carrington et al., 2018). 
These reviews to some extend have reflected the practical status of Australian universities 
where there exists a large difference in government funding distribution among 
universities (Heffernan, 2017). However, to offer more convincible evidence on dispersal 
of the government funding distribution, efficiency of using GFA in universities should be 
first analysed and assessed. If the GFA efficiency index of Australian universities is 
good, then a claim on whether Australian universities have used GFA efficiently might be 
not established. Instead, the existing mechanism of government funding distribution 
should be reconsidered to ensure a more equitable distribution of government funding 
given to universities to enhance their performance and competitiveness at a global scale. 

Efficiency of Australian universities has been widely studied in the higher education 
literature. For example, estimating the efficiency and productivity growth in Australian 
universities (Carrington et al., 2005, 2018), the efficiency of research activities (Lee 
2011; Lee and Worthington, 2016), the efficiency of university departments, economies 
scale and scope (Madden et al., 1997; Worthington and Higgs, 2011; Zhang and 
Worthington, 2017). However, to our knowledge, very little is known about the technical 
efficiency of using GFA in Australian higher education, thus provides us an avenue to 
bridge the gap in the efficiency literature of higher education. 

The dominant role of public funding makes universities partly resistant to enhancing 
efficiency of their academic operations (Gralka, 2018; Baskaran and Hessami, 2012). 
Inefficiency can come from different reasons and could not be totally attributed to 
management inefficiency. If management is time invariant at least in a short span of time, 
it can be treated as persistent university-specific (time-invariant) component whereas 
another component is temporary (time-varying) component that can change over time. 
The difference between two components would provide different policy implications 
(Kumbhakar et al., 2014; Gralka, 2018). Accordingly, our research findings can provide 
more useful information for both educational managers and policy makers for their 
appropriate policies in distributing government funding to universities to ensure that all 
universities have a fair opportunity to receive the funding for their teaching and research 
activities. 

Based on recent discussions about government funding for Australian universities 
(Heffernan, 2017; Carrington et al., 2018), a question would arise whether the 
government financial has been used efficiently in Australian universities in the long run 
and short run. To address this gap, our research objective aims to investigate whether 
Australian universities were using efficiently GFA for their academic operations in the 



   

 

   

   
 

   

   

 

   

   342 C.T.T.D. Tran and J.N.N.B. Tran    
 

    
 
 

   

   
 

   

   

 

   

       
 

short run and long run, and how environmental factors affect their efficiency of this 
government funding. The findings could improve effectiveness of distribution of 
government funding to Australian higher education institutions. 

The paper is organised as follows. A brief introduction to Australian universities is 
presented in Section 2. This is followed by Section 3 of methodology and empirical 
model. Section 4 presents data and data sources followed by the empirical findings in 
Section 5. Section 6 shows key discussion. Section 7 ends with conclusions and future 
studies. 

2 Australian universities: performance and GFA 

Higher education in Australia has witnessed a substantial transformation in structure 
since late 1980s following the Dawkins reform that aimed to increase productivity of 
universities with a reduction in costs and thus could make them more efficient. This also 
led universities to moving a mass education system, change in academic funding to 
develop and expand education industry of Australia to international education markets 
(Worthington and Higgs, 2011). As can be seen, university enrolments increased by 37% 
for 2008–2017 and international student enrolments rose to 220% during 2002–2017 
(DET, 2019). However, this sound achievement of Australian universities faces a 
perennial problem of the government assistance resource. A decrease in government 
funding for universities has been targeted to improving the operational efficiency of 
universities (Duan and Deng, 2016). 

However, a most recent study of Heffernan (2017) revealed that there was not equal 
access to the government funding in Australian universities. For example, Monash 
University received AU$981 million whereas other universities such as Sunshine Coast 
University (USC), and Federation University and Canberra University received AU$163, 
AU$165 and AU$112 million, respectively. This could be explained by the number of 
students at Monash being four times higher than the number of students at the USC, 
Federation and Canberra Universities. However, Heffernan (2017) indicated that if using 
the funding per student method, it seemed not to be relevant when comparing between 
Australian National University (ANU) and University of Sydney. Accordingly, there  
was dispersal of government funding without logical explanation in regulations and 
estimation methods. The discussions of Heffernan (2017) were indeed striking and 
worthy of being perused. To provide more insights to the work of Heffernan (2017) in 
terms of quantitative analysis, assessing efficiency of using government funding among 
Australian universities should be conducted to strengthen evidence found in Heffernan 
(2017). That is, the government needs to reconsider funding distribution policies to 
Australian universities in a fairer way, given that universities are found doing well in 
using their government funding. 

Voluminous studies have been implemented on the performance of Australian 
universities. For example, Avkiran (2001) investigated the efficiency of 35 universities in 
Australia using the data envelopment analysis (DEA) and the 1995 data. His finding 
revealed that on average, the efficiency of Australian universities appeared to be high at 
0.96, implying that universities might reduce 4% of quantities of outputs to obtain the 
frontier efficiency under the variable return to scale (VRS) and output orientated 
approach. However, due to using a cross-sectional data, this study did not capture change 
in efficiency over time to provide a big picture for the sector performance. Using a 1995 
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cross-sectional data, Abbott and Doucouliagos (2003) estimated the efficiency of  
36 Australian universities using the DEA VRS input orientated approach. The authors 
showed the similar finding as in Avkiran (2001). The average efficiency score of 
Australian universities was at 0.93, relatively high albeit their performance could 
potentially be improved by 7%. Using the DEA approach with the panel data of the 
period 1996–2000, Carrington et al. (2005) found the average efficiency score of  
35 Australian universities at 0.94 that was accordant with previous studies, the authors 
then examined the exogenous influences on performance of institutions using Tobit 
regression model. In their conclusion, the authors noted that a wide of factor including 
quality and differences in operating environment could influence the chosen measure of 
university performance. In addition, previous studies focused on the departmental 
efficiency or research efficiency of Australian higher education institutions such as 
Madden et al. (1997) and Abbott and Doucouliagos (2004). 

The growth in productivity of tertiary institutions in Australia then has been 
investigated by Worthington and Lee (2008) over the period 1998–2003. Using 
Malmquist productivity index, the findings showed that annual Australian universities 
have an average productivity growth of 3.3% that was largely attributed to technical 
innovation compensated by a minor drop in technical efficiency. By contrast, the 
productivity growth in research was driven by technical and scale efficiency. The authors 
concluded that the growth in productivity of Australian universities is slow and additional 
improvements depend on technological progress that will be a challenge for the sector. In 
addition, cost economies of universities have attracted concern of researchers and 
scholars. The work of Worthington and Higgs (2011) indicated that ray scale economies 
of 36 universities over the period 1998-2006 were approximately 120% of current mean 
output and product-specific scale economies held only for undergraduate teaching. 
However, diseconomies of scope were present corresponding to an increase in 
publication relative to other outputs. Recently, Zhang and Worthington (2017) 
investigated cost economies in distance education of 37 institutions over 2003–2012 
using cost function. The authors indicated that there was strong evidence on overall 
economies of scale and scope for distance education, suggesting that cost benefit 
increases in producing distance education in collaboration with traditional face-to-face 
teaching. The authors indicated the limitation of quality variables of inputs and outputs in 
the model and suggested for future studies. 

In aggregate, it can be observed that the performance of Australian universities is 
respectable at the high levels of cost efficiency and operational efficiency, at least 0.9, 
suggesting that they could potentially improve their performance less than 0.1 to obtain 
the full efficiency. The minor level of inefficiency might be related to public funding 
granted to universities. More recently, review on Australian higher education revealed 
that national expenditure on tertiary institutions in Australia increased at a slower level 
than the growth level of GDP, 34% versus 42% and this expenditure is less than the mean 
expenditure of OECD at 58%, implying that Australian universities are significantly 
under-funded (Worthington and Higgs, 2011). However, Carrington et al. (2018) 
provided an opposite result. Using Färemont productivity index for 37 Australian 
universities, the authors showed that on average universities made a growth of 1.1% per 
annum over the period 2005–2010, in which a key driver for this growth was an 
improvement in technical efficiency at 1% and 0.1% came from technical innovation. In 
addition, the fundamental grants to operations of universities could potentially be 
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contracted by 1.76% per annum, equivalent to $100 million, over five years. This implies 
that growth in productivity of Australian universities is not large enough to fit the basic 
operating grants for teaching domestic students that they received from the government. 
However, on the other hand, Heffernan (2017) argued that there was a substantial 
variation in government funding distribution so that some universities received larger 
slices of funding than others. To address these problems in an effective way, the 
following question should be answered, that is whether universities are performing 
efficiently GFA, given their current funding status. If universities are efficient in their 
using government funding, then the current model of government funding distribution 
should be reconsidered as discussed in Heffernan (2017) to reduce dispersal in delivering 
funding to universities. Otherwise, universities should improve their performance in 
using government funding before request a fairer distribution in government funding. 

This paper aims to investigate efficiency of using GFA of Australian universities, 
using the stochastic frontier input requirements (SFIRs) within a stochastic frontier 
analysis (SFA) framework, holding other inputs constant in terms of the existing level of 
outputs in the production process of universities. This will provide further evidence on 
how well universities are in using GFA, given a recent claim about unfairness in 
distribution of government funding distribution (Heffernan, 2017). If Australian 
universities are doing well in using GFA at the current level, a difference in funding 
distribution among universities would not be attributed to inefficiency of using GFA in 
Australian universities. Instead, policy makers should reconsider the existing distribution 
funding model that was considered as complex and volatile among universities 
(Universities Australia, 2023; Heffernan, 2017). The contribution of the current study to 
the literature is multifarious. First, we investigate the overall technical efficiency (OTE) 
in utilising GFA of universities, using the SFIR model that very little is known before. 
This would provide a close look at how well universities perform GFA in an input space, 
ceteris paribus. Second, once the overall efficiency of GPA is decomposed into long-
term (persistent) (time-invariant) and temporary (time varying) efficiencies, it could 
generate different policy and managerial implications. The influences of exogenous 
factors on the GFA efficiency through temporary inefficiency are then examined to see 
whether universities can adjust to obtain their better performance. Finally, some 
suggestions on the overall efficiency of using GFA and fairness in the model of funding 
distribution among Australian universities are discussed. 

3 Methods of analysis 

This section presents the theoretical model of SFIR to estimate the overall efficiency of 
using GFA in Australian universities. Whilst SFA is well-known in estimating the 
efficiency of decision-making units and applied in various of sectors, very little is known 
about SFIR used to estimate the efficiency of using an input resource, assuming other 
input resources remain unchanged, given the existing level of outputs. This model is then 
decomposed into persistent inefficiency and temporary inefficiency and the effect of 
exogenous variables are investigated against the efficiency of using GFA in the context 
of the Australian higher education sector. 
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3.1 SFIR model 

In studies of higher education efficiency, it is widely found that several institutions of 
higher education fail to obtain the full efficiency because of excess capacity of using 
input resources including human and capital (physical and financial) resources (Castano 
and Cabanda, 2007; Worthington, 2001). Excess capacity refers to as the distance 
between the boundary output and actual output of institutions for their input vector (Fare 
et al., 1989; Morrison, 1999). Following Guan et al. (2009), excess capacity is considered 
as an output-orientated measure which estimates (in)efficiency with respect to all input 
jointly. In addition, in several studies of production, capacity implies to capital resources 
such as physical (e.g., plant and equipment) and financial (e.g., capital, subsidies) goods, 
does not refer to adjustable inputs (e.g., ingredients) used in the production process. 
Accordingly, these studies focused on measuring excess capital capacity – that is, 
institutions are able to use less capital to produce the same level of output, ceteris 
paribus. In this case, the input-orientated measure is utilised for estimating the 
performance of institutions. In this study, we aim to investigate the level to which 
technically inefficient universities are able to use less GFA in terms of the same level of 
output, keeping other input factors unchanged in the production process. GFA refers to 
Australian government grants, loans to students1, and others. 

Our analysis of technical (in)efficiency of GFA is based on the theory of a SFIR 
model which gives the least input quantity to produce a specified output level, keep the 
level of other inputs fixed (Diewert, 1974; Guan et al., 2009). This measure is 
advantageous that allows one to separately estimate the overall efficiency to the extent 
that GFA can be declined in an inefficient decision-making unit, assuming other input 
resources remain unchanged while moving the decision-making unit to its production 
frontier. 

A SFIR model is derived from the SFA in terms of an input of interest (Aigner et al., 
1977). In this paper, we use an integrated framework of SFA-based input requirement 
method to assess the performance of using GFA in universities. Two assumptions applied 
to this model include: 

1 unchanged characteristics of Australian public universities in the surveyed sample 

2 macroeconomics stability in Australia in a certain span of time. 

On top of that, we are aware of the endogeneity problem that may be the case if the 
output is correlated with one of inputs in the model. In order to treat this problem, the 
two-stage least squares (2SLS) model is employed for estimation. 

The equation of SFIR model is expressed as follows: 

( )0 , ,it it it it itG f y x v ω u= + + − −α β  (1) 

where G is the input of interest (in this paper, the amount of GFA of individual 
universities); α0 is a vector of common intercepts; f(y, xit; β) is the lowest amount of GFA 
to produce the output y, given other inputs xit; β is the estimated coefficient vector;  
i = 1, …, N represents N universities in the survey; t = 1, …, T denotes periods of time; vit 
is noise, ωit ≥ 0 denote persistent technical inefficiency; uit ≥ 0 represent time-varying 
inefficiency; and ωit + uit refer to technical inefficiency. 

Equation (1) can be rewritten as follow: 
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( )* * *
0 , ,it it it it itG f y x v ω u= + + − −α β  (2) 

where * *
0 0 ( ) ( ); ( );i it it it itE ω E u u u E u= − − = −α α  and * ( ).i i iω ω E ω= −  

Equation (2) is used to estimate the OTE, persistent inefficiency, and temporary 
inefficiency of using GFA (see Kumbhakar et al., 2014 for more detail). 

3.2 Estimation model 

The unknown GFA requirement frontier function is estimated by the following equation: 
32 2

0 1 2 0 00 01

3 3 3

1 1 1

ln ln (ln ) ln ln

1ln ln ln
2

it j jitj

j jit jl jit iit i it itj j l

G c c t c t y y y x

x x x v u

=

= = =

= + + + + +

+ + + + −


  

β β β

α α α
 (3) 

where Git is GFA; y is student numbers; xj=1 = academics numbers; and  
xj=2 = non-academic numbers, xj=3 = the annual expenditure, t and t2 are added to account 
for technical change over time. Given GFA estimated in its input space, the annual 
expenditure does not cover GFA. 

As stated earlier, we aim to estimate technical efficiency of GFA in a single input 
space, keep other inputs constant, given the current level of outputs. This allows us to 
measure overall efficiency of using GFA in Australian universities separately from other 
input resources, given the existing level of outputs. The endogeneity problem is 
considered, for example, output y and expenditure input, x3 are correlated. To avoid this, 
the 2SLS model is used to generate consistent estimates of the frontier parameters. 

Determinants of temporary technical efficiency (TTE) are estimated by the following 
equations: 

( ) ( )0 1 1 2 2 3 3 4 4 5 5 6 6 7 7exp expi i i i i i i iZ ω ω ω z ω z ω z ω z ω z ω z ω z′ = + + + + + + +  (4) 

( ) ( )0 1 1 2 2 3 3 4 4 5 5 6 6 7 7exp expi i i i i i i iZ γ γ γ z γ z γ z γ z γ z γ z γ z′ = + + + + + + +  (5) 

where z1 is the percentage of casual staff, z2 is the percentage of indigenous students, z3 is 
academic staff with level C, z4 is academic staff with level B, z5 is the QLD dummy  
(1 = universities located in Queensland state, 0 = others), z6 is the VIC dummy  
(1 = universities located in Victoria state, 0 = others), and z7 is the NSW dummy  
(1 = universities located in New South Wales state, 0 = others). 

4 Source of data 

Data are collected from DET (2019) for 37 Australian public universities during the 
period 2009–2016 in a panel structure. This dataset includes all public universities in 
Australia. The government assistance funding is the dependent variable in equation (3). 
This funding is granted every year for individual universities. The output of universities 
is total students (equivalent full-time student load) annually enrolled in universities. The 
research outputs are excluded here because no updated data are available for analysis. 
The further studies are suggested to add this variable in future. In addition to GFA,  
the other inputs needed for the production process of universities including full-time 
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equivalent (FTE) academic, non-academics and expenditure. Expenditure refers to 
operating costs of universities deflated by the 2009 dollars. A summary on variables is 
presented in Table 1. 
Table 1 Descriptive statistics of variables, 2009–2016 (n = 37) 

Variable Definition Mean Standard 
deviation Min. Max. 

Government 
funding 

Government financial 
assistance (including state 

and local government 
funding) (‘000) 

409,408 245,255 82,938 1,062,106 

Student numbers FTE total students 23,219 11,363 3,923 59,036 
Academic staff FTE total academic staff 1,037 575 179 2,676 
Non-academic 
staff 

FTE total non-academic staff 1,551 1,097 86 4,509 

Expenditure Total expenditure for 
academic operations (‘000) 

635,493 437,516 91,566 2,115,409 

Casual staff Proportion of casual staff 0.21 0.13 0.023 1.19 
Indigenous 
students 

Proportion of indigenous 
students 

0.014 0.012 0.0005 0.097 

Staff C level Proportion of C level staff 
and upper 

0.41 0.081 0.26 0.73 

Staff B level Proportion of B level staff 0.31 0.068 0.16 0.57 
QLD universities Dummy variable, 1 for QLD 

universities, 0 for others 
0.19 0.39 0 1 

VIC universities Dummy variable, 1 for VIC 
universities, 0 for others 

0.22 0.42 0 1 

NSW universities Dummy variable, 1 for NSW 
universities, 0 for others 

0.27 0.45 0 1 

As be observed in Table 1, on average, the amount of GFA was approximately  
409 million dollars; however, this figure varies greatly with the range from 83 to  
1,062 million dollars. The average number of students was 23,219 students enrolled 
every year. The total FTE non-academic staff is 1.5 times higher than the total FTE 
academic staff. Total expenditure is 635.5 million dollars used for annual academic 
activities. The proportion of casual staff accounts for 21% on average while the 
proportion of indigenous students is quite small, just 1.4%. The proportion of academic 
staff with C level and upper is 41% whereas the proportion of level B academic staff is 
lower at 31%. 

5 Estimated findings 

Table 2 demonstrates the estimated results based on the SFIR model. The instrumental 
variable regression with a pooled structure is used to treat the endogeneity problem and 
obtain unbiased estimates for the SFIR model. As can been from Table 2, the results 
show that total students are statistically positively related to the GFA amount at the 5% 
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level of significance. The significant effect of student numbers reveals that GFA, and 
student loads are concurrently determined in the production process. The estimated 
coefficient, 0ˆ 11.97,=β  indicates that a 1% increase in student loads is estimated to 
result in about a 12% increase in the GFA requirement, at the mean levels of the output 
and inputs. On the other hand, rises in academic staff numbers have negative impacts on 
GFA. The estimate, 1ˆ 8.9= −α  indicates that the one percent rise in academic staff leads 
to a 9% decrease in GFA on average, ceteris paribus. 
Table 2 Results of the stochastic input requirement frontier model 

Variables Parameters Coefficient Standard error Z value 
t c1 0.0023*** 0.00095 2.39 
t2 c2 –0.00019** 0.00010 –1.93 
lny β0 11.97** 6.26 1.91 
lnx1 α1 –8.9** 4.47 1.99 
lnx2 α2 0.060 0.38 0.16 
lnx3 α3 141.71 8.98 0.6 
(lny)2 β00 –3.33** 2.01 –1.66 
(lnx1)2 α11 –7.25** 3.39 –2.14 
(lnx2)2 α22 –0.074 0.17 –0.43 
(lnx3)2 α33 0.46 17.01 0.03 
lnx1lny β01 8.38** 3.93 2.13 
lnx2lny β02 –2.67 0.44 –0.61 
lnx3lny β03 –13.43** 6.00 –2.24 
lnx1lnx2 α12 –0.11 0.43 –0.27 
lnx1lnx3 α13 7.94 6.51 1.22 
lnx2lnx3 α13 0.40 0.47 0.84 
Constant c0 –3.70** 2.26 –1.65 
N 296 
Wald χ2 1,467 
p > χ2 0.000*** 

Note: *p < 0.05 and ***p < 0.01 at the one-tail test. 

Table 2 shows the results of the SFIR model with significant coefficients whilst Table 3 
presents the relationships between GFA and the student numbers and inputs. The partial 
derivatives of the logarithm of the number of GFA and the student loads, academic and 
non-academic staff numbers and the operating expenses, are functions of the logarithms 
of the student loads, academic and non-academic staff quantities and the operating 
expenditures. 

Firstly, it is found that the elasticity of GFA rises as student numbers go up; however, 
reduce when operational expenditure increases. This elasticity is positively associated 
with academic numbers at the 5% level. Secondly, the elasticity of GFA decrease as 
academic numbers increase, and this elasticity still keep decreasing when academic staff 
numbers increase over time. Third, the elasticity of GFA significantly rises as the student 
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number rises. It is interesting to see that non-academic number does not contribute to any 
change in GFA. 
Table 3 Summary on effects of variables on the GFA 

 Student 
numbers (y) 

Academic 
staff (x1) 

Non-academic 
staff (x2) 

Operating 
expenditures (x3) 

Student enrolments (y) +/– + – (ns) – 
Academics staff (x1) + – – (ns) + (ns) 
Non-academic staff (x2) – (ns) – (ns) – (ns) + (ns) 
Operating expenditures (x3) – + (ns) + (ns) + (ns) 

Note: ns: non-significance. 

Table 4 Determinants of temporary inefficiency and random errorsa 

Variables Parameters Coefficient SEb Z value 
Temporary inefficiency     
 Proportion of casual staff (z1) ω1 2.44** 1.26 1.93 
 Proportion of indigenous students (z2) ω2 29.50** 15.00 1.97 
 Proportion of level C and upper staff (z3) ω3 –15.48*** 5.17 –2.99 
 Proportion of level B staff (z4) ω4 –3.11 4.19 –0.74 
 QLD universities (z5) ω5 –0.28 0.65 –0.43 
 VIC universities (z6) ω6 –3.03 2.06 –1.47 
 NSW universities (z7) ω7 –0.57 0.49 –1.15 
 Constant c1 –0.07 2.51 –0.03 
Random terms     
 Proportion of casual staff (z1) γ1 –2.78** 1.30 –2.15 
 Proportion of indigenous students (z2) γ2 –43.76*** 15.51 –2.82 
 Proportion of level C academic staff (z3) γ3 2.79** 1.49 1.88 
 Proportion of level B academic staff (z4) γ4 1.17 1.67 0.70 
 QLD universities (z5) γ5 1.11*** 0.35 3.15 
 VIC universities (z6) γ6 1.08*** 0.37 2.90 
 NSW universities (z7) γ7 0.42 0.29 1.46 
 Constant c2 –6.91*** 1.07 –6.48 
Log likelihood 425 
p > χ2 0.01*** 

Notes: *p < 0.1, **p < 0.05 and ***p < 0.01. 
aUsing a chi-square test, the null hypothesis that all coefficients are equal to zero 
is rejected at the 5% level of significance. 
bThe standard errors (SEs) are presented correct to two-significant digits and the 
coefficients are presented to the same number of digits behind the decimal points 
as their corresponding SEs. 

Table 4 shows that there is significant association between temporary inefficiency and the 
proportion of casual staff. The estimated coefficient, ω1 = 2.44, shows that 1% increase in 
the number of casual staff leads to 2.4% decrease in temporary efficiency of universities. 
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Similarly, the positive effect of the proportion of indigenous students (ω2 = 29.5) reveals 
that the temporary efficiency would decline by around 29.5% with respect to every 1% 
increase in the number of indigenous students. By contrast, the proportion of academic 
staff with level C and upper contributes significantly to temporary efficiency at 15.5% for 
every 1% increase in the number of academic level C and upper staff. 

Table 5 shows the estimated results of the OTE, and persistent technical efficiency 
(PTE) and TTE. On average, Australian universities have an OTE of using GFA at 0.956. 
This index is established by PTE (0.982) and TTE (0.974). 
Table 5 Performance of using government assistance in Australian universities 

 Mean Standard deviation Max. Min. 
Overall 0.956 0.023 0.994 0.843 
PTE 0.982 0.010 1.000 0.958 
TTE 0.974 0.023 0.985 0.858 
Excess (‘000) 17,941 15,389 92,096 986 

Table 6 Efficiency scores of using government assistance funding, classified by regions 

 n Overall PTE TTE 
NSW 10 0.956 0.984 0.972 
VIC 8 0.958 0.981 0.976 
QLD 7 0.954 0.978 0.976 
WA 3 0.960 0.981 0.978 
SA 3 0.949 0.983 0.965 
TAS 2 0.963 0.983 0.980 
NT 1 0.958 0.981 0.977 
ACT 2 0.959 0.983 0.976 
Multistate 1 0.959 0.985 0.973 
Average 37 0.957 0.982 0.975 

Table 6 shows the technical efficiency of GFA in Australian universities classified by 
regions. As can be observed, Australian universities were generally doing quite well in 
the surveyed period in using their GFA regardless of their location. The GFA efficiency 
indices of universities at different states are different for the overall, PTE and TTE. The 
PTE is higher than the overall and TTE for all locations. However, the Pearson pairwise 
correlation revealed that TTE is positively correlated with OTE at the 1% level of 
significance (r = 0.802) whereas there is an insignificant correlation between PTE and 
OTE. This reflects the fact that TTE has driven the overall efficiency of universities in 
using GFA in the reported period. For example, PTE of universities in South Australia 
ranked third but their TTE ranked bottom, thus their OTE ranked bottom as well. The 
educational managers and policy makers should be aware of this to design more 
appropriate strategies in improving their GFA efficiency. 
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6 Discussion of findings 

In this paper, the performance of using government assistance funding granted to 
Australian universities is estimated in an input space, ceteris paribus. Using an integrated 
framework of SFA, our findings are comparatively consistent to the results in the 
literature (e.g., Abbott and Doucouliagos, 2003; Avkiran, 2001; Carrington et al., 2005). 
Technically, the efficiency of using GFA of Australian universities is relatively high at 
0.956. To obtain the full efficiency of unity, they still need to improve their performance 
by offsetting 4.4% of GFA, in which 1.8% comes from the persistent inefficiency and 
2.6% is from temporary inefficiency. In the work of Carrington et al. (2018), the authors 
indicate that X-factor for the sector is 1.76%, implying that universities should have a 
1.76% decrease in the government grants. Our result accords with the result of Carrington 
et al. (2018), meaning that the persistent inefficiency potentially reflects the X-factor of 
individual universities, e.g., management structure and/or leadership. Heffernan (2017) 
indicated that funding distribution to universities on per-student basis is inevitably 
without its faults due to a large change in student numbers across universities. For 
example, in 2016, ANU ranked top with government funding per student at $35,444 
whereas Federation University ranked bottom with government funding per student at 
$10,181 (Heffernan, 2017). This reveals a big difference between the group of eight 
(G08) university in the capital of Australia and a regional network university albeit our 
findings reveal that there is no significant difference between two universities in  
their overall efficiency of using GFA, 0.959 and 0.951, respectively. While vast 
differences that favour some universities more than others, the efficiency of using GFA 
would be an add-in indicator for assessment and distribution of public funding to 
universities, especially consequences of the COVID-19 pandemic causing the number of 
foreign students to plummet and competition to attract international students becoming 
more intensifying (Benner et al., 2022; Doidge and Doyle, 2022). 

The estimated results showed that the proportion of indigenous students and casual 
staff would affect the technical efficiency of GFA, making the amount of GFA increased. 
According to Norton and Cakitaki (2016), in 2014–2015, cost for indigenous students 
was estimated $102 million for 4,927 students. In early 2017, the Indigenous Student 
Success Program (ISSP) was established via an integration of three former programmes, 
the Commonwealth Scholarships Programme; the Indigenous Support Programme; and 
tutorial support provided under the Indigenous Advancement Strategy (National 
Indigenous Australian Agency, 2023). Under ISSP, the funding allocation for each 
university witnessed a growth during 2017–2023, averagely 1.4%/year with respect to 
3.4% increase in EFTSL indigenous students. As can observed that an increase in the 
proportion of indigenous students may cause a volatility in using GFA if individual 
universities have not been well prepared. However, demands for these factors are 
necessary to ensure social equity and balance teaching loads and maintaining net 
operating results that university managers should be aware of using efficiently their 
funding allocation. 

Using casual/sessional staff in teaching is ubiquitous in Australian universities  
and considered as a key strategy to reduce costs (Barrett, 2004; Ryan et al., 2013). 
Technically, sessional staff is hired not only because of financial efficiency but also 
because of their expertise in the field, for example nursing (Bodaka et al., 2019). 
However, recent research of Richardson et al. (2019) revealed that there is a notable  
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trend in relying on casual and education-focuses academics in universities whilst its 
effectiveness has not well documented. In 2019, almost 25% of academic work was 
accomplished by academic casual staff on a FTE basis, but this was not reflected in the 
total headcount number of casual academics, particularly in teaching roles (Lee et al., 
2022). Our findings showed evidence that increasing causal staff numbers could reduce 
the efficiency of using GFA of Australian universities, ceteris paribus. Thus, much 
resting on casual staff to generate cost-benefit effectiveness seems not to be always the 
case. Instead, the position of causal staff should be perused in terms of education quality 
and budget efficiency (Richardson et al., 2019). Australian universities should be aware 
of this to use efficiently and effectively casual workforce ensuring that talented casuals 
have opportunity to contribute to the future of university. 

On the other hand, the proportion of academic staff with C level and upper has a 
positive influence on the efficiency level of GFA. This implies that level-C and upper 
academics could contribute to the performance of universities via research outputs, e.g., 
publications, research funding and project grants. Put it differently, their scholar outputs 
could make GFA be used in an efficient manner through research activities of single 
universities. Graham (2015) revealed that in addition to teaching tasks, number of 
publications is a key measure of performance at both individual and institutional levels. 

Overall, it can be seen that Australian universities are doing well in using GFA and 
could reach the frontier if 4.4% of using GFA was reduced. This proportion is trivial 
given that the proportion of budget in reserve should be planned in process of academic 
operations. That is to say that, holding other things constant, the claim such as inadequate 
university funding (e.g., Bradley et al., 2008; Lomax-Smith et al., 2011), and demand for 
an increase in the government funding for universities’ operations seems to be related to 
fairness in funding distribution and the priority level of government to vital Australian 
universities (Heffernan, 2017), rather than their performance in using the government 
funding. For example, the average university persistent efficiency was 0.982, being quite 
high as compared with the operational efficiency of German universities at 0.73 on 
average (Gralka, 2018). Accordingly, the performance of institutions can be enhanced by 
1.8% in using GFA. Assumingly, the Commonwealth Grants Scheme (CGS)-based grants 
were valued at $6.6 billion (DET, 2014), then $118.8 million in 2013 dollars could 
potentially allocated appropriately. However, this does not refer to a decrease in the 
government grant to domestic students (Carrington et al., 2018). Notably, the basic 
operating grant is a part of the current funding arrangements that universities receive 
from the central and local governments. Therefore, government should consider more 
appropriate incentives to enhance the best practice of universities via research funding. 
As indicated in Carrington et al. (2018), the proposed efficiency dividend for CGS 
provides little motivation for inefficient universities to move forward. 

The findings of the current paper show that there is no significant difference in the 
OTE of using the GFA among university groups. These results imply that although 
classified into different groups, thus might receive different levels of government 
research funding, these groups including G08, regional university network (RUN), 
innovative research university (IRU) network, Australian technology network (ATN), 
and non-aligned universities (NAU), find it relatively efficient in using their government 
funding in terms of their operational size and research capacity. Details of the GFA 
technical efficiency for individual Australian universities are presented in Table A1 in 
Appendix. As can be observed that the efficiency scores of universities are comparatively 
high, being similar through all universities. Put it differently, bigger is not better in the 
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performance of using GFA in Australian universities. However, statistics on government 
funding showed that bigger is better in government funding distributed to university 
groups. For example, University of Sydney – one of G08 universities receiving the 
highest government funding, has the same score of efficiency at 0.957 as Victoria 
University does – one of NAU belonging to the group of receiving the lowest government 
funding. This implied that there is an unequal government funding distribution among 
universities although their efficiency scores in using GFA are the same, ceteris paribus. 

The analysis comes to a conclusion that bigger is not better in the performance of 
individual universities. Thus, most funding focusing on vital universities seems not to be 
an effective strategy to make Australian universities sustainable in their performance. We 
suggest that the efficiency index in using GFA of universities should be a necessary 
condition for policy makers in the process of funding distribution. In addition, once this 
process becomes more equitable, the overall efficiency of universities should be  
re-examined to see whether a fairer distribution of funding can assist to improve the 
overall efficiency of universities. 

7 Conclusions 

This paper develops a stochastic input requirement model to estimate the overall 
efficiency of using GFA in academic operations of Australian public universities in a 
SFA framework. This proposed model allows us to decompose the overall efficiency into 
persistent and temporary efficiencies, holding other inputs constant, given the existing 
level of outputs. Put it differently, the GFA efficiency is measured directly in the GFA 
input space, ceteris paribus. 

It is found that, on average, the overall GFA technical efficiency of universities is 
0.956. This indicator is decomposed into PTE of 0.982 and TTE of 0.974. The elasticity 
of GFA with respect to student numbers was estimated to significantly increase with 
increases in student numbers and with increases in academic staff but decreases with 
increases in operating expenses. The elasticity of GFA with respect to the number of 
academic staff was estimated to increase significantly with increases in the number of 
academic staff at the diminishing rate. It is interesting to note that there is a positively 
technical change in using GFA, but this trend has a diminishing rate over time. 

Regarding the influence of external factors on short-term inefficiency of the GFA 
usage, the findings revealed that the proportions of casual staff and indigenous students 
had a significant and negative effects, such that higher proportions of these factors 
reduced the efficiency level of GFA. In contrast, the proportion of level C and upper 
academic staff contributed significantly and positively to the GFA efficiency. Moreover, 
public universities located in Queensland and Victoria states had greater variation in 
using GFA than universities located in other states. This implies that higher volatility in 
student enrolments in these states may affect the efficiency of GFA. 

This study has contributed interesting findings to the literature of higher education 
efficiency through measuring the overall efficiency of GFA in Australian universities in a 
single input space, using the SFA framework that very little is known previously. Our 
findings support for discussion of Heffernan (2017) about equality in government 
funding distribution among Australian universities. That is, given that the performance of 
Australian universities in using the GFA is pretty good in the surveyed period, the reason 
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on inefficiency of using GFA of universities that could potentially affect efficiency and 
fairness in funding distribution can be excluded. In addition, we argue that bigger is not 
better in the performance of individual universities. Therefore, most funding focusing on 
vital universities seems not to be an effective strategy to make the Australian higher 
education sector sustainable in their performance. We suggest that the efficiency index 
measuring how efficient GFA of universities has been utilised should be a necessary 
condition in the process of funding distribution. This can contribute to more equal access 
to government funding, e.g., research funding and grant, thus could enhance university 
position in the world’s higher education standard not only for teaching, but for research 
as well. 

Albeit the present paper has provided insightful results in the context of using GFA of 
Australian universities, it contains the following limitations. Whilst generalisation of the 
SFIR model can be widely applied to various contexts to estimate technical efficiency in 
using an input resource, separating from other inputs given the existing level of outputs, 
future studies can improve our estimated model by accounting for research output, 
education quality and allowing persistent inefficiency to change over time. Although the 
current funding distribution model in Australian universities is known as complex and 
largely volatile among universities (Universities Australia, 2023), future studies can use 
our suggestion to propose an extended model for funding distribution in the Australian 
higher education by adding the efficiency index of using GFA into this model to improve 
equality and fairness in public funding distribution. 
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Notes 
1 Loans to students consist of loans to accommodations, tuition fees and student amenities. 

Appendix 

Table A1 Efficiency of using government funding in Australian universities (n = 37) 

Universities Overall PTE TTE 
Group of eight (G08) 0.956 0.982 0.973 
The University of Sydney 0.957 0.984 0.973 
University of New South Wales 0.960 0.983 0.977 
Monash University 0.961 0.983 0.977 
The University of Melbourne 0.959 0.979 0.979 
The University of Queensland 0.948 0.978 0.969 
The University of Western Australia 0.955 0.982 0.973 
The University of Adelaide 0.948 0.984 0.963 
The Australian National University 0.959 0.982 0.977 
Regional university network 0.955 0.982 0.972 
Charles Sturt University 0.955 0.984 0.971 
Southern Cross University 0.955 0.986 0.968 
The University of New England 0.956 0.983 0.972 
Federation University Australia 0.951 0.984 0.966 
CQUniversity 0.953 0.977 0.976 
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Table A1 Efficiency of using government funding in Australian universities (n = 37) 
(continued) 

Universities Overall PTE TTE 
University of Southern Queensland 0.953 0.979 0.973 
University of the Sunshine Coast 0.960 0.980 0.980 
Innovative research university 0.956 0.981 0.975 
Western Sydney University 0.947 0.981 0.966 
La Trobe University 0.964 0.984 0.980 
Griffith University 0.954 0.977 0.977 
James Cook University 0.954 0.977 0.977 
Murdoch University 0.958 0.981 0.976 
Flinders University 0.954 0.984 0.970 
Charles Darwin University 0.958 0.981 0.977 
Australian technology network 0.954 0.982 0.971 
University of Technology Sydney 0.964 0.985 0.979 
RMIT University 0.944 0.981 0.962 
Curtin University of Technology 0.966 0.982 0.984 
University of South Australia 0.952 0.980 0.971 
Non-aligned universities 0.959 0.982 0.977 
Macquarie University 0.954 0.984 0.969 
The University of Newcastle 0.966 0.986 0.979 
University of Wollongong 0.961 0.982 0.978 
Deakin University 0.951 0.983 0.968 
Swinburne University of Technology 0.963 0.978 0.984 
Victoria University 0.957 0.979 0.978 
Queensland University of Technology 0.954 0.976 0.978 
Edith Cowan University 0.966 0.981 0.985 
University of Tasmania 0.963 0.984 0.979 
University of Canberra 0.960 0.985 0.974 
Australian Catholic University 0.959 0.985 0.973 

 


