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ABSTRACT ARTICLE HISTORY
First-year attrition and on-time graduation are key challenges for Received 5 October 2020
contemporary universities, which determine their efficiency. Based Accepted 28 November 2021
on the benefit of the doubt approach, this study reports the effi-
ciency of the graduation process in 37 Australian public univer-
sities. The super-efficiency model extended by restrictions on - .

R . . . . graduation; graduation
\{lrtual weights is usec.i The propgsed model considers the attr_l- process efficiency; the
tion rate and the on-time graduation rate separately for domestic benefit of the doubt; data
and overseas students and other variables, like student-staff ratio, envelopment analysis
the share of full-time students and the share of online students.

Some additional factors are included, such as the university's affili- JEL CLASSIFICATION
ation with a grouping, the year of the university founding and C44; C67; 121

basic data on the subject mix of universities courses, explaining

the rankings created. The analysis indicates that research-oriented

universities achieve better results and overseas students perform

better than domestic ones. Also, it can be seen that the univer-

sities dealing with large-scale online learning are underperformed.

The obtained results allow all stakeholders to understand better

the efficiency of the graduation process. The main findings are

consistent with research published elsewhere.

KEYWORDS
first-year attrition; on-time

1. Introduction

Higher education policy has a clear trend towards massification for several decades.
There are many reasons for this. The observed increase in the number of students is
mainly due to political decisions. The World Declaration on Higher Education for
the Twenty-First Century positioned ‘higher education as a fundamental pillar of
human rights, democracy, sustainable development and peace’ (UNESCO, 1998). One
of the European Union strategic goals (EU, 2010) declares ‘increasing the share of the
population aged 30-34 having completed tertiary education to at least 40% in 2020.
Such regulations shape national policies that increase access to higher education. A
completely different view on the massification of higher education is presented by
Marginson (2016). In his opinion, ‘expansion of higher education is primarily
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powered not by economic growth but by the ambitions of families to advance or
maintain social position’. The increase in the scale of this phenomenon is global.
Between 1970 and 2016, the gross enrolment rate increased worldwide from 9.7% to
37.4%; in the Organization for Economic Co-Operation and Development (OECD), it
increased from 22.1% to 74.6%; and in the European Union (EU), it increased from
17.3% to 68.0% (World Bank, 2018). This trend has many positive implications, such
as the provision of high-skilled graduates for the knowledge economy. However, there
are also adverse effects, such as first-year attrition and graduation beyond the nom-
inal duration of studies.

Multiple factors can influence the non-completion of studies, such as the wrong
choice of programme or study subject or insufficient preparation to meet the require-
ments of the curriculum. Besides, favourable labour market opportunities can lead to
some degree of an early exit from a university education (EACEA, 2015; Schnepf,
2017; Yue & Fu, 2017).

Completion rate is recognised as the primary indicator of academic success,
which represents the share of students who started and completed their study pro-
gramme with a degree at some point in the future (Luca et al., 2014; Sneyers & De
Witte, 2017; Vossensteyn et al., 2015). However, on-time graduation is one of the
most crucial problems in higher education (Yue & Fu, 2017). Luca et al. (2014)
claim that in many cases, students extend the duration of their studies because
they combine education with a professional job. First-year attrition is another sig-
nificant indicator used to monitor failure in teaching (Chies et al., 2019; Sneyers
& De Witte, 2017). Barra and Zotti (2016) underline that interrupted careers have
become a severe problem in higher education in recent decades. These factors
contribute significantly to the inefficiency of higher education systems. For
example, in Australian universities, student attrition cost more than $1.4 billion a
year (Kirk & & others, 2018).

There are two methods to calculate completion rates. The true-cohort method
requires data about each student from entry to graduation or dropout. The second
method based on cross-sectional data uses the ratio of graduates in a given year and
the new entrants to these programs accepted several years earlier. Such a period can
be equal to the nominal duration of studies (on-time graduation) or prolonged by
one additional year (or two years) (EACEA, 2015; OECD, 2013; Sneyers & De Witte,
2017; Vossensteyn et al., 2015). The true-cohort survey was performed in some coun-
tries, for instance: in Italy (Chies et al., 2019), the USA (Chen et al., 2017; Yue & Fu,
2017) or Australia (DET, 2018).

The Australian Department of Education and Training (DET), based on 6-year
completion rates, established a ranking of universities for the cohort that started stud-
ies in 2010 and completed them in 2015 (University Rankings, 2015). Such research
is conducted systematically in Australia. However, it concerns only domestic students.
The specificity of the Australian higher education system is that it is focused on the
broad provision of educational services to international students. In the sample, over-
seas students accounted for approximately 25% of all students. Thus, the true-cohort
studies conducted so far have omitted a quarter of the students. It is the main gap in
the previous research which this article tries to fulfil.
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This article aims to propose an alternative to the true-cohort method to analyse
the study success of bachelor students using a multidimensional model based on his-
torical cross-sectional data. This model considers first-year attrition, on-time gradu-
ation rates, and other factors influencing these two phenomena. Both domestic and
overseas students are taken into account independently. The following research ques-
tions guide the research: Is it appropriate to independently include domestic and
overseas students in the model? Is the use of cross-sectional data free of bias com-
pared to a true-cohort method? Is it possible to find factors that would explain the
positions of individual universities in the ranking? Are obtained results comparable
to the results of other researches?

This paper analyses and assesses the performance of all 37 Australian public uni-
versities in the context of academic success. This research contributes to the literature
by addressing the measurement possibilities of university efficiency, taking into
account the extent of attrition and graduation after the nominal time of the study.
The proposed framework helps all stakeholders of higher education institutions better
understand the performance of the graduation process. In the ranking of Australian
universities, it is essential to include the share of overseas students, which gives a bet-
ter picture of the efficiency of the graduation process in individual universities. The
multidimensional model uses historical cross-sectional data that takes into account
both domestic and overseas students. Using the benefit of the doubt approach (BoD),
this paper focuses on the impact of undesirable factors (attrition and failure to gradu-
ate in nominal duration) on the efficiency of Australian public universities.
Calculations were performed using MaxDEA Ultra software (version 6.18).

The remainder of this paper is organised in the following manner. The literature
review is outlined in Section 2. Section 3 explains the data and variables. Section 4
presents some information about the methodology. Empirical results and discussion
are presented in Section 5. Section 6 concludes.

2. Literature review

Universities are complex, multiproduct organisations. Their three areas of activity are
research, teaching and the so-called third mission. According to Murias et al. (2008),
the third mission is broadly defined as fulfilling social needs. These social services
usually take the form of knowledge transfer, cultural events or consultancy, and the
like. However, it is challenging to identify proper measures for the third mission, and
therefore few publications take this into account (Agasisti & Johnes, 2015).
Furthermore, higher education institutions jointly produce research and teaching in
different fields and at different levels, making it difficult to assess the performance of
these activities. Often, a university that works well in one dimension may worsen in
another (Agasisti & Johnes, 2015), as universities often have a clear research focus or
specialise in teaching (De Witte & Hudrlikova, 2013).

The debate on the relationship between teaching and research has been longstand-
ing, and in the opinion of De Witte et al. (2013) is controversial. Leitner et al. (2007)
found an ambiguous relationship between teaching and research efficiency in their
study of natural and technical faculties at Austrian universities. Johnes (1996) agree
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that, for simplicity, the performance of universities are analysed separately in the field
of teaching and research. Such separate analysis is possible based on the assumption
that both types of outputs are independent and have distinct funding mechanisms.
This concept is also confirmed by Agasisti (2011), who focused his study of higher
education only on the teaching dimension, with the research dimension overlooked
to allow a more coherent comparison. De Witte et al. (2013), based on an analysis of
thirty studies published by various authors, conclude that the vast majority of them
prefer the hypothesis that teaching and research are not intertwined.

Completion rates are influenced by academic selectivity in the teaching process
and the selectivity in the admission procedures. Some universities may choose to treat
the first year of studies as an additional selection mechanism that ensures selecting
only the best students, which, consequently impacting the higher first-year attrition
rate (Sneyers & De Witte, 2017). Miti¢ and Moji¢ (2020) also emphasise the impact
of the criteria for choosing a study program by students on the effectiveness of higher
education systems. Kenny (2008) points out the difference between effectiveness and
efficiency. Efficiency measures how well organisations perform activities and effective-
ness how well an organisation is achieving its strategic goals. There is the risk that
the drive for efficiency reduces effectiveness and lowers the quality of teaching and
learning. According to Cibdk et al. (2021) quality education for students is an oppor-
tunity to develop the skills and knowledge at the high level that our societies require.

Barra and Zotti (2016) state that high dropout rates may signify that university
systems fail to meet the expectations of their students or those young people are
using universities as a convenient place to pass a year or two before getting on with
their lives. This behaviour is characteristic of a mass access system without selection
at the entrance and a high unemployment rate among youth. However, it should be
viewed as an inefficient use of public resources, as a significant number of students
leave the higher education system without having reached at least the first level of
higher education.

According to research based on the true-cohort method conducted in the
European Higher Education Area, completion rates range from 48% in Sweden to
88% in Turkey (EACEA, 2015). While for Australian public universities analysed in
this article, the completion rate, based on the 6-year true-cohort study, for domestic
students is 63.6%. The values for individual universities range from 36.4% to 87.7%
(University Rankings, 2015). However, there is no information about overseas stu-
dents in this survey.

According to Chen et al. (2017), most existing publications about data envelop-
ment analysis (DEA) applications on university performance evaluation focus on
rankings, productivity and efficiency assessment. To the best of their knowledge, few
studies consider the problem of graduation rates at universities. Several authors have
investigated issues of completion and dropout in various contexts, such as labour
market (Schnepf, 2017), PhD programmes (Bolli, Agasisti & Johnes, 2015), inter-
national students (Jung & Kim, 2018) or the implementation of the Bologna Process
(Agasisti & Haelermans, 2016; Chies et al., 2019). Vossensteyn et al. (2015) stress that
research in this area faces difficulties due to the lack of data and indicators that
would make it possible to measure academic success.
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3. Australian higher education system and data description
3.1. Description of the Australian higher education system

Before describing the data, a short description of the Australian higher education sys-
tem is presented (Norton, 2019; Williams, 2019). This system consists of 37 public
universities, three private universities, two foreign universities and 130 other educa-
tion service providers. Since the mid-1970s, the Federal Government has provided
most public funding for universities, despite education being a state matter.

The funding system of Australian public universities has changed over the past
35years (Norton, 2019). Initially, it was a supply-driven system where the
Government set the number of undergraduate students in total and at each university
and funded it through block grants. However, individual universities decided which
courses to offer and which students to choose. Since 2012, when the demand-driven
financing system was fully introduced, Universities have had an unlimited number of
undergraduate places for which they have received funding. This was the primary rea-
son for the increase in the participation rate in Australia’s public higher education
system. However, since 2017, a withdrawal from the demand-driven system and a
return to the supply-driven system was observed. This was done to lower
Government spending, assuming that the subsidy in the following years will be frozen
at the level of 2017. Norton (2020) concludes that demand-driven funding was the
policy trigger for rapid enrolment increases in Australia between 2009 and 2014. In
summary, the increase in enrolment rate is mainly due to political decisions, as in
other countries, e.g., Poland.

The globalisation of the world economy causes growth of the rate of international-
isation of studies, practically in all countries. However, Knight (2015) states that
internationalisation offers many benefits to higher education and severe risks to the
international dimension of higher education. The most important benefits are more
internationally oriented staff and students and improved academic quality. At the
same time, little evidence exists that internationalisation is seen as a profit-making
enterprise for most universities around the world. The most critical risks are the com-
mercialisation and commodification of educational programs and the increase in the
number of foreign ‘degree mills’ and low-quality suppliers.

Jiali and Jamieson-Drake (2013) studied the social aspects of internationalisation,
indicating that international interactions were consistently and positively correlated
with the attainments of domestic students who interacted extensively with overseas
students. A higher level of involvement in classes and wider contacts with lecturers
was observed. To maximise the benefits, new initiatives are needed to foster more sig-
nificant interaction between cultures.

Competition between providers is driven by the desire to attract international stu-
dents and the best domestic students. International students are an essential source
of revenue.

International rankings are significant for Australian universities as they influence
the choice of universities by international students. As these rankings are based heav-
ily on research performance, most Australian universities highly value research activ-
ities. Research activities are subsidized from the income obtained from educating
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international students, which contributes to improving the position in the inter-
national rankings (Williams, 2019).

Total education services revenue in 2017 was $32 billion. Between 2017 and 2018,
higher education exports totalled $22.2 billion and accounted for 5 per cent of
Australia’s total exports.

Domestic undergraduate students in public universities are financed by a mix of
Federal Government funding (around 60 per cent) and private contributions (around
40 per cent) through an income-contingent loans scheme. At the discipline level, the
subsidy to domestic undergraduates varies from 16 per cent for Law and Commerce
to around 70 per cent for Agriculture and Health.

Overseas students paying full tuition do not receive funding, just like domestic stu-
dents who can defer their tuition payments with HELP income-dependent loans
(Norton, 2019). Instead, overseas students’ fees are governed by market forces (only a
floor price is defined). The median fees charged to international students who grad-
uated with an undergraduate degree in 2018 ranged from $27,500 to $34,000 per
year, depending on the discipline studied. Prices also vary greatly depending on the
university’s reputation (Norton et al., 2018).

In 2015, 1,289,700 students were attending these universities (4.4% doctorate,
22.8% postgraduate, 68.7% undergraduate). Students are diversified according to the
type of attendance (71.2% full-time, 28.8% part-time), the citizenship of students
(24.6% overseas students), and the mode of attendance (74.3% on-campus, 15.1% off-
campus and 10.7% multimodal). The type of attendance, students’ citizenship, and
the mode of attendance are potential causes of differences in the efficiency of the
graduation process.

3.2. Data

Data from all Australian public universities published by the Australian Department
of Education and Training (DET, 2017), which provides all information on the per-
formance of the Australian higher education system, are used. Table 1 present the list
of universities included in the survey.

Based on the literature review, some basic factors determining academic success are
selected. These factors were partly introduced into the model directly, as well they were
taken into account in the discussion of the results. The on-time graduation rate and the
first-year attrition rate are treated as the primary measures of academic success, taking
into account domestic and overseas students separately. This approach is justified because
overseas students pay full tuition fees (Abbott & Doucouliagos, 2009); thus, their motiv-
ation to graduate on time is greater than their domestic counterparts, whom the
Government largely subsidises. Abbott and Doucouliagos (2009) confirm that the impact
of overseas students on technical efficiency in Australian universities is robust. Factors
such as the share of full-time students, the share of internal students and the staff-student
ratio were also considered. These factors increase the likelihood of academic success.

The analysis is limited to bachelor’s studies, as these students constitute the largest
group (67.7% of all students), and it is only for these studies that complete data
related to the attrition rate are available (DET, 2017). The starting point is the
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Table 1. The list of universities.

University name" Abbreviation"
Australian Catholic University ACU
Australian National University ANU
Central Queensland University cQu
Charles Darwin University cbu
Charles Sturt University csu

Curtin University of Technology CURTIN
Deakin University DEAKIN
Edith Cowan University ECU
Federation University FEDUNI
Flinders University of South Australia FLINDERS
Griffith University GRIFFITH
James Cook University Jcu

La Trobe University LATROBE
Macquarie University MACQUAIRIE
Monash University MONASH
Murdoch University MURDOCH
Queensland University of Technology QuT

RMIT University RMIT
Southern Cross University SCu
Swinburne University of Technology SWINBURNE
University of Adelaide ADELAIDE
University of Canberra CANBERRA
University of Melbourne MELBOURNE
University of New England UNE
University of New South Wales UNSW
University of Newcastle NEWCASTLE
University of Queensland uQ
University of South Australia UNISA
University of Southern Queensland usQ
University of Sydney SYDNEY
University of Tasmania UTAS
University of Technology Sydney UTsS
University of the Sunshine Coast usc
University of Western Australia UWA
University of Wollongong uow
Victoria University VU

Western Sydney University Uws

T Names and abbreviations retrieved from http://www.australianuniversities.com.au/list/.
Source: Prepared by the author.

number of students who commenced their studies in 2011 (266,839 candidates) and
completed the study in 2015 (170,536 graduates). About 25% of them was overseas
students. The average share of part-time bachelor’s students in 2015 amounted to
30.6%, ranging from 17% to 60% of all students in the case of individual universities.
According to OECD (2013) opinion, full-time students are more likely to complete
their education than part-time ones. However, in universities providing distance
learning, dropout rates are higher (Zhang & Worthington, 2017). Therefore, this issue
is a significant problem for the Australian higher education system, as only 74% of
students study in the internal mode.

Two groups of important indicators for evaluating the teaching process in the con-
text of the paper’s aim are defined. The first one refers only to bachelor’s students.
The second uses data on all students due to the lack of data on bachelor’s students
studying full-time or in the internal mode. Information on the number of teachers
involved in the bachelor’s teaching process is also missing. These indicators are prox-
ies for the characteristics of bachelor’s students.
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Table 2. Descriptive statistics of indicators for the 37 universities.

Descriptive statistics

Variable Description MEAN SD MIN  MAX
ATTR_D The attrition rate for domestic students (bachelors study) 0.201 0.063 0.085 0.331
ATTR_O The attrition rate for overseas students (bachelors study) 0.100 0.043 0.041 0.225
GRAD_D The graduation rate for domestic students (bachelors study) 0.618 0.132 0.389 0.932
GRAD_O The graduation rate for overseas students (bachelors study) 0.638 0.165 0.167 0.968
FULL_TIME  The share of full-time for all students (a proxy for bachelor study) 0.694 0.107 0.402 0.828

INT_MODE  The share of internal mode for all students (a proxy for bachelor study) 0.708 0.265 0.093 0.986
STUD_STAFF The student-staff ratio for all students ( a proxy for bachelor study) 220 33 148 276

Source: author’s calculations.

For bachelor’s studies, four indicators are defined: the attrition rates for 2011
(defined as the share of students enrolled in a bachelor’s course in 2011 who did not
complete their first year of studies and did not register for the second year) for
domestic (ATTR_D) and overseas (ATTR_O) students and the graduation rates (cal-
culated as the ratio of the number of graduates in 2015 to the number of students
commencing in 2011) for domestic (GRAD_D) and overseas (GRAD_O) students.
The separate variables for domestic and overseas students are justified by the differ-
ence in the values, as shown in Table 2.

Based on data from 2015, three indicators for all students are formulated:
FULL_TIME—the share of full-time students; INT_MODE—the share of students
studying in the internal mode; and STUD_STAFF—the student-staff ratio. Table 2
present the descriptive statistics of all indicators.

The condition ‘the more, the better’ must be fulfilled for all the output variables
(Cook et al., 2014). To meet this condition, the attrition rates for domestic and overseas
students (ATTR_D and ATTR_O) are converted to 1-ATTR_D and 1-ATTR_O. Also,
STUD_STAFF indicator, the student-staff ratio, is turned into the staff-student ratio. After
this transformation, all the variables included in the model meet the postulated condition.

4, Methodology

Composite indicators (ClIs) based on DEA are a remarkably useful tool in policy ana-
lysis (Guaita Martinez et al., 2021). They are also the commonly used method in perform-
ance analyses of higher education institutions (De Witte & Hudrlikova, 2013). CIs allow
the aggregation of multiple sub-indicators into a single measure, enabling comparing
many objects according to their multidimensional characteristics. In addition, Cls integrate
large amounts of information in a form that is easy to interpret (Shen et al,, 2011).

Some features of DEA make it especially attractive for the construction of a CI
(Murias et al., 2008). Benchmarking enables the measurement of performance against
real data. The best performance is not a theoretical and abstract concept but is deter-
mined by observing the best performer. DEA is the most appropriate method for
aggregating sub-indicators because it determines weights endogenously and differenti-
ates their values for all analysed units.

Cherchye et al. (2007) popularised the use of DEA to construct CIs. This approach,
known as the BoD-CI construction, is equivalent to the input-oriented DEA model,
assuming constant returns to scale, proposed by Charnes et al. (1978). The main
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difference between the original DEA model and the BoD approach is that the BoD-CI
construction examines only achievements without considering the input side (Cherchye
et al, 2007). As a result, all sub-indicators are the outputs, and the only input is the
dummy variable equal to 1 for all objects. In this sense, the dummy input for each object
Koopmans (1951) interpreted as the ‘helmsman’, which accomplishes specific goals corre-
sponding to different sub-indicators (Murias et al., 2008). The super-efficiency procedure,
proposed by Andersen and Petersen (1993), is used to obtain a ranking of fully efficient
objects. The maximisation problem, which is the input-oriented model with constant
returns to scale, can be written for each object k in a linear form as follows:

m

Clx = max,,, E WikYik

i=1
L (1)
subject to E wiyii <1 for j=1,..,n, j#k
i—1
wg >0fori=1,...,m

where CI;, is the value of the CI for object k; wy is the weight of sub-indicator i for
object k; y; is the value of sub-indicator i for object k; n is the number of objects
incorporated into the analysis, and m is the number of sub-indicators.

Nevertheless, DEA, like other methods, has some disadvantages. One of its main
drawbacks is the full flexibility of weighting determination, which can assign zero
weights to some of the sub-indicators described. Zero weights may result in basing
global performance on a small subset of sub-indicators (Cherchye et al., 2007).

Weight restrictions should be added to equation (1) to avoid this problem (Angulo-
Meza & Lins, 2002; Cherchye et al., 2007). The virtual weight restrictions first proposed
by Wong and Beasley (1990) are adopted by entering the following limitations into the
model (1) for each output (Angulo-Meza & Lins, 2002; Zanella et al., 2015):

4 < el — < f, @
Wi
where o; and f; are the lower and upper bounds, respectively, for output i.

The specification [x;, f;] is a value judgement. Such judgements indicate that
according to the opinion of the decision-maker, the model better represents the mod-
elled phenomenon because such restrictions are imposed (Wong & Beasley, 1990),
and the model’s discriminatory power is improved (Angulo-Meza & Lins, 2002). The
application of weight restrictions requires the classic model to be run without restric-
tions to determine the initial weight dimension for each output and to apply restric-
tions accordingly. If the results of a constrained model prove infeasible, then the
constraints should be relaxed until the infeasibility disappears (Angulo-Meza & Lins,
2002). According to Sarrico and Dyson (2004), imposing restrictions on the virtual
weights of outputs requires using an output-oriented model. The output-oriented
DEA models with constant returns to scale give the same efficiency scores as input-
oriented ones (Van Puyenbroeck, 2018; Zanella et al., 2015).
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5. Results and discussion

The calculations using two models based on the same data set were performed: the
basic BoD model described by equation (1) and the second BoD-R model with additional
weights restrictions described by equation (2). The efficiency scores and positions in the
ranking and the other indicators used to interpret the results are presented in Table 3.

Table 3. Rankings of Australian universities using the proposed approach (in descending order
according to the BoD-R model).

BoD BoD-R
University Score  Rank Score Rank  Group Year  Online students Science Health OVERSEAS
MELBOURNE  1.134 2 1.116 1 Go8 1853 0.014 0.362 0.110 0.288
ANU 1.078 3 1.059 2 Go8 1946 0.012 0.248 0.025 0.202
MURDOCH 1.151 1 1.058 3 IRU 1973 0.122 0.217  0.086 0.446
UWA 1.052 4 1.026 4 Go8 1911 0.003 0.500 0.083 0.172
uQ 1.025 5 1.008 5 Go8 1909 0.032 0.357 0.202 0.169
UNSW 1.015 6 1.005 6 Go8 1949 0.047 0.443 0.069 0.189
MONASH 1.014 7 0993 7  Gos8 1958 0.084 0.294  0.150 0.342
RMIT 1.002 10 0.993 8 ATN 1887" 0.013 0.321 0.054 0.450
SYDNEY 1.010 8 0.991 9 Go8 1850 0.031 0.264 0.238 0.185
ADELAIDE 1.006 9 0.983 10 Go8 1874 0.012 0.372 0.168 0.182
uow 0.990 14 0967 1 19517 0.028 0.253  0.103 0.315
uTs 0.984 16 0.960 12 ATN 1965" 0.014 0.347 0.091 0.185
usc 0.995 12 0.950 13 1995" 0.008 0.151 0.261 0.075
QuT 0.976 17 0.946 14 ATN 1882" 0.106 0.273 0.161 0.103
FLINDERS 0.973 18 0944 15 IRU 1966 0.124 0.146  0.307 0.083
LATROBE 0.965 21 0.929 16 IRU 1965 0.039 0.150 0.280 0.147
FEDUNI 0.996 " 0.928 17 18717 0.032 0.292 0.084 0.330
VU 0.986 15 0.926 18 1992 0.021 0.117 0.174 0.273
CURTIN 0966 20 0919 19 AIN 1967" 0.159 0.271 0.181 0.295
MACQUAIRIE  0.968 19 0.903 20 1964 0.086 0.156 0.054 0.142
uws 0.928 30 0.902 21 1989 0.024 0.204 0.178 0.061
GRIFFITH 0.948 26 0.898 22 IRU 1971 0.071 0.179 0.154 0.153
Jcu 0935 29 0893 23 IRU 1970 0.096 0.186  0.292 0.198
ACU 0913 33 0.888 24 1850" 0.110 0.011 0.400 0.082
UNISA 0.956 23 0.886 25 ATN 1991 0.187 0.217 0.226 0.156
SWINBURNE  0.936 28 0.886 26 1908" 0.389 0.282 0.009 0.180
DEAKIN 0964 22 0882 27 Online2 1974 0.266 0.186  0.185 0.109
NEWCASTLE ~ 0.923 31 0.879 28 1965 0.163 0.225 0.216 0.117
CANBERRA 0.940 27 0.867 29 1967" 0.035 0.182 0.155 0.164
ECU 0.955 24 0.849 30 Online 5 1902° 0.220 0.149 0.209 0.125
UTAS 0870 36 0805 31 1890 0.383 0.184  0.283 0.142
SCU 0.912 34 0.795 32 1970" 0.400 0.102 0.152 0.120
(&Y} 0.904 35 0.792 33 Online 3 1990 0.597 0.161 0.162 0.120
[@b]V] 0.922 32 0.777 34 IRU 1974" 0.574 0.110 0.265 0.179
usQ 0952 25 0710 35 Online4 1967° 0.698 0.259  0.086 0.088
cQu 0.847 37 0.670 36 1967" 0.547 0.222 0.233 0.070
UNE 0.994 13 0.658 37 Online 1 1938" 0.819 0.163 0.089 0.022
MEAN 0.975 0.909 0.177 0.231 0.167 0.180
SD 0.061 0.102 0.220 0.098 0.087 0.099
MIN 0.847 0.658 0.003 0.011 0.009 0.022
MAX 1.151 1.116 0.819 0.500  0.400 0.450

*. The institution or its main predecessor first started operating as an educational facility prior to it commencing
operations as a university.

Definitions of the headings of the columns: BoD - efficiency scores and positions in ranking based on BoD model;
BoD-R - efficiency scores and positions in ranking based on BoD model with weight restrictions; Group - affiliation
with a grouping; Year - the year of the university founding; Online students — the share of students studying online;
Science - the share of students studying in Science programmes; Health — the share of students studying in Health
programmes; OVERSEAS - the share of overseas students.

Source: author’s calculations.
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The model was validated for domestic students based on completion rates calcu-
lated using the true-cohort method. Such validation aims to check the compliance of
the results from the proposed model with the true-cohort method. Since the results
of the true-cohort studies are published only for domestic students, a new ranking
that considers only domestic students was created by modifying the data structure of
the BoD-R model. The variables ATTR_O and GRAD_O (attrition rate and on-time
graduation rate), which characterise overseas students, were omitted from the calcula-
tions (‘BoD-R Domestic’ model). In the next step (‘true-cohort Domestic’ model), in
the modified BoD-R model, the GRAD_D variable was changed to the variable with
the values from the cohort study - the completion rate for the cohort that started
studies in 2010 and finished them in 2015 (Completion Rates 2018). The results from
the two modified models, ‘BoD-R Domestic’ and ‘true-cohort Domestic’, were com-
pared. The calculated correlation coefficient of the efficiency scores for these two
models is 0.988, indicating very high compliance of both models, confirming the use-
fulness of the proposed concept.

The BoD-R model has higher discriminatory power, as demonstrated by the
results. Despite some differentiation, the results from both models are highly posi-
tively correlated (0.78), which confirms a high convergence of results.

In the case of the BoD model, there is no university where all variables have non-
zero weights. For as many as 17 universities, only one variable had a non-zero weight,
and for 11 universities, two variables. Thus, for the vast majority of universities,
many variables were omitted from the calculations. This omission is the fundamental
premise for supplementing the model with additional weight restrictions.

The positions of universities in the two rankings differ due to the different weight-
ing schemes. After introducing weight restrictions, nineteen universities improved
their positions in the ranking, four universities retained their positions, and the posi-
tions of fourteen universities dropped. For the five universities that fell the most in
the ranking, the BoD model had only one non-zero weight in four cases, and for one
university, there were two non-zero weights.

The descriptive statistics (Table 2) show the differences between domestic and
overseas students, confirming the desirability of including these two groups in the
model independently. In addition, these two groups also increase the model’s flexibil-
ity by making it possible to create rankings separately for domestic and over-
seas students.

Some additional information in the interpretation of the results is included, such
as the university’s affiliation with a grouping, the year of the university founding, pri-
mary data on the subject mix of university courses, and overseas students’ participa-
tion, which allow explaining the rankings created.

There are four active university groupings in Australia (GROUPS, 2018): the
Group of Eight (Go8), the Australian Technology Network (ATN), Innovative
Research Universities (IRU) and the Regional Universities Network. These groupings
act to promote the common objectives of the member universities. Three of them are
included in the interpretation of the results. The Go8 includes Australia’s leading
research universities. The ATN is a coalition of universities focused on the practical
dimension of teaching and research. The first two groupings are mostly universities
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with long traditions dating back to the nineteenth century and the first half of the
twentieth century. The IRU includes research universities founded in the 1960s and
1970s. Also, the top five universities from the Online University Rankings list are
included (ONLINE, 2018). None of these five universities belongs to the
above groupings.

The top ten universities in the BoD-R ranking includes all universities from the
Go8, one from the ATN and one from the IRU grouping. The second ten includes
three universities from the ATN grouping and two from the IRU grouping.
Practically all universities provide online education, but the share of external students
varies greatly, from 0.3% to 81.9% of all students. Universities that carry out online
teaching on a large scale are, in most cases, ranked at the bottom of the ranking
(from 25th place). The two exceptions are MONASH (belonging to the Go8), ranked
7th, 8.4% of students studying online, and CURTIN (belonging to the ATN), ranked
19th, with 15.9% of students studying online. UNISA ranked 25th, also belongs to the
ATN grouping and has 18.7% of students studying online.

Based on this analysis, it can be concluded that universities with a strong research
focus achieve the best results. Also, it can be seen that the universities where students
have direct contact with teachers perform better, while the universities dealing with
large-scale online learning are at the bottom of the rankings. For example, UNE has
82% of students studying online and is ranked last. However, it is ranked first in the
top five online universities (ONLINE, 2018) (mainly due to its comprehensive and
attractive educational offer).

There is a significant positive correlation (0.51) between the efficiency scores of
universities and the share of students studying in science programmes. Thus, the
higher the share of science students is, the better the results of the university. A simi-
lar analysis was conducted for the efficiency scores and share of students studying in
health programmes, with a statistically non-significant negative correlation (-0.23).
Thus, universities with a higher share of health students are underperforming. It
proves that the best and most motivated candidates choose science studies, so fewer
students drop out during the first year, which results in a better on-time graduation
rate. The worse performance of universities with a high share of health students may
be because these majors are more labour-intensive, resulting in more dropouts and
lower on-time graduation rates.

Another analysis concerns the relationship between the efficiency scores and the
share of overseas students. The correlation coefficient between these variables is 0.58
and is significant at the 0.001 level. This finding confirms the previously indicated
difference in the first-year attrition rates and the share of students graduating on
time. Universities with a high percentage of overseas students tend to be better
ranked. This result may be because the motivation of such students to complete their
studies successfully is higher than that of their domestic peers. In summary, these fac-
tors explain, to a large extent, the differences in the position of particular universities
in the ranking.

In the top ten universities in the BoD_R ranking, apart from two cases, there are
all universities from Go8. It is noteworthy that the universities from Go8 are in the
first hundred (except ADELAIDE, which is at the beginning of the second hundred)
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in the world rankings of Academic Ranking of World Universities (ARWU, 2020)
and QS World Universities Ranking (QS, 2020). Although ARWU focuses on the
evaluation of research activity and QS is mainly directed to candidates choosing uni-
versities, the good position of the university in these rankings shows their inter-
national reputation. The university’s reputation is one of the main factors influencing
the choice of a university by candidates (see, for example, Abbott & Doucouliagos,
2009; Murias et al., 2008). The high international reputation of the universities allows
them to attract the best candidates and attain the higher efficiency of the gradu-
ation process.

One of the main factors influencing the student decision to choose a university is
its prestige (Andersson et al., 2017; EACEA, 2015). Williams (2019) confirms that
‘international rankings are particularly important for Australian universities as they
influence the destination choice of international students, both directly and indirectly
by Governments in developing countries specifying the international universities that
scholarship winners can attend’. The primary areas of higher education are teaching
and research. However, the prestige of a university and its position in the competitive
higher education market depends mainly on its research activities. This fact is
reflected in the global rankings of universities, such as the most famous and presti-
gious Shanghai Academic Ranking of World Universities (ARWU). Andersson et al.
(2017) stated, ‘that universities with high prestige are more likely to attract ‘good” stu-
dents and that they have earned their reputation by producing high-quality output
because of this contributory factor’.

6. Conclusion

The policy of open access to higher education, typical for mass education, has its
social justification. It gives all potential candidates an equal chance of access to
the higher education system but also has negative economic effects in the form of
first-year attrition and graduation after a nominal time of the study. The accurate
assessment of these effects is not accessible due to their multidimensional nature, so
decision-makers need to be provided with the proper measurement tools.

The framework proposed is strictly focused on measuring and assessing efficiency
in the context of these adverse effects, based on publicly available statistical data for
public universities in Australia. The model allows all stakeholders to understand bet-
ter the efficiency of the graduation process in universities under study. Indirectly, it
allows assessing the open access policy to higher education at different universities by
determining the relative efficiency.

The super-efficiency BoD model used, extended by restrictions on virtual weights,
allows avoiding the fundamental weakness of nonparametric models, assigning zero
weights to variables. Also, it is necessary to include overseas students in the model,
which guarantees an entire picture of the efficiency of individual universities.

The proposed model fills the defined gap because it considers overseas students,
which gives a complete picture of the efficiency of the diploma process. The introduc-
tion of data on domestic and overseas students into the model independently ensures
its flexibility. It is possible to analyse both groups separately. Moreover, it allowed for
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the validation of the model for domestic students. Based on the validation results, it
can be concluded that the use of cross-sectional data is bias-free. The proposed model
is much simpler than true-cohort research and, therefore, may find broader applica-
tion in other countries. An analysis was carried out of various factors that help
explain the positions obtained by individual universities. Although it is rather a quali-
tative analysis, its results are confirmed by the results of other research.

The usefulness of the proposed model is confirmed by the achieved findings that
are consistent with the results of previous studies of other authors. Full-time students
are more likely to complete their studies than part-time students (OECD, 2013). The
higher attrition rates are in universities providing distance learning (Zhang &
Worthington, 2017). The impact of overseas students on the efficiency of universities
is robust (Abbott & Doucouliagos, 2009).

Although the relationship between the efficiency of teaching and research activities
of universities is ambiguous (Leitner et al., 2007), the results of the presented model
indicate that research-oriented universities achieve much better results. However, this
is not the result of intensive research activities” direct impact on increasing the quality
of teaching, but rather the selection of better-reputable universities, reflected by the
good positions of universities in the prestigious ARWU and QS rankings by bet-
ter candidates.

The analysis of the results considered that the completion rate largely depends on
the programme of study. In the interpretation, the share of students in two broad
programmes of study: science and health, was used. Further research should examine
the impact of the subject mix on academic success in more detail. The proposed
framework can be used for any higher education system if the relevant data
are available.
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