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Introduction

Over the last decade the Russian education system has transformed significantly under
the influence of changes occurring at national, regional and international levels including the
destruction of the totalitarian system and the disintegration of the Soviet Union, the ongoing
globalization of the national science and education systems, the Bologna process and the creation
of a common European educational space. The effect of these processes is continuous and to a
greater or lesser extent is reflected in the education system transformations. Of all sectors of the
Russian education system, higher education is experiencing the most complex and profound
changes, and has attracted the most attention from both the government and the general public.
Changes in higher education in Russia can be called radical, but they are yet not complete.

The education system in the Soviet Union was centralized and uniform, consisting
exclusively of public institutions financed by the state. The higher education system was shaped
in the 1930s, in a period of intensive industrialization. During this period, a significant number
of state universities were created to provide large-scale education and training programmes to
supply engineers to growing industrial sectors. Newly-established higher education institutions
(HEI) were focused mostly on education, vis-a-vis a few major classical universities which
inherited the traditions of research excellence from the Tsarist era [Gokhberg et al., 1997]. In
turn, mass training of pedagogical faculty provided a transition to compulsory secondary
education in the Soviet Union, thus colleges of education and teacher training institutes were
established in most regions of the country.

In the same period, a system of technical universities was formed for agriculture,
transport and communications, health care, etc. These universities were a reaction to the
challenge of industrial development. In the late 1980s, enrolment in higher education in the
Soviet Union was about 20% of school graduates, while others had vocational training or entered
the labour market immediately after secondary school. Despite the fairly elaborate higher
education system, the proportion of people with university diplomas did not exceed 10-12% of
the total workforce in the Soviet period [Education in Figures: Pocket Data Book, 2013, p. 11].

The situation dramatically changed in the post-Soviet era. Economic transformations due
to the transition to a market economy and the emergence of private businesses, the growth of
new industries such as finance, IT, real estate, professional services, advertising and media, all
demanded well educated human resources. It became obvious that university-degree holders
were more adaptable and capable of retraining and getting a new job. In the 1990s, Russia
experienced a boom of fee paying education services, both private and public. At the end of
2011, the HEI network already involved 1080 universities, 634 of them state-owned and 446
private, when HEIs enrolled 6.5 million students [Abankina & Scherbakova, 2013].



Historically with minor exceptions, Russian R&D activities were concentrated outside
universities, mostly at the R&D institutions governed by the Russian Academy of Sciences and
major industrial agencies'®. Recently, the government has made significant efforts to foster R&D
in universities and increasing their global competitiveness. According to legislation, two new
types of universities were specified in Russia: (1) Federal Universities, founded by merging
several universities in major regional cities (there are already 9 and more are planned), (2)
National Research Universities selected on a competitive basis and focused on cutting-edge
research areas. Both groups receive funding earmarked from the state budget for their individual
development programs.

The organisational landscape of higher education has significantly changed in recent
decades, becoming much more diverse. This is reflected in the increasingly complex
organisational structures of universities, the increased number and diversity of educational
programmes, HEI expansion into international markets, and the strengthening of R&D, public
service, entrepreneurial initiatives. However, these recent changes in the institutional landscape
are not reflected in the respective state policies and broadly speaking in the societal
understanding of the mission of universities. The main purpose of this paper is to present an
approach to, and the results of, a university typology.

There is no space for a detailed discussion of mission here but we provide a brief
overview. One point of view, following Humboldt (1903) and Flexner (1930), is that universities
should be considered as places of research and measured by their contribution to science.
Another view, following Newman (1852) and Gasset (1944) and many others, argues that the
main mission of a university is education. The third mission linked to public service is
considered as important in a diverse democratic society and equally important to the other
missions of university [Checkoway, 2001]. Finally, there is the approach which considers every
university a unique organization combining many missions [Boyer, 1990; Marginson, 2007].

The evidence of the gap between public, governmental and scholarly views on
universities can be seen in many debates around the existing national and international rankings.
The main and most popular international rankings mostly stress the research mission of
universities, which is why the government and public cannot distinguish between the various
types of universities and their missions. Therefore, there is a need for developing and promoting
relevant typologies to support the understanding of university diversity and provide stakeholders

with appropriate tools to compare them.

19 The share of HEIs in R&D expenditure in Russia had been around 5-6% of the national total since the Soviet times until early
2010s [Gokhberg et al., 2011].

4



First, we make a comparative study of the typologies widely used in the European and
American educational landscapes. Then, we develop a typology of Russian public universities
using indicators of research and education. Finally, we present the typology of universities
combined with their performance score and taking into account the heterogeneity of universities.

The paper is structured as follows. Section 1 provides a comparative study of approaches
for university classification and performance evaluation. Section 2 describes the dataset, the
classification criteria, and the performance indicators selected. Section 3 presents the
methodology for clustering universities and their performance evaluation. Section 4 discusses the
proposed typology of universities based on the clustering results. Section 5 shows how the
performance of universities is measured and compares the distribution of HEIs by cluster and
efficiency score. The final section concludes.

1. Literature Overview

As the paper aims at developing a typology of Russian universities by incorporating their
performance score, two separate literature overviews are needed. The first derives a
classification of HEIs by showing statistically their similarities and differences. The second takes
into account the heterogeneity of HEIs and ranks them on a performance score illustrating an
efficient mix of inputs and outputs.

1.1 Approaches for developing a typology of HEIs

International practices demonstrate two radically different approaches to classifying HEIs
on the basis of their current performance or potential for strategic development. In the first case,
universities are grouped according to their activity parameters, the level of education they
provide, the range of disciplines [Abankina et al., 2013b]. For example, the UK traditionally uses
various university classifications based on their age and history: Oxford University, Cambridge
University, the University of London, technology universities and former technology colleges,
new universities (former polytechnics), universities established during the Victorian era
(“redbricks”), or new universities founded in the 1960s [Scott, 1995]. Another example is the
well-known university typology based on research developed by the Carnegie Foundation in the
USA in 1970s [McCormick & Zhao, 2005].

In the latter approach, universities are grouped by taking into account opportunities and
aspirations to grow [Abankina et al., 2013b]. For instance, unlike the traditional classification of
British universities, the University of Manchester developed one unrelated to HEIs history and
other a priori characteristics such as size, research, third mission, social activities and
availability, and training [Howells et al., 2008]. The latest version (2005) of the Carnegie

typology is other example which includes a number of parameters each of which classifies a
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university into a certain group, taking into account multiple aspects of their activities. Currently,
the classification uses criteria such as the quality of education and research, type of teaching
differentiated separately for Bachelor and Master/PhD programmes, student profile, size and
environment [McCormick & Zhao, 2005].

The latter approach to HEI classification has become more popular, evaluating only the
current performance, incorporating lifelong learning educational programmes, R&D, and
innovative projects. Moreover, universities which strive to grow but have not yet reached the
required level, are not branded as low-quality, which positively affects their development
prospects [Abankina et al., 2013b]. For example, the University of Twente implemented a study
sponsored by the European Commission aimed at developing a pan-European typology alongside
the results of the Carnegie classification [University of Twente, 2005]. A wide set of parameters
on education (teaching and training, student enrolment), R&D, regional networking,
participation in knowledge exchanges and international activities served as a basis for
harmonised pan-European classification [Bartelse & van Vught, 2007]. The typology is country-
specific and includes data collection via special monitoring programmes, based on voluntary
participation in a survey. A threshold condition for university inclusion is having at least one
government-certified educational programme. This classifies 67 European Institutions for Higher
Education for the European Commission and maps their diversity [CHEPS, 2008].

Furthermore, special attention has been paid to the following dimensions to characterize
the European landscape of universities:

e growth dynamics,

e specialization pattern,

e subject mix,

e funding composition,

e proportion of post-graduate students and
e productivity [Daraio et al., 2011].

In spite of the broadness of the indicators, the authors found uncorrelated outputs of the
universities such as research, funding and top researchers based on a sample of 488 European
HEIs in 11 countries. Nevertheless, they argued that the differentiation of European universities
occurred in some cases, in particular with respect to research output and competitive funding.

At the same time, there are two radically different methods for constructing a typology:
either based on expert selection of the classification criteria and threshold parameter values for

determining university types, or on mathematical clustering models [Abankina et al., 2013b].



The latter groups universities in a way that they turn out to be sufficiently uniform, and
significantly different from each other'!. As a rule, universities are grouped by the parameters in
question via clustering. There are some examples in the EU, UK, Philippines and Russia
[Bonaccorsi & Daraio, 2009; Howells et al., 2008; Bernardo, 2003; Abankina et al., 2013b].

In turn, Bonaccorsi & Daraio (2009) identified the dominant cluster (77% of the
European sample) as between the research and the teaching objectives of universities, i.e. an
intermediate group. Only 12% out of 271 observations were classified as research-orientated
HEIs. In addition, the authors found that the size of HEIs was the most significant indicator for
clustering. However, they also showed that HEIs in the UK, the Netherlands and Switzerland
differed not just based on size-related indicators; they were characterized by variation of research
and teaching intensity. They also pointed out that country effects still mattered for the research
intensity heterogeneity of HEIs.

Similarly, Bernardo (2003) primarily focused on the size of 220 HEIs in The Philippines
and split them into three aggregate groups: large, graduate-capable (master), and small
universities. At the same time, three universities were considered to be unique and not grouped
with any of the others. For each university in the Philippines, data for 45 indicators were

collected, describing various aspects of their activities. These included, among others:

the year of establishment,

the number of educational programmes and their shares in the total number, by level
(Bachelor’s, Master’s, Post-graduate Studies, upgrading and retraining),
e the number of students enrolled in programmes, and their shares in the total cohort, by
the above levels,
¢ the number of graduates and their shares in the total cohort, by the above levels, cohort of
faculty members—degree holders, by level (PhD, Master, Bachelor), their total number,
o the number of publications by faculty members, in international and selected Philippino
academic journals (in total, and per faculty member).

12 clusters were formed, each containing 4 subgroups. The first subgroup of Large
universities included two HEIs, with no great variety of educational programmes. Compared
with other subgroups, it showed a large share of Master’s students in the total number of
students, and low publication activity by faculty members. The second subgroup had 3 HEIs and

offered a wide range of educational programmes, mostly at Bachelor and post-graduate levels.

"The preliminary findings for clustering can be found even when HEIs are compared just by constructing the national boxplots,
i.e. analyzing range, median and quartiles of the indicators within and across countries [Daraio et al, 2011].



Faculty publication activity was higher than in the previous subgroup, and most faculty members
had a degree. The third subgroup of 5 HEIs had practically no Master’s programmes on offer and
no more than 3% of teachers with degrees. However, they had the largest number of students.
Finally, the last subgroup, with 9 HEIs, was very similar to the previous subgroup but provided a
wider choice of educational programmes and a higher share of faculty had degrees.

Compared with other universities in the category of Master universities, these 17 HEIs in
the first subgroup were relatively small, offered a choice of Master’s programmes, and
conducted a limited amount of R&D. In the second subgroup, the 15 HEIs were much bigger, the
share of masters and post-graduates in the total number of students was significant, while the
level of R&D remained extremely low. The third subgroup had 13 average sized HEIs (in
between subgroups 1 and 2). The share of master’s programmes was slightly smaller than in
previous groups, while the share of post-graduate programmes was about the same. The fourth
group consisted of 30 quite small universities with a lower share of Master’s and post-graduate
programmes than other Master universities. The share of teachers with degrees was also rather
small. At the same time, this group demonstrated the best R&D results among all Master
universities.

The Small universities category included four subgroups of institutions with small
numbers of both students and teachers, offering a limited choice of educational programmes. For
example, the first subgroup of 24 HEIs offered a minimal choice of educational programmes,
mostly Bachelor-level, but boasted relatively high-quality teachers (about 40% of faculty
members had a degree). In contrast, the second subgroup of 11 HEIs had a high share of
Master’s programmes and a relatively low level of teachers (no more than 20% of them have
degrees). The third subgroup of 37 HEIs was similar to the previous one, but had slightly higher
values for the total number of faculty and the proportion of degree holders. The last subgroup
had 54 HEIs with the smallest size and an appropriately small choice of programmes, exclusively
at bachelor level. The share of teachers with degrees was on average about 30%.

Bernardo (2003) examined the orientation of education programmes offered by the HEIs
as the differences between the above groups, which are mostly based on the educational
programmes and education level of teachers. The clustering in question reveals just one layer of
the Philippino higher education system because it does not cover universities catering for
different target audiences. Breaking universities down by the quality of their research is largely
dichotomic, because of the use of quite stringent evaluation criteria of publications in peer-
reviewed journals.

In contrast to Bonaccorsi & Daraio (2009) and Bernardo (2003), Howells et al. (2008)

selected the number of clusters in the 2-20 clusters range using the Calinski-Harabasz index
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[Calinski & Harabasz, 1974]. This is calculated as the ratio of the overall spread of objects
between clusters, and inside them. The number of clusters which maximises the index of the
value is considered to be optimal. In the end, seven clusters were identified: universities oriented
towards applied research, locally available universities, research elite, “professionals for
London”, active recruiters of students, universities oriented towards R&D and actively recruiting
students, Open University as a separate cluster.

The key variables in the typology of Howells et al. (2008) describe the multidimensional
change of universities in size, research, teaching, third mission and social inclusion. Such a
division into uniform clusters may help in the design of government higher education policy,
e.g., it allows the government to identify universities primarily oriented towards education, and
discover where there are high concentrations of students in need of social support. From the
perspective of research and innovative activities, universities which should be first to receive
government support are moved to the foreground.

The Russian evidence suggests that universities should be classified not just by formal
characteristics, but also by other indicators which shed light on their mission and strategic
development. Empirical typologies were developed based on adaptation strategies (defined on
the basis of resource availability and output, see Appendix 1) [Titova, 2008], economic models
[Abankina et al., 2010] and a combination of their activities (R&D, education) [Abankina et al.,
2013b].

In the Russian context the most interesting typologies to researchers and practitioners
reflect R&D and education activities. These aspects can be covered by an input and output mix
(product characteristics and availability of resources). Such typologies create a multidimensional
picture of various strategies and their efficiency, hence the potential may be measured by the
means of data envelopment analysis (DEA).

1.2 Data Envelopment Analysis as a tool for performance measure of heterogeneous
HEIs

We start with some issues which have been identified with DEA before applying it to the
Russian dataset. Firstly, the context of input and output specification has attracted a great deal of
scholarly attention. For example, Johnes (2006) had some concerns with the definition and
measurement of input and output bundles for HEIs, and their importance in the DEA
specification. Secondly, researchers should be sure which inputs are under the control of HEIs.
To account for this, Kempkesa and Pohl (2010) and McMillan and Wing (2006) used DEA with
environmental variables. The difficulties with a set of inputs and outputs arise from the

peculiarities of the higher education production process.



To the best of our knowledge, DEA is less used in the Russian higher education context.
Abankina et al. (2012) did a pilot project on 30 Russian HEIs using a classical DEA model with
constant return to scale. The authors found that the model for a university funding structure
(institutional vs. competitive based ones) provided more comparable results to the international
evidence. These results were confirmed in the subsamples of 78 technical and 59 classical
universities in [Abankina et al., 2013a].

However, when calculating efficiency scores of HEIs, there is a challenge related to the
heterogeneity of the sample. This may lead to an inaccurate estimation of HEI efficiency due to
the identification of incomparable peer groups. To overcome this problem, many authors used
DEA separately for each homogenous subsample. For example, Beasley (1995) distinguished
among units by the goals separately set up for and achieved by research and education activities.
In turn, Abbott and Doucouliagos (2003) represented the ratio of grants received to the number
of students in full-time equivalent to divide the sample into three clusters and assess the
efficiency of each of them. Warning (2004) distinguished between the research and education
strategic goals of the units and their specialization. Johnes and Yu (2008) found that the funding
modes and locations of Chinese universities played a crucial role in explaining the differences
among their efficiency values. Finally, Athanassopoulos and Shale (1997), similarly to Johnes
(2006), introduced a specialization criteria to have three similar subgroups of British HEIs.

In addition to specifying criteria for sample heterogeneity, some authors propose
modifying classical DEA. A recent study [Johnes et al., 2011] applied DEA to the cost structure,
efficiency and productivity of British English universities. The authors used a division into
clusters similar to Johnes (2006) and then run DEA within each cluster separately. By contrast,
Athanassopoulos and Shale (1997) used DEA stage-by-stage. In this algorithm [Coelli et al.,
2005], the first subgroup was evaluated, then the first and second ones were together, and finally,
the full sample was assessed. The efficiency scores of the i-th cluster were obtained at the i-th
algorithm stage. Aleskerov and Petrushchenko (2013) developed another algorithm and applied
it to 29 Russian universities. This was based on a sequential exclusion of alternatives. The

procedure reduced the influence of outliers on the efficiency evaluation.

2. Data description and indicator selection
Our typology was constructed on the basis of the data collected in the course of
standardized written surveys of university R&D and innovation activities and their cooperation
with companies, conducted by HSE’s Institute for Statistical Studies and Economics of

Knowledge, in the framework of the Economics of Science Monitoring Project covering 400
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state universities in Russia. These data were supplemented with the results of Unified State
Exam (USE) across universities found in open sources'?.

However, not all the HEIs provided data on the indicators used and outliers were
excluded from the sample. As a result, 219 HEIs were analysed. Despite the reduced list, it still
featured more than half of Russian universities from the sample, ensuring the reliability of the
results.

The characteristics for clustering were selected based on the objectives of constructing a
typology to identify groups of universities with a similar potential for innovation development,
research and education activities. The choice of indicators is supported by the theoretical
foundations of Bernardo (2003), Bartelse and van Vught (2007), Howells et al. (2008),
Bonaccorsi & Daraio (2009), Abankina et al. (2013b). This generates the benefit of clustering
Russian HEIs by a combination of their activities (research, education, innovation). Notably,
growing attention has been given to the dependence of HEIs on public funding and the
diversification of revenues, which indirectly describe university types via R&D funding from
non-state sources, i.e. this shows how active and prosperous the university is in R&D activities.

At the same time, specific attention was paid to the peculiar features of the available data.
First, excluding parameters with a significant statistical connection or correlation between them.
Second, some indicators were disregarded due to numerous data errors and outliers. E.g. the
number of university faculty was frequently underreported, so all characteristics based on this
value were excluded. The resulting clusters differ by at least one indicator.

According to our calculations, the share of R&D expenditure in the total revenue
correlated with the absolute value of non-state funding provided for these activities at 0.65
(significantly different from zero), so the second parameter was disregarded. The total number of
students and the number of students per teacher also have positive correlation (approximately
0.5). The second indicator was excluded due to obviously faulty data on faculty numbers
provided by certain universities. Finally, the number of scientific papers per faculty member, and
the cohort of students per teacher have positive correlation of 0.68. Presumably, the smaller the
total number of teachers, the more papers each publish, and the weaker the effect of “publication
diffusion”. To calculate a specific publication activity indicator, we used the total number of
teachers and researchers on the university’s payroll (including freelancers) as denominator.

Finally, the following five parameters were chosen for clustering:

1. USE - average USE grades of the students enrolled in the relevant year;

12 This is an obligatory exam for every student to both graduate from schools and enter any university or college. Since 2009, it
has been introduced instead of preliminary entrance examinations at universities. For more details please refer to “Public
monitoring of university enrollment procedures as a condition of providing equal access to education”. Access mode:
http://www.vsu.ru/news/index.do?id=3164 (last accessed on 16.10.2014).
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2. Youngsters — share of young faculty members (for those under 30 without a degree, under
35 for Candidates of Science (PhDs), and under 40 for Doctors of Science) in the total
number of faculty;

3. Unit Public Funding (UPF) — public funding per student provided in the relevant year;

4. Size — total number of students (publicly funded and privately funded places);

5. R&D - share of R&D funding obtained from non-state sources in the total expenditures for
R&D.

Despite the small number of parameters, clustering reveals university potential in major
areas. UPF describes education and research activities incorporating all public spending,
including science and education expenditures. The USE parameter reflects university educational
potential and the potential involvement of students in R&D. The share of Candidate of Science
(like PhD) and Doctor of Science (like German Habilitation) degree holders in the total number
of faculty members reflects the potential for human capital reproduction, and related
development prospects. The share of non-state funding in R&D expenditure measures and
investments in applied research reflects the overall financial situation of the university. Finally,
the university size is evidence of its economic stability (as the public funding of Russian
universities is proportional to the number of students) but at the same time it can be evidence of
lower education quality and lower student involvement in R&D. The presence of talented
students, a balanced faculty structure and solid financial resources should indicate a good R&D
performance, and provide additional opportunities to upgrade R&D activities [Abankina et al.,
2013b].

Bonaccorsi & Daraio (2009) suggested incorporating data on discipline differentiation
when providing a full-scale classification of HEIs. While Abankina et al. (2013a) tested this only
for subsamples of technical and classical universities, we calculate the efficiency score for all
subsamples available, i.e. 53 classical, 29 pedagogical, 24 socio-economic, 70 technical, 10
architectural, and 11 humanities HEIs'. Then, we conduct a comparative study of their
educational (Model 1) and academic (Model 2) potential. The specifications of both models are
in line with Abankina et al. (2013a).

In Model 1, the educational potential of Russian HEIs is tested. The following input
parameters are used: UPF, share of teachers with degrees (PDS), total number of teachers (PPS).
Output parameters included first year student average USE mark (USE) and total number of
students (STUD). This set of output indicators characterizes student choice of a particular
university given its quality of education.

1% \We have less than 219 HEIs in the sample for DEA analysis due to outliers within these groups: 6 classical, 4 pedagogical, 1
socio-economic, 8 technical, and 2 architectural HEIs, and 1 the humanities.
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Model 2 measures the academic potential of HEIs. The input parameters are similar to
Model 1 with the addition of the first year students’ average USE. The last parameter is used as
an indicator of the academic potential of entrants, who can participate in university research
projects. Output parameters include the total number of students (as in Model 1) and the share of
young teachers (YPPS) and publication activity of the faculty members (PUB).

The descriptive statistics of the dataset for clustering and performance evaluating are

presented in Appendix 2 and 3, respectively.

3. Methodological Choices

3.1 Methodology of clustering HEIs

Calculations were performed using a hierarchical clustering technique which constructs a
tree based on the initial set of objects (for more details see Appendix 4). The advantages of this
method compared with k-means clustering (used, for example, in [Howells et al., 2008;
Bonaccorsi & Daraio, 2009; Abankina et al., 2013b]) are that it provides extra information about
the structure of the data set and allows an endogenous choice of the number of clusters based on
the characteristics of the clusters. Moreover, breaking objects down into uniform groups using a
k-means clustering technique depends on the initial selection of the clusters’ centre position.
Since objects are grouped around the centres, we can get variations depending on the a priori
assumptions about the initial positions of cluster centres.

We have considered clustering techniques oriented towards analysing quantitative
characteristics of objects. There are also numerous methods designed to work with dichotomic
variables. Whether it is possible or appropriate to convert university characteristics into a
dichotomic format to perform clustering on that basis is an issue for future research. In our case,
each variable was initially converted into the 0-100 range. Such an approach to normalisation is
widely used and is one of the most preferred [Mirkin, 2011] as it does not introduce structural
changes as, for example, a standardizing technique does.

All variants of hierarchical approaches are based on various techniques for calculating
the distance between two isolated objects, or between an object and a cluster. These determine
clustering results, so the choice of calculation technique requires particular care. We used a
Euclidean distance in five-dimensional space to measure the differences between objects.

In our case, the Euclidean distance proved to be the most reliable and appropriate metric.
It allows us to ignore small differences between objects, and at the same time imposes heavy
fines for significant differences for even a single parameter. We assume that universities which
belong to the same cluster must be as uniform as possible for all the selected criteria.

Accordingly, we chose a Euclidean distance instead of a metric which would take into account
13



only marginal (maximum and minimum) divergence between objects, by all characteristics. This
alternative metric is also turned very sensitive to outliers.

The key cluster characteristic (preliminarily in the tree, and finally at the analysis of the
object distribution stage) is the internal spread of values. In this case the spread is measured via
the sum of the distances from the objects to the cluster’s centre. The nature of the data was taken
into account when the spread measure was selected. Distance from centroid to the farthest object
(which in another case could ensure a more uniform distribution), in our case turned out to be an
unreliable measure due to its high sensitivity to outliers.

Accordingly, we used the Ward method [Ward, 1963] to measure differences between
clusters and objects, or between two clusters. In this case, the distance between two clusters is
seen as the increment of the total distances between all grouped objects and the centre of the
cluster, compared with total distances between objects to the centre in each individual cluster. In
other words, we measure the deterioration of the internal cluster spread which happens if two
clusters are merged.

A pair of clusters with minimum divergence, in the above sense, is selected for merging
as a specific feature of the Ward method is a tendency to produce clusters of comparable size,
because smaller clusters join larger ones. In our study, this feature allowed us to obtain more
reliable and sustainable results, as it allowed us to identify different university types instead of
producing a heterogeneous distribution with small clusters of unique objects.

The Ward method produces a clustering with low variance of objects inside the clusters.
The product is a hierarchy of object groups, called a taxonomy. Therefore, this technique not
only breaks the sample down into clusters, but also shows the data structure. After the taxonomy
is built, the tree is cut off at a certain distance. All distances between clusters, which are smaller
than a selected threshold value, are considered to be merged. We have analysed the clustering of
the universities after cutting the tree off in various ways. We selected a cut-off resulting in 6

clusters, described in more detail in the next section.
3.2 Methodology of estimating HEIs performance

To evaluate the efficiency score of HEIs, two techniques are applied: econometric
(stochastic frontier approach (SFA))* and linear programming (data envelopment analysis
(DEA)) methods. Under DEA, the functional frontier parameters are not estimated, their
significance is not tested, and the distribution of inefficiencies is not assumed. Instead, linear

programming methods are used to compute a piece-wise surface over the available observations.

1% The paper does not cover the statistical one. The basics of this approach are given in the book [Coelli et al, 2005].
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DEA calculates an efficiency score for each HEI in comparison with the best ones in the dataset
relative to this given frontier. This score is introduced via the ratio of the set of outputs over the
mix of inputs. Optimal weights for outputs and inputs are found by solving the linear
programming problem, which is visualized by introducing a simple example under the
assumption of a constant return to scale in Appendix 5. To introduce an equivalent envelopment
form, dual linear programming is employed [for more details see Charnes, Cooper & Rhodes,
1978]:

min &,
)

subject to

B,x, — X420 1)
A =10,
where ¢, is a vector of all output weights for the k-th HEI, x, is a similar vector of input
weights, Q is a matrix for outputs, which columns are gy,...., &y..... &, Where L is the sample
size, X is a matrix for inputs, 4 is a vector of constants and &, is a value from [0,1]. This scalar
represents an efficiency score of the k-th HEI. When it equals 1, it identifies an efficient HEI

lying on the piece-wise surface. This problem must be solved L times for each unit in the sample.

In turn, the model proposed by Aleskerov and Petrushchenko (2013) is based on the
standard DEA technique. The method can be illustrated by one input-output mix (Fig. 1). Given

a set F;,...,F; of HEIs, the barycentre B is calculated. The frontier is moved toward point G
defined as #B + {1 — ) F;, where g & [0,1] is the parameter of heterogeneity. Then, using DEA
we can estimate the efficiency score of all appropriate HEIs (F;, ..., F;) via the new frontier

generated by G. The process continues until all units are evaluated. Generalization of the
algorithm to the case of an arbitrary number of inputs and outputs is given in [Aleskerov &
Petrushchenko, 2013].
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Figure 1. DEA by sequential exclusion of alternatives.

A __——— Efficiency frontier

Barycenter

4. Clustering results of Russian HEIs
Table 1 presents the quantitative parameters of each cluster centre, and the number of
objects in them. Clusters with average indicator values significantly above the overall average
are highlighted in dark blue. Clusters with the appropriate average indicator values significantly
below the overall average are highlighted in light blue.

Table 1. Cluster profiles and object distribution

Source: [Abankina et al., 2013b]

Cluster Number of objects
number | USE Youngsters | UPF Size
5905.31 36
37
5825.06 32
7947.39 | 70.72 18
7177.98 | 50.80 42
1341 |54

Table 1 shows that by the average value of first-year student USE marks, clusters can be
divided into two groups. Universities in clusters 1, 3, and 5 show statistically significant lower
results than universities in clusters 2, 4, and 6. Deviation between clusters within each group is

insignificant.
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By the share of young faculty members in the total number of personnel, the clusters
(taking into account deviation significance) range in the following way: universities in cluster 3
have the smallest values averaging about 6%. Then follow clusters 2, 4, and 6, with
approximately 15%, and cluster 5 (21%). Cluster 1 has the highest share of young faculty
members (24%). In terms of unit public funding, cluster 4 stands apart from all the others, which
are relatively uniform.

The largest universities were in clusters 2 and 6 (significantly bigger than all others);
medium-size universities were in clusters 4 and 5, while the smallest (with about 5,000 students)
were in clusters 1 and 3.

In terms of the share of non-government funding in R&D expenditures, universities in
clusters 1 and 2 stand out. Practically all their R&D is funded from non-government sources. In
cluster 6 on average only 13% of R&D expenditures are non-government funded. The remaining
three clusters (3, 4, and 5) hold intermediate specific positions. Their value of this indicator is
much lower than in clusters 1 and 2, and significantly higher than in cluster 6.

Each cluster has a set of indicators whose values make the universities significantly
different from all others in the sample. Since clustering does not produce pure types (clusters
always overlap in projections on indicator axes), to simplify things we have created a
classification tree as a tool for including universities into appropriate groups (see Figure 2
below).

Figure 2. Classification tree

UPF> 157
UPF < 157 thousand roubles thousand
roubles
USE > 62 USE < 62 Cluster 4

R&D > 70% R&D < 70% R&D > 65% R&D < 65%

Youngsters Youngsters
Cluster 5
>0.11 <0.11

[ Cluster 1 J[ Cluster3 J

[ Cluster 2 J[ Cluster 6

Source: [Abankina et al., 2013Db]
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These identify five university types grouped into six clusters.

Niche universities (clusters 1 and 3). These are small universities with 3000 to 7500
students, accepting entrants with low USE grades (up to 63%). R&D is mostly financed from
non-government sources. For example, for cluster 1, the share of R&D funding obtained from
non-state sources in the total R&D expenditures is 90%, for cluster 3 it is 72%. This group has a
high share of young teachers and a low UPF value (between 60000 and 90000 roubles). The
R&D potential of these universities is limited due to their fixed position in local territorial
niches, with limited resources to finance their development and limited prospects of obtaining
increased public funding, and a high dependency on their main customers. Half are pedagogical
and classical universities, up to one third technical universities.

Indeterminate position universities (cluster 5). In general these are similar to niche ones.
They comprise small and medium sized universities (up to 10000 students), with a low quality of
entrants, a significant share of young faculty members, insufficient R&D funding (both from
public and other sources, in approximately equal shares), and a low UPF value. They are likely
to experience reduced enrolment and gradually transform into niche universities. Their R&D
potential (in terms of resources) is insignificant.

Market leaders (cluster 2) are large universities which mostly accept students with high
USE marks. Their R&D is financed primarily from non-government sources. These universities
actively market their educational services. These are primarily classical and socio-economic
universities.

Potential and current R&D and education leaders (cluster 4). They receive high
government funding per student: more than 157000 roubles; have high average USE scores for
new entrants (70%); and boast the highest R&D potential. With their powerful resource base,
they can (though not always do) develop and integrate research and educational activities. More
than half of these universities specialise in technology.

Universities of good standing (cluster 6) are medium sized or large, and accept high-
quality entrants. Public funding in this cluster is on average slightly higher than in other groups,
but the cluster is not uniform in this respect. Another feature is the absence of non-government
R&D funding. The cluster includes mainly classical and technical universities. Some of them
have a long history and are well-known. They enjoy a good reputation among customers and
government agencies; good connections and highly skilled faculty. However, this potential may
reduce because of their conservatism, which has implications for their ability to serve external
customers and work with partners.

Now let us go back to how the universities under consideration are divided into clusters

(Table 1). Almost half of them fell into niche and indeterminate position clusters, which gives a
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good idea of the research potential of a large proportion of the country’s HEIs™. The potential
and current R&D and education leaders cluster comprises less than 10% of the surveyed
universities. They have resources to support R&D activities, but these resources do not guarantee
results, and there may be even fewer real leaders among them.

The remaining two groups, market leaders and universities of good standing comprise
about 40% of the universities in the sample. Individual analysis of the universities indicates that
they mostly concentrate on education, though they do have certain (in some cases significant)
R&D potential. These establishments meet key stakeholder requirements and have good
development prospects.

Figure 3 shows the distribution of homogeneous HEI clusters according to the proposed
typology. The diagram includes architectural and humanities universities, despite their small
number in the sample. This distribution is very much in line with expert expectations, which
supports the validity of the proposed typology

e most of the pedagogical universities (about 70%) belong to niche and indeterminate type
clusters;

e a significant proportion of socio-economic universities (about 65%) are represented by
market leaders and good standing clusters; the highest concentration of them is noted in
the market leaders category;

e almost 50% of technical universities (and about a half of all universities in the sample)
belong to niche and indeterminate position clusters; note that technical universities have
a relatively better representation among potential R&D and education leaders (about
15%).

Figure 3. Distribution of various types of universities in the proposed typology

number of HEIs 0

50
mtechnical
40 ¥ 50C10-eCONOMmIc
30 B pedagogical
20 m classical
®humanities
10 W architectural
0
1 2 3 4 5 6 number of cluster

Source: [Abankina et al., 2013b] and figures for architectural and humanities HEIs are calculated by

the authors.

We would like to stress again that we discuss there sources for universities’ R&D activities.
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The comparison of the proposed typology with other classifications concludes:

e The availability of resources, and university performance indicators used to design the
typologies are similar to the indicators used abroad and which describe various aspects of
university activities;

e The proposed classification is similar to the typology of British universities [Howells et
al., 2008], in terms of objectives, parameters used, and identified university types.

A drawback of the clustering approach is that each cluster is blurred in the space of the
vectors reflecting the availability of resources, which may include universities whose values for
this parameter are too different to allow a direct comparison of objects in the same cluster. For
correct comparison of universities of the same type, their relative efficiency in the sample should

be assessed.

5. Empirical results: distribution of universities by clusters and performance

Distributions of efficiency scores for Models 1 and 2 for the subgroups of universities
based on subject mix, are presented graphically in Appendix 6 and the descriptive statistics of
the efficiency gains are given in Appendix 7. For each comparable cluster of HEIs with the
respect to subject mix, the results obtained from Model 2 seem more convincing than from
Model 1. The task is to correctly separate these HEIs with low and average efficiency. HEIs with
average efficiency have a development potential based on their own resources, while HEIs with
low efficiency scores show poor results in both research and education; they do not attract strong
and motivated students and do not have enough financial resources for development.

Moreover, Model 2 allows us to divide all clusters of universities into three subgroups
with low, average and high efficiency scores. For example, many well-known technical HEIs are
classified as average according to their efficiency scores. It means that these HEIs do not fully
use their potential and resources. The subgroup with high efficiency scores include several
strong regional HEIs. These HEIs fully use their potential: while having less resources and
public funding than some well-known HElIs, they obtain better results.

The comparison of the efficiency scores of Russian and foreign universities shows that
Russian universities are on average less efficient than Canadian [McMillan & Wing, 2006] and
British universities. For example, Johnes (2006) showed that for HEIs specialized in arts and
music the average efficiency scores were above 90%. Minimal efficiency score for British HEIs
based on their research profile was 66.86% [Athanassopoulos & Shale, 1997]. This score is close

to the current efficiency score for Russian HEIs (see Appendix 7). According to only educational

20



indicators Russian classical (78.93%), technical (71.43%), pedagogical (90.14%), socio-
economic (84.76%), architectural (94.31%), and humanities (84.0%) HEIs are on average more
efficient than Chemistry (66.59%) and Physics (64.79%) faculties of British HEIs [Johnes,
2006]. However, for both research and educational indicators (Model 2) efficiency scores for
Russian HEIs are lower than for Model 1, for instance socio-economic universities for Model 2
have efficiency score no higher than 66%. Russian HEIs are more efficient than German, where
there is only 71.9% average efficiency rate in the models specified in [Warning, 2004]

For a robustness check, we take into account the heterogeneity of the HEIs as Aleskerov
and Petrushchenko (2013) did. Three different values of « (0.2, 0.5 and 0.8) are introduced. The

rankings of universities obtained by this method when g equals 0.2 or 0.5 are in most cases

comparable and statistically consistent with the DEA obtained above (for more details see
Appendix 8).

After this, the typology and efficiency of units were analysed, simultaneously. Figure 8
shows the university distribution inside clusters 1-6 by efficiency score calculated by DEA for
the two models of HEIs activities (Appendix 9). A large group of universities (clusters 1, 3, and
5) have a limited resource potential for R&D and show low performance figures (using DEA).
This is particularly relevant for cluster 5 (indeterminate position universities), which confirms
the earlier assumption about the shrinking of this type of universities to niche size. Here we see
university R&D potential and performance limited by default by their resource limitations.

Meanwhile, market leader universities (cluster 2), on average show significantly higher
performance figures (again using DEA) than other university types. Over 40% of universities in
this group can be classified as highly efficient (technical efficiency indicator between 0.8 and 1),
and 50% show high performance (very close to 1). This means that market leaders get high
returns on their resources as universities of good standing do. The HEIs from both clusters are
able to use their resources more efficiently than universities in other categories, can set sensible
objectives, and achieve good results.

At the same time, results for potential and current R&D and education leaders are
somewhat unexpected. Over 40% of such universities have low performance figures, and under
10% of them can be classified as highly efficient. This is due to the specific DEA model applied.

We tested models with different input and output parameters and find that publication
activity used as an output factor significantly affects the measurement of university performance,
in particular, technical and classical ones. Publication activity changes the distribution of
efficiency measurements: if it is disregarded, the result is a histogram rising with productivity

growth and with a certain reduction in the number of universities at the marginal value of
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performance. However, if it is taken into account, universities are clearly divided into groups
with different performance values. Individual analysis of universities reveals that publication
activity allows some of them to come close to the efficiency frontier; others are not really
affected by this parameter; and others still suffer a significant reduction of their performance
figures. Accordingly, when measuring technical efficiency, adjustments should be made for
universities who face barriers to open publications if this significantly (and unreasonably)
reduces their performance figures. At the same time, for low-performing universities in the group
under consideration who do not face publication barriers, the above factor can be explained by
their excessive resource potential combined with modest actual results. In other words, the
obtained results can help reveal excessive investments in certain universities. This effect will

possibly not be observed over a longer period of time.

Conclusions

The analysis of the existing typologies suggests that the most interesting of them are
those which reflect various aspects of university activities. These include R&D, educational and
innovation activities which can be described not just via results-based indicators, but also
through resource availability.

In the latter case, we can identify the university type and its ability to perform certain
activities. Such a typology, supplemented with measurements of resource utilisation (e.g.
performed with the help of DEA) provides a multidimensional picture of university strategies,
and their success rates. Several classifications are based on similar indicators, which gives
grounds to define and apply a reduced all-purpose set of characteristics, without a loss of
accuracy.

In the most indicative international examples universities were grouped by clustering; the
technique also used in our study. With the help of the hierarchical method, we identified and
described six clusters. The proposed typology includes a decision tree which divides universities
into specific groups with a detailed description.

Processing empirical data about Russian state universities allowed us to break them down
into several types, including niche universities, market leaders, potential and current R&D and
education leaders, universities of good standing, and indeterminate position universities.

Due to the historical and modern context of the Russian higher education system, a more
diverse organizational landscape might have been expected. This could possibly be explained by
the non-dynamic parameters used for clustering. Another reason could be the relatively small set

of adaptation strategies used by Russian universities.
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The typology allows an analysis of the diverse corpus of Russian universities and the
development of targeted policies for each of the identified clusters. Supplemented with
performance indicators measured using DEA, the typology provides a better understanding of
each cluster’s situation, and the formation of strategy for each specific university. The proposed
approach to constructing typologies and measure university R&D potentials, generates nontrivial
results and provides for the shaping of targeted higher education policies.

The typology presented here takes into account various aspects of university activities,
and is not an analogy of the existing ratings or other performance indicators described in the
literature. Improving the system for collecting data about university performance and refining the

quality of data would facilitate further research in this field.
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Appendix 1. Criteria for classifying Russian universities

Structuring basis (classifier)

Brief description

Examples

By economic model*

Economic model type as a
characteristic of the
university’s diversification
and revenues. This group is
based on indicators measuring
the following revenues (and
their ratio):

- from education and other
activities,

- government budget and other
public funding provided to
finance educational activities

e Government-supported
(most of the funding
comes from public
sources; low level of
diversification)

Revenues from educational
activities mainly come from
public sources of all kinds;
other activities generate a
negligible proportion of the
university’s revenues

Saint Petersburg Mining
Institute, Dagestan,
Chelyabinsk, and Kaluga State
Pedagogical Universities

e Selling their services
(educational activities are
funded from mixed
sources, low level of
diversification)

Revenues from educational
activities mainly come from
non-government sources;
other activities generate a
negligible proportion of the
university’s revenues

Moscow State Construction
University, Moscow State
Law Academy

e Government-supported
diversified
(educational activities are
funded mostly from public
sources, high level of
diversification)

Revenues from educational
activities come from public
sources of all kinds; other
activities generate a
significant proportion of the
university’s revenues

MISIS, MEPHI, MIPT

e Diversified
(educational activities are
funded from mixed
sources, high level of
diversification)

Non-government sources
provide a large part of
revenues from education
activities; other activities
generate a significant
proportion of the university’s
revenues

Belgorod State University,
Tyumen State Oil and Gas
University, Ural State
Technical University

e Non-state universities (low
level of diversification; not
covered by the NRU HSE

Revenues are generated
mostly from educational
activities

Natalia Nesterova Academy,
Moscow Academy of Finance
and Law

study)
e Non-state universities Revenues are generated from | New Economic School,
(high level of educational and other Moscow School of Social and

diversification; not
covered by the NRU HSE
study)

activities

Economic Sciences

Strategy employed to adapt

Strategy as a characteristic of

For ethical reasons, names of
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Structuring basis (classifier) | Brief description Examples

to changing environment** | the university’s management | universities of various types
and/or its way to adapt to the | are not published in open
changing environment. This sources. Below we describe
group is based on indicators profiles of universities most
describing availability of common for the identified
resources to support teaching | types (data for 2005)

at the university, financial
performance, secondary
activities, and quantitative
growth (number of students
and development of new
educational programmes)

Leaders High basic characteristics Technics and technology,
architecture, construction,
creative

Diversifiers A lot of secondary activities Finance, economics, law

Expansionists High quantitative growth Architecture, construction,

(enrolment, introduction of finance, economics
new programmes, etc.)

Accumulators Significant availability of Architecture, construction,

(of material, human, and resources finance, economics

financial resources)

Conservatives Exclusively average All types, but mostly classical,

characteristics humanities, and pedagogics

Outsiders Below average values Humanities, pedagogics,
classical

Atypicals Difficult to include into any All types

group

*Research which allowed to classify universities by this criterion was conducted by the NRU HSE’s
Institute for Educational Studies, covering universities supervised by the Federal Agency for Education [Abankina et
al., 2010].

**A number of studies to analyse Russian universities’ adaptation strategies were conducted by the NRU
HSE researchers [Titova, 2008].

Source: [Abankina et al., 2013b]
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Appendix 2. Descriptive statistics of parameters for clustering the HEIs

Min Max Standard
Mean ..
value value deviation
R&D 0.00 100.00 58.77 32.44
USE 48.20 90.40 62.69 6.74
Youngsters 0.00 0.46 0.16 0.09
UPF 49.84 352.29 101.07 45.88
Size 303.00 | 35310.00 | 8352.37 5793.69
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Appendix 3. Descriptive statistics of parameters for evaluation of HEIs performance

Indicator Min value | Max value Mean ig%?st?gg
Technical HEIs (tech)
YPPS 0.02 0.35 0.17 0.07
PUB 2.47 2856.60 | 135.45 353.36
STUD 1360 19724 | 8061.78 | 4416.29
UPF 57.71 252.46 107.99 43.99
PDS 18.21 80.35 63.55 11.04
PPS 39 2914 632.31 519.31
USE 50.10 90.4 60.95 6.32
Classical HEIs (classic)
YPPS 0.01 0.44 0.18 0.09
PUB 0.79 1338.54 | 112.48 216.80
STUD 1968 33654 | 10963.47 | 6778.37
UPF 57.92 266.70 104.40 44.14
PDS 34.61 87.06 64.42 10.85
PPS 26 2233 518.60 347.99
USE 51.80 76.90 63.45 5.97
Pedagogical HEIs (ped)
YPPS 0.06 0.38 0.18 0.07
PUB 2.13 1645.58 | 124.43 313.40
STUD 926 16318 | 5293.93 | 3288.26
UPF 50.99 126.46 75.82 18.31
PDS 37.90 81.69 64.60 7.77
PPS 71 1610 636.89 367.92
USE 51.90 68.80 59.80 3.73
Socio-economic HEIs (soc_econ)
YPPS 0.03 0.46 0.19 0.10
PUB 1.48 2260.78 | 304.78 631.52
STUD 2278 35310 | 10041.92 | 7942.90
UPF 49.83 164.81 84.02 27.51
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Standard

Indicator Min value | Max value Mean deviation
PDS 45.20 83.80 65.98 10.23
PPS 27 4136 646.64 895.59
USE 56.7 82.6 68.36 6.65

Arcitechture HEIs (arc)
YPPS 0.02 0.26 0.16 0.07
PUB 3.98 444.44 137.32 152.91
STUD 1269 11642 5229.50 | 2970.45
UPF 59.67 174.45 94.91 41.96
PDS 57.02 73.83 67.75 4.82
PPS 42 3166 824.5 891.10
USE 51.80 76.90 64.26 6.81
Humanitarian HEIs (hum)
YPPS 0.02 0.24 0.14 0.06
PUB 1.27 739.21 175.92 232.56
STUD 303 21602 5468.63 | 6334.34
UPF 73.24 352.29 137.30 92.07
PDS 57.06 76.97 68.49 7.08
PPS 117 634 353.63 152.55
USE 50.5 85.7 65.97 9.81
All HEIs

YPPS 0.01 0.46 0.18 0.08
PUB 0.79 2856.60 | 151.41 355.16
STUD 303 35310 | 8396.02 | 5931.52
UPF 49.83 352.29 100.26 45.48
PDS 18.22 87.06 64.74 10.04
PPS 26 4136 598.58 537.97
USE 50.1 90.40 62.83 6.71
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Appendix 4. Description of hierarchical clustering
As a first step of hierarchical clustering, a couple of objects less different from each other than

all the rest in the set, are added to a cluster (see Figure 1 below).

Figure 1. Visualisation of hierarchical clustering

Source: composed by the authors.

At the next iteration, two closest objects (or previously created clusters) are merged together

(depending on where the difference metric has a smaller value)

(6) _ ple-1) | (=) o of o (emt) LGy (-1) pol(e-D)
kP =k R it a(kY KTV ) = ming, dREV RS (1)

Nothing changes for all other clusters, i. e.,

(e} _ o le=1)
k¥ =k )

These steps are repeated until all clusters are combined into one. The end result of applying this
algorithm is a tree (or cluster hierarchy).
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Appendix 5.Visualisation of DEA model: the case of 1-1 and 1-2 inputs-outputs set

Upon assumption of constant return to scale, a HEI exploits one input x to produce only
one output q (Figure 1.1). The efficiency score for a HEI at the point F; can be calculated as the

ratio of @;P5/04F; . It is worth noting that F; is the single efficient HEI as being a point on the

efficient frontier and having & = 1.

Given the example (Figure 1.2) of two inputs (x,and x, ) and one output (q),the efficient
envelopment is constructed from two efficient HEIs: F; and F;, respectively. They become peers

for the Fy unit. Thereafter, the efficiency of F; could be measured by the ratio of &P, /3, F;.

Figure 1. DEA model in the case of 1-1 and 1-2 inputs-outputs set
(x is an input, q is an output).

T2/q

g Efficiency frontier
/ Efficiency frontier
Fy
A e Jo / F3
o, P Fy "5
. 7
. Fy
.Fs P3
I3
@) z ) 71/q
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Appendix 6. Distribution of efficiency scores for homogeneous groups of HEIs,
model 1 and 2

Model 1 \ Model 2
Technical HEIs
Number of HEIs Number of HEIs
16 16
14 g 14
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g8 +—uw R g B
6 o i M W I 6 el W W
4 - 4
2 - 2 +— BB u BB BB
0 0
0102 0304050607 0809 1 010203040506 070809 1
Efficiency score Efficiency score
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20 14
12
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5 _____________________ 4 """""""""""""
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Pedagogical HEIs
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Model 1

Model 2

Socio-economic HElIs
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Model 1 Model 2
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Appendix 7. Descriptive statistics for homogeneous groups of HEIs, model 1 and 2

| Modell |  Model 2
Technical HEIs

71.43 66.91
Average score (%)

16.29 21.05
Standard deviation (%)

Classical HEIs

78.93 67.67
Average score (%)

16.42 20.87
Standard deviation (%)

Pedagogical HEIs
Average score (%) 90.14 70.1
Standard deviation (%) 10.43 21.27
Socio-economic HEIs
Average score (%) 84.76 65.78
Standard deviation (%) 15.57 24.91
Architectural HEIs

94.31 87.05
Average score (%)

9.77 14.68
Standard deviation (%)

Humanities HEIs

84.06 85.40
Average score (%)

17.89 20.54
Standard deviation (%)

All HEIs

Average score (%) 68.18 53.21
Standard deviation (%) 15.74 19.17
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Appendix 8.Robustness Check of DEA results

Table 1. Pearson correlation matrix

Model 1 Model 2
Technical HEIs(tech)
tech DEA m=0.2 m= 0.5 m=0.8 tech DEA m=0.2 m= 0.5 m=0.8
DEA 1 0.9453 | 0.7199 | 0.5569* DEA 1 0.9857 | 0.9004 | 0.8224*
m=0.2 1 0.8323 | 0.6127 m=0.2 1 0.9462 | 0.8572
m=0.5 1 0.6096 m=0.5 1 0.9169
m=0.8 1 m=0.8 1
Classical HEIs (classic)
classic DEA m=0.2 m= 0.5 m=0.8 classic DEA m=0.2 m= 0.5 m=0.8
DEA 1 0.8828 | 0.8492 | 0.7089
*
=02 1 06511 | 05885 DEA 1 0.9866 | 0.9030 | 0.6763
=05 1 0.5642* m=0.2 1 0.9336 | 0.7015
1=0.8 1 m=0.5 1 0.7751
m=0.8 1
Pedagogical HEIs (ped)
ped DEA m=0.2 m= 0.5 m=0.8 ped DEA m=0.2 m= 0.5 m=0.8
DEA 1 0.9834 | 0.8865 | 0.8441* DEA 1 0.9919 | 0.9256 | 0.7545*
m=0.2 1 0.9383 0.8778 m=0.2 1 0.9590 | 0.7927
m=0.5 1 0.8772 m=0.5 1 0.8515
m=0.8 1 m=0.8 1
Socio-economic HEIs (soc_econ)
soc_econ DEA m =0.2 m= 0.5 m=0.8 soc_econ DEA m =0.2 m= 0.5 m=0.8
DEA 1 0.9937 | 0.9795 | 0.8160** DEA 1 0.9877 | 0.9493 | 0.8537*
m=0.2 1 0.9845 | 0.8077* m=0.2 1 0.9757 | 0.8753*
m=0.5 1 0.8674 m=0.5 1 0.9206
m=0.8 1 m=0.8 1
Architectural HEIs (arch)
arch DEA m=0.2 m= 0.5 m=0.8 arch DEA m=0.2 m= 0.5 m=0.8
DEA 1 0.9905 | 0.9709 | 0.7083 DEA 1 0.9433 | 0.7434 | 0.9083
m=0.2 1 0.9823 | 0.6770 m=0.2 1 0.8722 | 0.7890
m=0.5 1 0.7797 m=0.5 1 0.6132**
m=0.8 1 m=0.8 1
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Model 1

Model 2

HumanitiesHEIs (hum)

hum DEA m =0.2 m= 0.5 m=0.8 hum DEA m =0.2 m= 0.5 m=0.8
DEA 1 0.9733 | 0.9016* | 0.9165** DEA 1 0.9792 | 0.9737 | 0.3104*
m=0.2 1 0.9265 | 0.9721 m=0.2 1 0.9849 | 0.1484*
m=0.5 1 0.9696 m= 0.5 1 0.0938*
m=0.8 1 m=0.8 1
All HEIs
all DEA m =0.2 m= 0.5 m=0.8 all DEA m =0.2 m= 0.5 m=0.8
DEA 1 0.9278 0.7345 | 0.5111 DEA 1 0.9856 | 0.8994 | 0.6747*
m=0.2 1 0.7618 | 0.4217* m=0.2 1 0.9396 | 0.6986
m=0.5 1 0.5267 m=0.5 1 0.8015
m=0.8 1 m=0.8 1
Note: * not statistically significant on 10% level of confidence,
** not statistically significant on 5% level of confidence
Table 2. Spearman correlation matrix
Model 1 Model 2
Technical HEIs(tech)
tech DEA m =0.2 m=0.5 m=0.8 tech DEA m =0.2 m= 0.5 m=0.8
DEA 1 0.9538 | 0.6920 | 0.5145 DEA 1 0.9943 | 0.9278 | 0.8230
m=0.2 1 0.7488 | 0.5420 m=0.2 1 0.9392 | 0.8155
m=0.5 1 0.4550* m=0.5 1 0.7896*
m=0.8 1 m=0.8 1
Classical HEIs (classic)
classic DEA m =0.2 m= 0.5 m=0.8 classic DEA m =0.2 m= 0.5 m=0.8
DEA 1 0.9405 | 0.8981 | 0.7808 DEA 1 0.9919 | 0.9472 | 0.7694
m=0.2 1 0.8392 | 0.7372 m=0.2 1 0.9572 | 0.7701
m= 0.5 1 0.6560* m= 0.5 1 0.7401*
m=0.8 1 m=0.8 1
Pedagogical HEIs (ped)
ped DEA m=0.2 m= 0.5 m=0.8 ped DEA m =0.2 m= 0.5 m=0.8
DEA 1 0.9943 | 0.9141 | 0.8384 DEA 1 0.9960 | 0.9722 | 0.8678
m=0.2 1 0.9155 | 0.8451 m=0.2 1 0.9796 | 0.8693
m= 0.5 1 0.7777* m= 0.5 1 0.8544*
m=0.8 1 m=0.8 1
Socio-economic HEIs (soc_econ)
soc_econ DEA m=0.2 m=0.5 m=0.8 soc_econ DEA m =0.2 m=0.5 m=0.8
DEA 1 0.9976 | 0.9817 | 0.8919* DEA 1 0.9953 | 0.9837 | 0.9233*
m=0.2 1 0.9793 | 0.8879* m=0.2 1 0.9822 | 0.9264*
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Model 1 Model 2
m= 0.5 1 0.9229 m= 0.5 1 0.9240%*
m=0.8 1 m=0.8 1
Architectural HEIs (arch)
arch DEA m =0.2 m= 0.5 m=0.8 arch DEA m =0.2 m= 0.5 m=0.8
DEA 1.0000 1.0000 0.9846 | 0.9231* DEA 1 0.9862 | 0.9310** 0.9586
m =0.2 1.0000 0.9846 | 0.9231* m = 0.2 1 0.9586 | 0.9172*
m= 0.5 1.0000 0.9692 m= 0.5 1 0.8759*
m=0.8 1.0000 m=0.8 1
Humanities HEIs (hum)
hum DEA m=0.2 m= 0.5 m=0.8 hum DEA m=0.2 m= 0.5 m=0.8
DEA 1 0.9907 0.9537 0.9722 DEA 1 1.0000 0.9900 0.7800
m =0.2 1 0.9352 0.9907 m =0.2 1 0.9900 0.7800
m= 0.5 1 0.9074* m= 0.5 1 0.7600
m=0.8 1 m=0.8 1
All HEIs
all DEA m=0.2 | m=0.5 | m=0.8 all DEA m =0.2 m= 0.5 m=0.8
DEA 1 0.9327 0.7211 | 0.5012 DEA 1 0.9930 0.9511 0.6605*
m =
0.2 1 0.7328 | 0.4305* m =0.2 1 0.9721 | 0.6639*
m= 0.5 1 0.5156 m= 0.5 1 0.6862
m=0.8 1 m=0.8 1

Note: * not statistically significant on 10% level of confidence,
** not statistically significant on 5% level of confidence
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Appendix 9.Distribution of universities performance by clusters (in points)

Model 1 Model 2
Cluster 2
""Market leaders""
1 1
0,8 0,8
0,6 0,6
04 04
0’2 l 0’2
0 T T 1 0 - T T 1
equal orless equalorless equalorless equal or less equal or less equal or less
than 0.6 than 0.8 than 1 than 0.6 than 0.8 than 1
Cluster 4 ""Potential R&D and education leaders"
1 1
0,8 0,8
0,6 0,6
04 04
0,2 0,2
: N m |, | =
equal orless equalorless equalorless equal or less equal or less equal or less
than 0.6 than 0.8 than 1 than 0.6 than 0.8 than 1
Clusters 1 and 3 "'Niche universities™
1 1
0,8 0,8
0,6 0,6
0,4 0,4
0,2 0,2 .
0 - T T 1 0 T T 1
equal orless equalorless equalorless equal or less equal or less equal or less
than 0.6 than 0.8 than 1 than 0.6 than 0.8 than 1
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Model 1 Model 2
Cluster 5 ""Indeterminate position™

1 1
0,8 0,8
0,6 0,6
04 04
0,2 . 0,2

ol | o o= W

equal orless equalorless equalorless equal orless equal or less equal or less
than 0.6 than 0.8 than 1 than 0.6 than 0.8 than 1

Cluster 6 ""Universities of good standing"*

0,8

0,6

04

0,2

equal or less
than 0.6

T
equal or less
than 0.8

T
equal or less
than 1

0,8
0,6
04

0,2

equal or less
than 0.6

equal or less
than 0.8

equal or less
than 1
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