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Graph based data mining and network analysis have become widespread in the last decade
since these tools have been proved to be extremely applicable and useful in a wide range of ar-
eas including biology, economy and social sciences, among others. The large amount of avail-
able data allowed us to study of such large-scale systems that appears in the mentioned areas.
Usually, these complex systems can be represented by graphs (or networks), where vertices (or
nodes) stand for individuals, while edges (or links) represent the interaction between pairs of
these individuals (for an excellent review, see e.g. [1]). The network approach is not only useful
for simplifying and visualising this enormous amount of data, but it also very effective to pick
up the most important elements and find their most important interactions. Besides, several
techniques have been developed to explore the deeper topological features of a network, such
as community structure [2], core-periphery structure [3] or small-world property [4] and scale-
freeness [5]. Ranking individuals based on their position in the model interaction graph has
also become an important direction of studies in the last decade. Random walk based ranking
algorithms (such as the widely-known PageRank algorithm by Google), that were originally
developed for ranking web pages, have been used recently for such different purposes like ci-
tation network analysis [6], ranking in sports e.g. in [7, 8] or evaluating the quality of wines and
skills of the tasters [9], etc.

In this work, by following the complex network approach, we introduce a novel example
of a real social system taken from the world of public education. Since a huge amount of data
(that is more accurate as well) is produced by a complex administrational software system of
educational institutes, new type of data processing methods are required to handle with it in
order to information extraction, instead of the classical statistical analysis. The maintainers,
the leaders and the teachers of the institute, the students and their parents would have asked
new type of questions about the educational work and quality of the institute, the teachers and
students. Such questions, among others, can be the following:

e Can we say something more useful about the efficiency of the teachers” work by using
this data than by using the classical questionnaire system?

e Can we make spectacular statements that are easier to understand, e.g. with data visual-
ization techniques?

e By applying new type of models, can we get results that are modeling the reality better,
than the simple statistical statements, e.g. for comparing the achievements of the students
in the same year?

e Can we "measure" the improvement of the students and by using these results, can we
detect accidentally occurring problems, like drug use, alcoholic problems, crisis in the
family, etc.?

We define several suitable network representations of the system with the goal of answering
or partially answering these questions. Depending on the construction of the underlying graph
we consider three different network models. First we construct an undirected, weighted graph
based on various similarity measures between students (in the same school and year) and in-
vestigate the topological features, especially the community structure of it. Second we define a
directed and weighted graph based on the same data set and apply a ranking algorithm to this
network in order to quantify the achievements of the students. Third we construct a bipartite
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graph of students and teachers that can be used to compare both the students and teachers
with each other according to different aspects. Although we use different algorithms to handle
with the different representations, we try to analyze the results simultaneously to get a clear
and detailed picture about the achievement and quality of students and teachers and to answer
such questions mentioned above.
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