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Abstract 
University rankings proved to be a valuable tool which can attract the attention of various 
stakeholders, as they provide information which can later be used in decision-making processes. 
Therefore, after the introduction of the first world university ranking in 2003, the number of university 
rankings increased and their methodologies became more sophisticated. Nowadays, the rankings tend 
to rank universities based on several dimensions such as research, citations, reputation, teaching, and 
more. Although internationalization plays an important dimension in several rankings, none of them 
ranks universities solely based on the level of internationalization. Herein, we propose the European 
University-Internationalization Index, which aims to provide new insights on this topic of high 
importance. The suggested approach can serve as a foundation for future research on the 
internationalization of universities and university rankings. 

Keywords: Internationalization of higher education, University Ranking, Composite I-distance Indicator 
(CIDI), European Union. 

1 INTRODUCTION  
Internationalisation of higher education is a relatively new phenomenon, which has a broad definition 
and different approaches. Knight [1] attempted to define internationalization of higher education as a 
process of integrating an international dimension into the teaching and research activities of the higher 
education institution. There are two key concepts in this definition that should be emphasized. First, 
internationalization is seen as a dynamic process and not a set of isolated activities and second, the 
definition refers to the basic functions of a higher education institution, namely, teaching, research and 
service to society [2]. Van Vught and associates provided a more detailed definition of 
internationalization in higher education: The transnational mobility of students and staff, 
internationalization of curricula and quality assurance, interinstitutional cooperation in education and 
research, and the establishment of international university consortia. Furthermore, there has been 
strong growth in the cross-border delivery of education, leading to a substantial market in export and 
import of higher education products and services [3, pp. 103]. We can conclude that 
internationalization of higher education is a complex process which demands joint activities of both 
students, staff, and policy makers. 

It is assumed that higher education may function as a catalyst in initiating social change, stimulating 
economic growth and increasing people’s overall sense of life-quality [4]. Therefore, institutions are 
adopting internationalization so as to stay competitive on the global higher education market and to 
offer students global knowledge. Also, internationalization activities are a way to generate alternative 
sources of income, as public funding decreases and operational costs increase [5]. On the other hand, 
mobility of students and academic staff as well as collaborative research projects are seen as 
productive ways to initiate and develop closer geopolitical ties and economic relationships [5]. There 
are various reasons for which an institution might turn to internationalization. 

We should also observe several issues which future policy makers and teachers will encounter when 
dealing with internationalization of higher education. Stier [4] observes that a closer cooperation 
between policy-makers, administrators, teachers and students is desirable. Namely, this means that 
internationalization needs to be understood both at the national level and at the institutional level [5] 
and that without a joint approach the process of internationalization will not have the desired effect. 
Second, Stier [4] believes that internationalization should not be solely based on paperwork, 
administration, and form-issues, whereas it has to have an effect on the course contents. The 
curriculum should be transformed and enhanced with international content and courses should provide 
international and cross-cultural perspectives [6] so as to create an international tone. Next, the 
educators should acquire some international experience in order to be able to create and conduct 
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international courses. The teachers should also sense the internationalization and go through a whole-
of-person transformation so as to gain new perspectives which will later be transferred to their 
respective courses [7]. Namely, they should transform their personal value system [8]. Therefore, as 
Échevin and Ray [9] suggest, we can conclude that internationalization activities could be divided on: 
recruitment of international students, recruitment of international staff members, use of international 
course materials, encouragement of student mobility, and adaptation of course content.  

The European Union (EU) recognized the importance of the internationalization of higher education so 
as to stay competitive on the everchanging higher education landscape. Namely, the first ideas of 
intra-Europe mobility emerged in the 1970 [10]. Since then, many strategies, projects, 
communications, and processes have been conducted to internationalize the European higher 
education. Some of the recent actions were in 2007-2009 when many Member states actively 
promoted their higher education and in 2013 when European higher education in the world strategy 
was launched. Namely, the strategy aims to promote mobility and cooperation between universities, 
EU member states and non-EU countries [11]. The strategy is planned to be applied on institution, 
Member state, and European level. According to the European Commission, Europe attracts 45% of 
all international students worldwide [11], therefore a strategic approach is needed and praised. 

Besides the EU, university rankings have also recognized the effects of internationalization on the 
overall quality of a university. Thanks to the emerging number of world best universities ranking 
methodologies, the academic world is becoming even more concerned with the assessment of higher 
education [12]. Namely, many of world-acknowledged university rankings have included in their 
methodologies indicators which measure the international outlook of an institution. For example, QS 
World University ranking has two indicators related to internalization: International faculty ratio and 
International student ratio. Each indicator has 5% of overall weight, meaning that internationalization 
takes 10% of the overall index value [13]. Times Higher Education (THE) ranking also takes 
internationalization into account. They went a step further than the QS World University Ranking. Their 
International outlook pillar consists of three indicators: International-to-domestic student ratio, 
International-to-domestic staff ratio, and International Collaboration. Although they have three 
indicators, they take 7.5% of the overall index weights as each indicator is weighted 2.5% [14]. Also, 
U21 methodology has a separate pillar Connectivity which aims at measuring the relationship between 
the national higher education system and the industry and other higher education systems [15]. 
However, we can conclude that there is no university ranking which ranks universities by their level of 
internationalization. 

The aim of this paper is to propose a new university raking based on the level of internationalization, 
the European University Internalization Index (EUI Index). The database on which the university 
ranking was tested is the European Tertiary Education Register (ETER) is a database which is 
comprised of European universities. To determine the index structure, the Principal Component 
Analysis (PCA) was employed and the Composite I-distance Indicator (CIDI) methodology was used 
to obtain the weighting scheme. The PCA is widely used for dimension reduction and composite index 
creation [16], [17], while the CIDI methodology was used in several papers to propose data-driven 
weighting schemes [18], [19]. 

The paper is organized as follows: the second section features the proposed European University 
Internalization Index (EUI Index), followed by the statistical methods used to perform the analysis: the 
PCA and CIDI methodology. The research results are presented and elaborated in Section 4, while 
the future directions of the study are given in the next chapter. Finally, we provide the concluding 
remarks. 

2 EUROPEAN UNIVERSITY INTERNALIZATION INDEX (EUI INDEX) 
European Tertiary Education Register (ETER) is a database specially created to collect data from 
European higher educational institutions. It provides a core set of data on a subset of educational 
institutions delivering degrees at the tertiary level [20]. The project began in August 2013 and lasted 
until July 2015. It covered the data collection for the years 2011 and 2012.  

The basic idea of the ETER was to modernize the European higher education by providing reliable 
information which can be used to assess various imposed policies. Also, the obtained information 
could be of help for prospective students who are choosing where to continue their studies, for young 
academics who which to excel their knowledge and skills, but also for government representatives as 
they can compare higher educational institutions on regional or national level. What also makes ETER 
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stand out compared to statistics offered by EUROSTAT is that it provides data for each higher 
educational institution individually. Namely, EUROSTAT provides data on national level or, at best, at 
the regional level. 

ETER currently includes 2785 HEIs in the 36 considered countries and provides data on more than 50 
indicators. The indicators which caught our attention are the indicators related to the share of foreign 
and mobile students at bachelor and master level. The share of foreign and mobile students on PhD 
level was ruled out as 60% of the HEIs in ETER are not universities and do not award a doctorate 
degree [20]. The inclusion of the two indicators would significantly reduce the number of ranked 
universities. Herein, we propose a creation of a composite index, the European University-
Internationalization Index (EUI Index), which will rank universities based on openness to international 
students using the share of foreign and mobile students at bachelor and master level. The EUI Index 
is based on four internationalization-related indicators: Share of foreigner students ISCED 6, Share of 
mobile students ISCED 6, Share of foreigner students ISCED 7, and Share of mobile students ISCED 
7. 

First it is necessary to make difference between foreign and mobile students. According to the 
glossary of the European Commission [21], foreign students are defined as non-citizens of the country 
in which they study. One must have in mind that not all foreign students have come to their country of 
study expressly with the intention of studying. On the other hand, mobile students (diploma/degree 
mobility) are defined as foreign students who have crossed a national border and moved to another 
country solely with the objective to study. In other words, the student has moved from the country of 
origin to the reporting country just to acquire a diploma. When it comes to mobile students, it is 
important to state that the transfer to another country is driven by education. The status of a mobile 
student is maintained for as long as continued education at the same level of education lasts. In the 
case of the ETER dataset, foreign and mobile students are students which they do not have the 
citizenship of the country in which the university is situated. 

Other distinction should be made between ISCED levels 6 and 7. The UNESCO Institute for Statistics 
created the International Standard Classification of Education (ISCED) so as to facilitate the 
assembling, compiling and analysis of cross-nationally comparable data on education programmes. A 
programme is defined as ISCED level 6 if it is a programme on the “Bachelor’s or equivalent level, and 
is often designed to provide participants with intermediate academic and/or professional knowledge, 
skills and competencies, leading to a first degree or equivalent qualification” [17, pp. 51]. ISCED level 
7 programmes, or Master’s or equivalent level programmes are “often designed to provide participants 
with advanced academic and/or professional knowledge, skills and competencies, leading to a second 
degree or equivalent qualification. Programmes at this level may have a substantial research 
component but do not yet lead to the award of a doctoral qualification” [17, pp. 55]. 

The four chosen indicators should encompass the universities’ openness to foreign and mobile 
students on Bachelor’s and Master’s level.  

2.1 Suggested Index framework 
The usually cited slippery slope in the process of creating a composite index are the index structure, 
weighting scheme and the aggregation method employed [23], [24]. To overcome the abovementioned 
issues, we first propose the application of the Principal component analysis (PCA) to determine the 
EUI Index structure and second, the Composite I-distance Indicator (CIDI) methodology [19] to obtain 
the weighting scheme. 

 
Figure 1: The proposed framework for the EUI Index. 

The basic concepts of the PCA and CIDI methodologies are presented in the following Section. 

2.2 Data set 
The initial data set contained all the universities from the EU-28 countries covered by the ETER data 
base for the year 2012 for all four observed indicators. There were 2250 universities, however due to 
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severe lack of data for all four indicators, the data set was reduced to 798 universities. Table 1 
presents the countries, the number of their respective universities covered, and the percentage of the 
sample covered by each member state.  

Table 1.  Member states covered by the EUI Index, the number of universities from each member state, 
and the percentage of the sample covered by each member state. 

Member state Frequency Percent 
Germany 244 30.6 

United Kingdom 142 17.8 
France 81 10.2 
Austria 60 7.5 
Spain 59 7.4 

Portugal 46 5.8 
Finland 30 3.8 
Sweden 29 3.6 
Ireland 20 2.5 

Bulgaria 16 2.0 
Belgium 14 1.8 
Croatia 14 1.8 
Cyprus 13 1.6 

Lithuania 11 1.4 
Denmark 10 1.3 
Estonia 9 1.1 

Total 798 100 

Having a closer look on the data set it can be observed that universities from Germany and United 
Kingdom make together 48.4% of the sample. This is a clear signal that many of their universities 
have foreign and mobile students at both ISCED 6 and 7 and that they have a strategic approach to 
internationalization. On the other hand, HEIs from other EU member states should consider improving 
their internationalization techniques. Namely, only 16 EU member states, which make 35.47% of HEIs 
observed by ETER, have foreign and mobile students at both ISCED 6 and 7. Both the EU and the 
respective member state governments should place more focus on the creation and more importantly, 
implementation of internationalization strategies.  

3 STATISTICAL METHODOLOGY FRAMEWORK  

3.1 Principal component analysis (PCA) 
The PCA was introduced in 1901 by Karl Pearson as a dimension reduction analysis. The PCA aims 
at finding a linear combination of variables that accounts for as much variation in the original variables 
as possible [25]. Namely, a new set of variables is created as linear combinations of the original set. 
The benefits of the PCA have been acknowledged by composite indicator creators and its application 
in the particular field. Namely, it can be used to define the dimensionality of the observed 
phenomenon, to cluster entities, and to define weights [26]. 

3.2 Composite I-distance Indicator (CIDI) methodology 
The Composite I-distance methodology (CIDI) is a novel methodology for creating composite indexes 
based on the results of the I-distance method devised by Ivanovic [19], [27]. The I-distance method 
overcomes the issues of normalization, determination of the weighting scheme, and aggregation [18]. 
However, its results represent distances from a fictive entity what makes them incomparable with 
other currently devised metrics. Therefore, the CIDI methodology attempts to overcome the observed 
issue. It creates a comparable composite index, using the weights which derive from the I-distance 
method. Therefore, the next step in the CIDI methodology succeeding the application of the I-distance 
is to calculate new indicator weights.  
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Pearson’s correlation coefficient is used to measure the importance of each variable for the ranking 
process [28]. Namely, Pearson’s correlation coefficient accounts for the proportion of the variability 
between two variables, therefore, it can identify variables which mostly contribute to the overall I-
distance value. Accordingly, to establish the weighting scheme, it is necessary to acquire information 
about the importance of each indicator for the ranking process. Subsequently, we determine the 
Pearson’s correlation coefficients between the variables and the obtained I-distance value.  

The new weights are formed by dividing the Pearson’s correlation coefficient by the sum of correlation 
coefficients. The formula is given as: 

 

∑
=
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j

i
i

r

r
w
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Where ri, (i=1,...,k) is the Pearson’s correlation coefficient between the i-th input variable and the I-
distance value. The sum of weights obtained using CIDI is 1 [19]. Although the choice of the CIDI 
methodology to create a composite index is subjective, the new weighting scheme is unbiased in 
terms it derives from the collected data, and that no expert opinion has been included in the weighting 
process. 

The final step in the CIDI methodology is to calculate the value of the new index. Usually, the value of 
the new index is obtained as the weighted sum of the framework indicators. However, other 
aggregation methods can be employed, such as weighted geometric mean. 

4 RESULTS 
As explained above the creation of the EUI Index is twofold. The first step is to apply the PCA. Prior to 
its application two pre-tests were run. The Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) 
of 0.516 indicates that the variable selection is acceptable for factor analysis [25]. The obtained p 
value below 0.05 of Bartlett’s test of sphericity rejects that the variables are unrelated and therefore 
unsuitable for structure detection. The factor analysis with the Principal components analysis 
extraction was conducted. Varimax rotation with Kaiser Normalisation is applied to the component 
matrix. For the interpretation, only eigenvalues greater than one are regarded [29]. The analysis 
suggested retention of a single factor which explains 81.94% of variance so there was no rotation of 
factors. The four indicators truly explain one phenomena and should be integrated into a single index. 

The next step in the process of creation of the EUI Index was the application of the CIDI methodology. 
The obtained weights are presented in Table 2. 

Table 2.  Weight of indicators based on the CIDI methodology. 

Indicator CIDI weight 

Share of foreigners students ISCED 6 28.6% 

Share of mobile students ISCED 6 27.6% 

Share of foreigners students ISCED 7 23.2% 

Share of mobile students ISCED 7 20.5% 

Based on the weights suggested by the CIDI methodology it can be observed that the weights are 
balanced, whereas the indicators related to the ISCED 6 have been awarded with a slightly more 
importance. After the weights have been devised, the value of the EUI-Index was computed as the 
weighted sum of the four indicators. The top 10 and bottom 10 ranked universities, their member state 
origin, EUI Index value and rank are provided in Table 3. 

8008



 

 

Table 3.   Top and bottom 10 universities ranked by the EUI Index for the year 2012. 

University Member 
state EUI-Index EUI-Index 

rank 
The Philips College Cyprus 0.965 1 
Global College Cyprus 0.946 2 
The CTL Eurocollege Cyprus 0.942 3 
Lauder Business School Austria 0.906 4 
Jacobs University Bremen Germany 0.773 5 
A.C. American College Cyprus 0.717 6 
Danube Private University Austria 0.715 7 
European Polytechnical University - Pernik Bulgaria 0.676 8 

London School of Economics and Political Science United 
Kingdom 0.627 9 

ESMOD Berlin Internationale Kunsthochschule für Mode (Priv.) Germany 0.587 10 
… … … … 
Sveučilište Sjever Croatia 0 789 
Generolo Jono Žemaicio Lietuvos karo akademija Lithuania 0 790 
Fachhochschule für Rechtspflege NW, Bad Münstereifel Germany 0 791 
Fachhochschule für öffentliche Verwaltung Nordrhein-
Westfalen Germany 0 792 

Fachhochschule der Sächsischen Verwaltung Meißen Germany 0 793 
Sisekaitseakadeemia Estonia 0 794 
Kaitseväe Ühendatud Õppeasutused Estonia 0 795 
Visoko gospodarsko ucilište u Križevcima Croatia 0 796 
Politehnika Pula, Visoka tehničko-poslovna škola s pravom 
javnosti Croatia 0 797 

Visoko učilište Algebra – Visoka škola za primijenjeno 
računalstvo, Zagreb Croatia 0 798 

Table 3 shows that universities from Cyprus top the list. Among them there are two German 
universities and one university from Austria, Bulgaria, and United Kingdom. The last three places are 
taken by universities from Croatia, followed by two universities from Estonia and three from Germany. 

What could also be interesting to observe is the descriptive statistics of the newly calculated EUI 
Index. The obtained statistics are presented in Table 4. 

Table 4.  Descriptive statistics of the EUI Index. 

EUI Index Value 
Mean 0.147 

5% Trimmed Mean 0.133 
Median 0.107 

Variance 0.019 
Std. Deviation 0.136 

Minimum 0.000 
Maximum 0.965 

Range 0.965 
Interquartile Range 0.143 

Skewness 2.097 
Kurtosis 6.715 
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The mean value of the index is 0.147 which is low compared to the maximum value of 1 that the index 
can theoretically reach. The median is 0.107 meaning that 399 universities have the value of EUI 
Index which is less than 0.107. If we look the minimum and maximum we can see that the maximum 
value is 0.965 achieved by The Philips College from Cyprus. Interquartile range is 0.143 which means 
that 50% of all universities are highly concentrated. Based on the values of the skewness coefficient 
the EUI index is highly positively skewed meaning the right tail is longer and that the mass of the 
distribution is concentrated on the left, close to 0. The kurtosis above 3 means that the EUI index is 
leptokurtic. 

An interesting visualisation can be used to present the values of the EUI Index, the violin plot. A violin 
plot shows the median of data and a box indicating the interquartile range. What makes this plot 
different from others is its ability to provide a better indication of the shape of the distribution and to 
point out the existence of clusters [30]. The violin plot presented on Figure 2 was created using R and 
packages sm and vioplot [31], [32]. As presented on the plot, we can perceive that there are significant 
outliers, and that most of the index values is between 0.0 and 0.2. 

 
Figure 2: Violin plot of the EUI Index. 

As the values of the index are highly skewed to the left and highly concentrated, it would be interesting 
to additionally analyse the percentiles. Namely, the 95th percentile is 0.402, meaning that for an 
institution to be in the top 5% of the ranked universities it needed a result above 0.402, which is not 
such a high value. The 90th percentile is 0.325 meaning that only 0.077 index points makes the 
difference between the top 5% and top 10% universities. The percentile curve is given in Figure 3. 

 
Figure 3: Percentile curve of the EUI Index. 

5 FUTURE DIRECTIONS OF THE STUDY 
During our research, we could identify four possible future directions of the study. First, the post-hoc I-
distance approach which could be used as a sensitivity analysis and as a tool for variable reduction 
[33], [34]. The I-distance post-hoc is an iterative approach based on the application of the I-distance, 
whereas after each iteration the least significant variable is removed from the framework. This method 
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could prove to be very useful, especially when there is a large number of variables included, as it can 
speed up the data collection process and lower its costs. 

The comprehensive analysis of the EUI Index values indicates that a large percent of the observed 
institutions has indicator vales of 0. To obtain more meaningful results, the universities which have 
values of indicators close or equal to 0 could be removed from the ranking. Another possible solution 
could be to add more indicators so as to observe other dimensions of internationalization. Currently, 
the index observed just the openness to foreign and mobile students on Bachelor’s and Master’s level. 
The index spectre could be extended with the foreign and mobile staff members and foreign and 
mobile students on the PhD level, although it would reduce the number of observed institutions. 

The process of creating a composite index is not a straightforward task [35]. Some of the process 
stages are covered with the veil of uncertainty such as normalization, aggregation method, weighting 
scheme, and the data imputation method. Therefore, two statistical tools are recommended to deal 
with the above-observed issues: uncertainty analysis and sensitivity analysis [36]. Namely, uncertainty 
analysis aims at depicting how specific methodological assumptions influence the overall composite 
index values. The next step is the sensitivity analysis as it is based on the results of the uncertainty 
analysis. Sensitivity analysis sheds light on how the observed composite indicator values depend on 
the methodological assumptions simulated by the uncertainty analysis. Namely, each of the recorded 
uncertainty analysis values is graphically presented to visualize the overall entity rank dispersion due 
to methodological assumptions [19], [37]. In our case, we suggest the application of both uncertainty 
and sensitivity analysis of the EUI-Index to assess its stability. 

In the last several years a new approach in university assessment emerged – the application of data 
mining techniques. For example, Rossi and Rosli [38] applied a hierarchical clustering algorithm to 13 
chosen indicators to group 131 English university by their knowledge transfer profile. In a more recent 
study Raponi et al. [39] suggested a new biclustering approach to university assessment. They 
employed their new method for clustering 55 Italian economic faculties using 24 indicators. On the 
other hand, Zaboev et al. [40] employed a clustering method based on the self-organizing Kohonen 
maps to analyse valuating the positions of the European and Russian universities in the world 
university rankings. They considered indicators of three world rankings: ARWU, THE WUR, QS and 
bibliometric indicators from the InCites™ database, Web of Science and Scopus. In their research, 
they clustered 692 universities using eight indicators. Another interesting research was conducted by 
Škrabuľáková et al. [41] who clustered 80 European universities using hierarchical cluster analysis 
(HCA) and non-hierarchical cluster analysis (Non-HCA). They showed that both methods can be used 
with great success to cluster universities. Lead by the above-presented research we suggest the 
application of clustering algorithms on the chosen four EUI-Index indicators. 

6 DISCUSSION AND CONCLUSION 
In the last few decades, the topic of internationalization in higher education has gained increasing 
attention of researchers and policy makers [42]. Their research results and policies call upon 
universities and colleges to internationalize [43] so as to stay competitive and attract prospective 
students and academics. In order to provide policy makers and university administration a new metric 
for ranking European universities based on their level of internationalization, herein we proposed a 
new university ranking, European University Internationalization Index (EUI Index). 

The presented paper attempts to provide a new, data-driven approach to the construction of 
composite indicators. First, by applying PCA and second, by applying the CIDI methodology to 
determine the weighting scheme. What differs our approach is that its weighting scheme is based on 
the collected data, meaning there is no possible bias from experts’ opinion. University rankings have 
been criticized for their biased weighting schemes (e.g. [44], [45]) and our EUI Index overcomes this 
obstacle. Although the suggested framework has several benefits, clearly, future studies are proposed 
for further refinement of the EUI Index. 

As any ranking, there are limitations which should be observed with caution [18]. The limitations of the 
presented framework appear on two levels: on the input level and on the interpretation of the output. 
Namely, the indicators published by ETER are based on shares of foreign or mobile students, 
whereas there is no information on the actual size of the institution. The usage of share is biased 
towards small, private institutions which have students from abroad. Therefore, the final results of the 
EUI Index should be interpreted with caution, without making straightforward conclusions. 
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We believe that the proposed PCA-CIDI approach for the construction of composite indices and 
devising new weighting schemes could initiate further research on the topic of the composite index 
methodologies. We also hope that our proposed EUI Index will lead to creation of new, more 
comprehensive university ranking which will rank universities solely by their level of 
internationalization. 
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