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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
Fire, 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:

51‘ = f3o + fB1Load; + f3Location; + f3,Proportion; + B4GS; + €; 3)

where éi 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 /GS is the
Institutional Grants Scheme.

Given that the analysis is input-oriented with efficiency score 0 ranging from O 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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Table I: Australian Universities Efficiency Scores, 2006-2009 (VRS)

DMU 2006 2007 2008 2009 CRS VRS Scale Returns
(mean) (mean) (mean) to scale

Charles Sturt University 0729  0.779 0.714 0.642 0.669  0.741  0.903 irs
Macquarie University 0994 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 0968 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 0997 0954 0.873 0953 0885 0946 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 0914 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 0970 irs
La Trobe University 0.678  0.695 0.735 0.815 0.715 0.719  0.994 drs
Monash University 0982 1.000 1.000 1.000 0929 1.000 0.929 drs
RMIT 1.000  1.000  1.000 0945 1.000 1.000 1.000 crs
Swinburne University of
Technology 0.86¢4 0901 0985 1.000 0917 0917 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 0913 0572 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 0979  1.000 1.000 1.000 1.000 1.000  1.000 crs
University of Queensland 1.000 0984 0.929 1.000  0.906 0952  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 0912 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 0967 0978 0983  0.995 irs
University of Canberra 0.846  0.847 0984 0.851 0.736 0901 0.816 irs
Australian Catholic University 1.000 1.000 1.000 1.000  0.925 1.000  0.925 irs
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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.

Table 2: Truncated Regression

Variable Cocfficient 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

* 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.
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