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Iv. Empirical Results

Table 1 presents the technical efficiency scores for the 37 universities from 2006 to 2009 and 
the mean score for the period. 

Universities with a technical efficiency score of unity are operating efficiently and lie on 
the production frontier. Under VRS, twenty universities are technically efficient and of these 
twenty, only fourteen are scale efficient which indicates that these universities are operating at 
their ideal scale of operations. Although the study focuses on VRS which measures only pure 
technical efficiency, scale efficiency can be derived from the CRS index which is composed of 
a non-additive combination of pure technical efficiency and scale efficiency. As explained by 
Färe, Grosskopf and Lovell (1994) that the VRS hypothesis decomposes technical efficiency 
into pure technical efficiency and scale efficiency. Hence scale efficiency is calculated from 
the ratio of efficiency scores of CRS/VRS.

One notable outcome from the mean score is that two of the eight G8 universities are not 
technically efficient – Australian National University (0.983) and University of Queensland 
(0.952). It is important to note that these scores are derived using a geometric mean of the 
data from 2006 to 2009 suggesting that scores are likely to be influenced by choice of years 
within the dataset. Since their scores are relatively close to unity it would suggest that the G8 
universities are on average technically efficient. From a scale efficient point, the G8 universities 
are more or less operating at their optimal size. Under scale efficiency, we note that poor 
performing universities include University of Sunshine Coast (0.585), Central Queensland 
University (0.663), University of Ballarat (0.684) and University of Southern Queensland 
(0.748). The results suggest that there is scope for these universities to expand and achieve 
economies of scale as indicated by their returns-to-scale (ie. irs). 

To analyse drivers of efficiency, we follow the two-step approach as suggested by Coelli, 
et al. (2005) by regressing the efficiency scores against a set of environmental variables of a 
non-discretionary nature. It is well documented in the DEA literature that the efficiency scores 
obtained in the first stage are correlated with the explanatory variables used in the second 
stage, which makes the second-stage estimates inconsistent and biased. Hence, the use of Simar 
and Wilson’s (2007) truncated regression analysis to overcome this problem. The estimated 
specification for the regression is expressed as:

θ i = ß0 + ß1Loadi + ß2Locationi + ß2Proportioni + ß4IGSi + εi	 (3)

where θ i  is the bootstrapped bias-corrected efficiency score, Load refers to actual student load 
factor, Location refers to whether the university is city based or non-city based, Proportion 
is the proportion of Associate Professors and Professors to total academic staff and IGS is the 
Institutional Grants Scheme. 

Given that the analysis is input-oriented with efficiency score θ ranging from 0 to 1, 
universities with scores of 1 are efficient and scores of less than 1 are relatively inefficient. 
Thus, variables with an estimated positive (negative) coefficient have a positive (negative) 
impact on efficiency.

Using the second-stage regression analysis, the results from Table 2 suggest that environ-
mental variables have a positive impact on the technical efficiency of universities, namely 
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DMU 2006 2007 2008 2009 CRS 
(mean)

VRS 
(mean)

Scale 
(mean)

Returns 
to scale

Charles Sturt University 0.729 0.779 0.714 0.642 0.669 0.741 0.903 irs
Macquarie University 0.994 1.000 1.000 1.000 1.000 1.000 1.000 crs
Southern Cross University 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
University of New England 1.000 1.000 1.000 1.000 0.968 1.000 0.968 irs
University of New South Wales 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
University of Newcastle 0.997 0.954 0.873 0.953 0.885 0.946 0.936 irs
University of Sydney 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
University of Technology, 
Sydney 0.914 0.883 0.821 0.763 0.822 0.831 0.989 irs
University of Western Sydney 0.886 0.730 0.852 1.000 0.874 0.906 0.965 irs
University of Wollongong 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
Deakin University 0.711 0.652 0.754 0.758 0.712 0.734 0.970 irs
La Trobe University 0.678 0.695 0.735 0.815 0.715 0.719 0.994 drs
Monash University 0.982 1.000 1.000 1.000 0.929 1.000 0.929 drs
RMIT 1.000 1.000 1.000 0.945 1.000 1.000 1.000 crs
Swinburne University of 
Technology 0.864 0.901 0.985 1.000 0.917 0.917 1.000 drs
University of Melbourne 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
University of Ballarat 1.000 1.000 1.000 1.000 0.684 1.000 0.684 irs
Victoria University 0.754 0.796 0.855 1.000 0.778 0.860 0.904 irs
Central Queensland University 0.874 0.832 0.850 0.913 0.572 0.862 0.663 irs
Griffith University 0.717 0.713 0.704 0.719 0.689 0.696 0.990 irs
James Cook University 0.662 0.753 0.799 0.842 0.709 0.758 0.935 irs
Queensland University of 
Technology 0.979 1.000 1.000 1.000 1.000 1.000 1.000 crs
University of Queensland 1.000 0.984 0.929 1.000 0.906 0.952 0.952 drs
University of Southern 
Queensland 0.654 0.707 0.703 0.791 0.534 0.715 0.748 irs
University of the Sunshine Coast 1.000 1.000 1.000 1.000 0.585 1.000 0.585 irs
Curtin University of Technology 0.928 1.000 1.000 1.000 0.990 1.000 0.990 irs
Edith Cowan University 0.743 0.854 0.898 0.912 0.771 0.867 0.889 irs
Murdoch University 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
University of Western Australia 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
Flinders University of South 
Australia 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
University of Adelaide 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
University of South Australia 0.850 0.752 0.762 0.838 0.747 0.797 0.938 irs
University of Tasmania 1.000 1.000 1.000 0.978 1.000 1.000 1.000 crs
Charles Darwin University 1.000 1.000 1.000 1.000 1.000 1.000 1.000 crs
Australian National University 0.946 0.962 1.000 0.967 0.978 0.983 0.995 irs
University of Canberra 0.846 0.847 0.984 0.851 0.736 0.901 0.816 irs
Australian Catholic University 1.000 1.000 1.000 1.000 0.925 1.000 0.925 irs

Table 1: Australian Universities Efficiency Scores, 2006-2009 (VRS)



boon l. lee

201

location of university, proportion of Associate Professors and Professors to total academic staff, 
and the amount of IGS awarded. Location of a university contributing positively to efficiency 
would suggest that universities located in metropolitan cities have more and better opportunities 
in research collaboration and having more appeal when offering research/academic positions 
due to location. The positive impact on the proportion of Associate Professors and Professors to 
total academic staff suggests that universities having more academics in these levels contribute 
more in research outputs. The amount of IGS based on previous years’ research performance 
contributes positively to efficiency suggesting that more funding awards perpetuate more 
research outcomes. Actual student load however contributes negatively to efficiency. The 
hypothesis is that more student numbers indicates less time on research activities thus reducing 
research performance, which the results concur. 

Variable Coefficient Confidence Interval
Lower bound Upper bound

Constant 1.6679* (2.9533) -4.1210 7.4560
Load -0.6159* (0.2931) -1.1837 -0.0349
Location 0.3958* (0.2359) -0.0669 0.8577
Proportion 0.9989* (0.8326) -0.6227 2.6411
IGS 0.1832* (0.1606) -0.1382 0.4913

Table 2: Truncated Regression

* Significant at 5% confidence interval; standard errors are shown in parenthesis; total number of 
iterations = 2000.

V. Conclusion

In this paper, a DEA bootstrapping model proposed by Simar and Wilson (2007) was employed 
to measure technical efficiency of Australian universities research performance for the period 
2006-2009. Bootstrap DEA scores derived in the first-stage analysis are regressed against a set 
of environmental variables using the maximum likelihood method to explain efficiency drivers.

 The technical and scale efficiency results derived in the first stage show that the G8 
universities are generally performing at their optimal level while the smaller and relatively 
newer universities have the potential to raise their scale of operations to achieve economies of 
scale. In the second stage analysis, efficiency drivers namely location of university, proportion 
of Associate Professors and Professors to total academic staff, and the amount of IGS awarded 
contributed positively to research efficiency while higher actual student load had a negative 
impact on research performance.

The current study contributes to the extant literature in Australian higher education by 
estimating the efficiency drivers using a bootstrap truncated regression approach proposed by 
Simar and Wilson (2007). The approach allows for better explanation of drivers of efficiency 
while simultaneously producing standard errors and confidence intervals for these scores. While 
efficiency scores derived for the period 2006-09 are recent findings on research performance 
of Australian university, it is still important to note that more work can be done by improving 
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on the study by introducing qualitative data. One such area is to consider the rankings of 
journals and average number of citations per journal in order to capture the qualitative aspect 
of journal publications which would then truly measure the performance of research in 
Australian universities.

References

Abbott, M. and C. Doucouliagos (2003). The efficiency of Australian universities: a data envelopment 
analysis, Economics of Education Review. 22: 89-97.

Alfonso, A. and M.S. Aubyn (2006). Cross-country efficiency of secondary education provision: A 
semi-parametric analysis with non-discretionary inputs, Economic Modelling. 23: 476-91.

Australian Research Council (2011). Excellence in Research for Australia 2010 National Report. 
Canberra: Commonwealth of Australia.

Avkiran, N.K. (2001). Investigating technical and scale efficiencies of Australian Universities through 
data envelopment analysis, Socio-Economic Planning Sciences. 35: 57-80.

Banker, R.D., A. Charnes, and W.W. Cooper (1984). Some models for estimating technical and scale 
inefficiencies in data envelopment analysis, Management Science. 30: 1078–92.

Banker, R.D. and R.C. Morey (1986). Efficiency Analysis for Exogenously Fixed Inputs and Outputs, 
Operations Research. 34: 513-21.

Barros, C.P. and A. Assaf (2009). Bootstrapped efficiency measures of oil blocks in Angola, Energy 
Policy. 37: 4098–103.

Barros, C.P. and P. Garcia-del-Barrio (2011). Productivity drivers and market dynamics in the Spanish 
first division football league, Journal of Productivity Analysis. 35: 5-13.

Bilodeau, D., P-Y. Crémieux, B. Jaumard, P. Ouellette, and T. Vovor (2004). Measuring Hospital 
Performance in the Presence of Quasi-Fixed Inputs: An Analysis of Québec Hospitals, Journal of 
Productivity Analysis. 21: 183–99.

Carrington, R., T. Coelli, and D.S.P. Rao (2005). The Performance of Australian Universities: Conceptual 
issue and preliminary results, Economic Papers. 24: 145-63.

Cave, M., S. Hanney, and M. Kogan (1991). The use of performance indicators in higher education. 
London: Jessica Kingsley Publishers.

Charnes, A., W.W. Cooper, and E. Rhodes (1978). Measuring the efficiency of decision-making units, 
European Journal of Operations Research. 2: 429-44.

Coelli, T., D.S.P. Rao, C.J. O’Donnell, and G.E. Battese (2005). An Introduction to Efficiency and 
Productivity Analysis. (2nd ed.). New York: Springer.

Essid, H., P. Ouellette, and S. Vigeant (2010). Measuring efficiency of Tunisian schools in the presence 
of quasi-fixed inputs: A bootstrap data envelopment analysis approach, Economics of Education 
Review. 29: 589–96.

Färe, R., S. Grosskopf, and C.A.K. Lovell (1994). Production Frontiers. Cambridge: University Press 
Cambridge.

Farrell, M.J. (1957). The measurement of productive efficiency, Journal of the Royal Statistical Society, 
Series A. 120: 253–90.

Flegg, A.T. and D.O. Allen (2007). Does Expansion Cause Congestion? The Case of the Older British 
Universities, 1994–2004, Education Economics. 15: 75-102.

Johnes, G. and J. Johnes (1993). Measuring the research performance of UK economics departments: 
application of data envelopment analysis, Oxford Economic Papers. 45: 332-48.

Muñiz, M.A. (2002). Separating managerial inefficiency and external conditions in data envelopment 
analysis, European Journal of Operational Research. 143: 625–43.

Nemoto, J. and M. Goto (2003). Measurement of Dynamic Efficiency in Production: An Application 
of Data Envelopment Analysis to Japanese Electric Utilities, Journal of Productivity Analysis. 19: 
191–210.



boon l. lee

203

Olson, K. and L. Vu (2009). Economic efficiency in farm households: trends, explanatory factors, and 
estimation methods, Agricultural Economics. 40: 587-99.

Ouellette, P. and V. Vierstraete (2004). Technological change and efficiency in the presence of quasi-
fixed inputs: A DEA application to the hospital sector, European Journal of Operational Research. 
154: 755–63.

Ray, S.C. (1991). Resource-Use Efficiency in Public Schools. A Study of Connecticut Data, Management 
Science. 37: 1620-28.

Ruggiero, J. (1996). On the measurement of technical efficiency in the public sector, European Journal 
of Operational Research. 90: 553-65.

Ruggiero, J. (1998). Non-discretionary inputs in data envelopment analysis, European Journal of 
Operational Research. 111: 461-69.

Simar L. and P. Wilson (2007). Estimation and inference in two-stage, semi-parametric models of 
productions processes, Journal of Econometrics. 136: 31-64.

Tomkins, C. and R. Green (1988). An experiment in the use of data envelopment for evaluating the 
efficiency of UK university departments of accounting, Financial Accountability and Management. 
44: 147-64.

Valadkhani, A. and A. Worthington (2006). Ranking and Clustering Australian University Research 
Performance, 1998-2002, Journal of Higher Education Policy and Management. 28: 189-210.

Worthington, A. and B.L. Lee (2008). Efficiency, technology and productivity change in Australian 
universities, 1998–2003, Economics of Education Review. 27: 285-98.

Worthington, A. and H. Higgs (2011). Economies of scale and scope in Australian higher Education, 
Higher Education. 61: 387-414.




