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Abstract
Internationalisation plays a key role for universities. International cooperations amongst researchers, departments and
universities contribute to the capacity, output and reputation of academic institutions. Many universities have programs
to strengthen and enable international relations on all scales. However, in order to understand the success of such
programmes it is needed to define internationalisation through indicators, which can be measured and monitored.
In this paper possible indicators for measuring internationalisation of universities will be discussed, a selected set for
TU Wien analysed and a semantic model for defining processes related to internationalisation at a university will be
presented. Such a model is a key underpinning element for visualising international relations of academic institutions
through cartographic representations and visualisation portals

1. INTERNATIONAL RELATIONS OF ACADEMIC INSTITUTIONS
Higher education systems, such as universities, are confronted with ever increasing demands to improve their
reputation, attractiveness and quality in the context of the globalisation of knowledge, which leads to an increased
competition at national and international level. Internationalisation is one of the most important criterias that must be
taken into account when it comes to the performance and position of universities in rankings (Bas, Boquera & Carot,
2017).
In a very general sense International relations represent a multidisciplinary field that generally can include aspects of
political economy, foreign policy analysis, development studies, environment, international security and much more
(Department of International Relations, San Francisco State University, 2019). When focusing on the international
relations of a university the areas of concern are especially the international activities of the academic staff and students,
both in respect to research and teaching.
According to Brandenburg and Federkeil, internationality is the current status of an institution at a given point in time
with regard to international activities. In contrast, internationalization is a process in which an institution changes from
an actual status of internationality at time X to a modified status of internationality at time X+N. The result is the
difference between the actual status of internationality and the desired status at the end of a period (Brandenburg &
Federkeil, 2007). According to Polak the following activities form the basis of a university's internationalisation process
(Polak, 2017).
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Figure 1 Common International University Activities
It is also important to differentiate, that international relations can be measured at different entity levels such as
institutional (faculty and university staff), sectoral (technical universities), national, regional or even global (Sanderson,
2007).
In order to compare the internationality and internationalisation of different universities, a standardised approach for
measuring these aspects must be developed. For such a standardized approach the use of representative indicators of the
phenomena are desirable. A comprehensive list of potential universities was introduced by Brandenburg & Federkeil
(2007). The most commonly used methods for data collection are surveys and institutional data. The institutions
themselves play the most important roles in the collection of data, thus ensuring a precise assessment of
internationalisation activities (Beerkens, Brandenburg, Evers, van Gaalen, Leichsenring &Zimmermann, 2010).
There are two categories of sources on which an indicator set can be based. In the first case, indicators are based on
expert assessments and knowledge about internationalization, because theory and practice show that these indicators are
important for measuring the internationalization of institutions. In the second case, the universities themselves must
judge whether an indicator is useful for analysing the internationalization and whether the necessary data should be
collected (Brandenburg & Federkeil, 2007). Whatsoever, the main aspect remains, that the selected indicators describe
both internationality at the current point in time and the process of internationalization within a certain time span. In this
way, a development of the measured values can be statistically measured, such as growth or decrease in numbers within
a certain period.

2. INTERNATIONAL RELATIONS OF TU VIENNA
2.1 Selection of indicators
The selection of indicators which are representing the International Relations of TU Vienna should be inline with the
broader internationalization goals of TU Vienna. As a starting point of the selectioning the “Development plan 2013+”
of TU Vienna was analysed, where the strategic guidelines of TU Vienna were defined. Indicators were chosen from the
IMPI-Toolbox (Indicators for mapping & profiling internationalization) and the CHE-Toolbox (Centre for higher
education development), because their indicators are among the best known. The international activities of TU Vienna
were split into 3 sections: “Students”, “Staff and research” and “Education and studies”. A total of 21 indicators were
selected.
Student mobility is important for measuring internationality and internationalisation because of the correlation with the
perceived quality of the study programmes. In the project "TU Vienna Global Strategy 2013+" it was emphasised that
TU Vienna promotes the mobility of TU master and doctoral students. According to Polak, mobility of "incoming and
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outgoing students" contributes to the internationalisation process of a university (Polak, 2017). For this reason,
indicators have to be selected that take into account the incoming and outgoing exchange students:
Students- 6 indicators
•
•

Study abroad – 3 indicators
International students – 3 indicators

Example for indicator from the section “Students”:
What proportion of students from the unit participate in outgoing exchange or mobility programmes in a given year?
The mobility strategy of the Vienna University of Technology is intended above all to enable young researchers to gain
international and scientific experience and establish contacts (Vienna University of Technology - TU Vienna, 2014). It
can be noted that the following international activities of an academic staff member play a significant role in the
formation of international relations: Participation in international research projects and publications, lectures at
universities abroad, participation in conferences, stays at foreign universities as visiting professor, visiting researcher or
guest lecturer (Polak, 2017). Therefore the section “Staff and research”, covering the international activities of the
academic staff of Vienna University of Technology, include the following indicators:
Staff and research – 12 indicators
•
•
•
•
•

International mobility of academic staff – 6 indicators
Research projects – 1 indicator
Publications – 3 indicators
Patents – 1 indicator
Partnerships – 1 indicator

Example for indicator from the section “Staff and research”:
Proportion of professors who have spent at least 1 semester abroad relative to the total number of professors
When assessing internationality and internationalisation a final section of concern is "Education and studies". As part of
this the overall policy of TU Vienna is promote mobility abroad as "securing language courses as well as the courses on
Transferable Skills in the soft skills catalogue for all students" (Vienna University of Technology - TU Vienna, 2014).
A suitable indicator must be selected for this objective formulated by the Vienna University of Technology:
Education and studies – 3 indicators
Example for indicator from the section “Education and studies”:
Out of all courses offered by the unit in a given year, what is the proportion of courses taught in a foreign language?

2.2 Data collection for the indicators
All indicators need reliable, up-to-date and comprehensive data. There are several souces of data which can be used and
it became clear during the research, that further efforts need to be taken to harmonize and streamline data acquisition
and modelling for enabling the seeked analysis and reasoning towards internationalisation. The following sources have
been identified:
•
•
•
•
•
•
•

Public statistics at the website of TU Vienna
Research database of TU Vienna
Individual websites of the faculties
Publication database of the TU Vienna
Citation database “Web of Science”
Section “International Office” at the website of TU Vienna
Internal Information and administration database of TU Vienna

It should be mentioned that only TU Vienna has access to the larger part of the data, thus most of the data is not
publicly available.
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3. SEMANTIC DATA MODEL
A semantic data model is a method for structuring data in order to present it in a certain logical way. It is a conceptual
data model that contains semantic information that adds fundamental meaning to data and relationships. An entity
relationship model is used as the basis for database design. Before using "SQL" language to set tables and relationships,
the ER model must be planned, which describes how the database structure can be built. The basic elements of any
entity relationship model are: entities, relationships and attributes.

Figure 2 Entity-Relatonship Model of International Relations of TU Vienna
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An entity is understood here as a single and uniquely identifiable information object. Attributes and relationships can be
assigned to entities or other information objects. The entities can be used to model complex data sets clearly (Luber,
2019). For example, the individual researchers and professors of TU Vienna should be stored as entities. The attributes
can be different, e.g. researcherID, first and last name or nationality. The attribute values represent the actual
information, e.g. attribute = "Web of Science researcherID", attribute value = "AC-5507-2019".
A list for all twenty-one indicators was then created describing how the selected indicators can be calculated based on
the semantic relationships of the entities. Such an example of the above described indicator 01-003 can be:
•

Entity-“students”(attributes: student status=”ordinary student”), who study at the institution with
name=“Technical University Vienna” and participate in mobility programs in a certain year/ Entity“students”(attributes: student status=”ordinary student”), who study at the institution with name=”Technical
Unviersity Vienna”.

4. METHODS FOR VISUALIZATION OF INTERNATIONAL RELATIONS
Based on the semantic data model of international relations several visualization approaches could be applied to present
the international relations.

4.1 Approaches for visualizing semantics
There are different approaches for visualizing semantic information which focus on presenting different aspects of
semantic structure and attributes. As showed in the ER-Diagram, the semantics may contain various levels of
information. Existing approaches utilize various graphical representation techniques from visual computing, visual
analytics and information visualization.
The most frequently used approaches for visualizing semantic data are categorized into:
•
•
•

Hierarchical semantics visualization
Relational semantics visualizations
Entity-based semantics visualization

The first approach is focused on visualizing hierarchical aspects of semantic information. Hierarchies provide the
opportunity to categorize domain-specific resources in inherited concepts and allow a topic-related access to the
modeled domain knowledge. Users are able to locate a search topic in the hierarchical structure and get thereby a
starting point to abstract his query by querying the parent node or precise his search by choosing a sub-node.
Hierarchies can be visualized in various ways: nested, treemap, indented, or top-down and left-right structures
intuitively as hierarchies (Nazemi, Burkhardt, Ginters & Kohlhammer, 2015).
Relational visualizations play an essential role in visualizing semantics. The natural structure of semantics is
predestinated for visualizing semantic relationships and thereby a structural view on the domain of given knowledge. A
relational view on semantics is important, due to the ability to get an overview of the entire knowledge space or see the
relations of resources to interact and browse for a knowledge path (Nazemi, Burkhardt, Ginters & Kohlhammer, 2015).
Entity-based semantics visualization is designed for search tasks. The above mentioned approaches for graphically
representing the relationships or hierarchies are secondary and are frequently used to support the search process. The
entity-based visualizations are aimted at giving a kind of interactive “picture” on the entities that builds the content of
the underlying visualized data. This kind of visualizations are useful for mapping the entity to a certain contextual
information, e.g. time, location, or semantic similarity (Nazemi, Burkhardt, Ginters & Kohlhammer, 2015).

4.2 Visualization options
Aiming for a web-based portal of visualising a semantic model of international relations of a university requires a
basemap, thematic cartographic methodology, interactivity functionality and dynamic mapping due to contemporary
standards. Some of the most frequent used visualization options are column diagrams, circle diagrams, line diagrams,
scatter diagrams and bubble charts. Since the focus here is visualization of International Relations, diagrams can be
combined with world maps. The following options can be used for such purpose:
•

Bubble Chart Map: A combination of a bubble chart and a map. It can be used to visualize places and
proportions in a simple way. The size of the bubbles can represent different indicators
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•

Connection – Map: Displaying a network in combination with geographical data by combining color or pattern
to the lines or inserting another type of illustration (e.g. bar chart or pie chart)

Those visualisation options need to be embedded in an interactive framework allowing for exploring the attributes of
every entity (e.g. researcher, department, faculty), every attribute (e.g number of publications, time of empolyment etc)
and relations (collaborations, travels, visits, joined activities etc), thus a model for a selection menu was created
regarding the different aspects of internationalization, allowing a user to analyse internationalization at different levels.
A specific visualization option is selected for each indicator. The most of the indicators can be represented with a single
number in percent. What proportion of students from the unit participates in outgoing exchange or mobility
programmes in a given year?
For in-depth analysis of a certain aspect the user should receive more information. For example, the aspect “Study
abroad” cotains three indicators: the first measures the proportion of students from the unit that participates in outgoing
exchange or mobility programmes and the other two measure the propotion of graduates that have completed an
internship or a semester abroad. The user should get additionally the following information:
•
•
•
•

The user should be able to limit the search to a ceratin period of time and as a result a web page opens with
data on the indicators and two interactive web maps.
The first visualizes the completed semesters abroad, the second – the completed internships abroad.
In addition to the web map, a bar chart with x-axis target country and y-axis number of students who have
visited the target country can be created.
In order to measure the internationalization process, a line chart can also be produced, which visualizes the
change in the values of the indicators.

5. SUMMARY
International Relations become crucially important for universities. In order to be able to coomunicate those it becomes
necessary to define the underpinning processes and indicators, representing these international relations, and to model
them accordingly. By this an overall reflection on the relevance and importance of internationalization can contribute to
a clearer understanding and awareness. In this paper a semantic approach for defining and modelling releted processes
of activities in relation to internationalization of a university is proposed, which can underpin visualisation portals
aiming for depicting and exploring international relations.
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