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The aim of this paper is to present a case study in the analysis of university applications to the Higher School of Economics
(U-HSE), Moscow. Our approach uses lattice-based taxonomies of entrants’ decisions about undergraduate programmes. These
taxonomies were built by means of Formal Concept Analysis (FCA). FCA is a well-known algebraic technique for objectattribute data analysis. Admission data as well as formalised survey data were used to reveal possibly significant factors of
entrants’ decisions. In this paper we argued that institutional characteristics of the admission process are highly correlated with
entrants’ choice. The obtained results are helpful to the university to correct the structure and positioning of its undergraduate
programmes.
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1.

INTRODUCTION

The aim of this paper is to present a case study in the analysis of university applications to the Higher
School of Economics (U-HSE), Moscow.
Decision-making process of potential students is a popular topic among researchers of higher education,
because of it value for understanding university positioning. Nevertheless, not many works cover speciality
choice issue - much more of papers study factors influencing university choice. Many papers on speciality
choice try to investigate factors influencing prospective students decision on particular faculty selection
(e.g., [Chang et al. 2006]). Some investigations are focused on speciality choice during last courses of study
(e.g., [O’Herrin et al. 2003]). We found paper [Akbulut and Looney 2007] most relevant to our study - it
tests a model aimed at identifying and explaining the mechanisms that shape student choice of computer
science.
To analyse the data we mainly use a well-known algebraic technique called Formal Concept Analysis
(FCA) [Ganter and Wille 1999]. There are applications of FCA in such fields as linguistics [Priss 2005],
social networks analysis [Freeman and White 1993; Roth et al. 2006; Kuznetsov and Ignatov 2009], machine
learning [Kuznetsov 2004], data mining [Poelmans et al. 2011] and software engineering [Tilley et al. 2005].
A common usage of FCA implies building of so-called concept lattices based on corresponding formal
contexts. From a graph-theoretic point of view, a formal context is a bipartite graph where one part is a set
of objects and the other part is a set of attributes. An edge between an object and an attribute means that
an object has an attribute. Thus in most cases we represent a context as a biadjacency matrix or in terms
of FCA a cross table. In terms of bipartite graphs a formal concept is a maximal biclique of a context. In
a cross table a formal concept is a maximal rectangle filled with crosses with respect to any permutation
of rows and columns. A formal concept consists of an extent and an intent. An extent is the set of objects
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which have all attributes from an intent. Similarly, an intent is the set of attributes common for all objects
from an extent. A set of all concepts are ordered by a generalization relation ≤ defined as follows. If A ⊆ C
(equivalently, D ⊆ B) stands for a concept extent A and another concept extent C then (A, B) ≤ (C, D),
that is the concept (C, D) is more general than (A, B). A set of all concepts and a relation ≤ forms a concept
lattice. A concept lattice can be viewed as an overlapping taxonomy for underlying categories (concepts).
The rest of the paper is organized as follows. In the next section, we present our case study, describe the
admission process to U-HSE and our data, explain the data preprocessing step, and discuss the results of
our analysis in the end. Section 3 concludes the paper.
2.
2.1

CASE STUDY: ADMISSION PROCESS TO U-HSE
Background

Assuming probable confusion of the Russian educational system, we must say a few words about the Higher
School of Economics1 (U-HSE) and its admission process.
Nowadays U-HSE is acknowledged as a leading university in the field of economics, management, sociology,
business informatics, public policy and political sciences among Russian universities. Recently a number of
bachelor programmes offered by U-HSE has been increased. Currently U-HSE offers 20 bachelor programmes.
We consider only bachelor programmes in our investigation. In order to graduate from school and enter a
university or a college every Russian student must pass a Unified State Exam (Russian transcription: EGE),
similar to US SAT–ACT or UK A-Level tests. During 2010 admission to U-HSE, entrants were able to send
their applications to up to three programmes simultaneously. Some school leavers (major entrants of U-HSE
bachelor programmes) chose only one programme, some – two, and some – three. Then entrants had to
choose only one programme to study among successful applications.
2.2

Data

2.2.1 General Information. We used data representing admission to U-HSE in 2010. It consists of information about 7516 entrants. We used mainly information about programmes (up to three) to which entrants
apply2 . Exactly 3308 entrants successfully applied at least to one programme, but just 1504 become students.
Along with this data we also used the data of entrants’ survey (76% of entire assembly).
Further in the paper we mostly used data for the Applied Mathematics and Informatics programme to
demonstrate some results. The total number of applications to the Applied Mathematics and Informatics
programme was 843, of which 398 were successful but only 72 of them were actually accepted into the
program. It might seem confusing only 72 out of 398 eligible prospective students decided to enroll, but since
the admission process was set up in two stages, and at each stage only 72 entrants were eligible to attend
the program, some of them decided to go for a different programme or university. As a result, the number of
entrants whose applications were successful in any way came down to 398. Such situation is typical for all
the bachelor programmes at U-HSE.
2.2.2 Preprocessing. FCA requires object-attribute data. In our case objects are entrants and programmes
they apply to are attributes. Together they are treated as a context. A series of contexts were constructed.
Namely, we built a context for every programme where objects were entrants applying to that programme
and attributes were other programmes they applied to. We built a separate context for every programme
because it is meaningless to consider all programmes at once as programmes are very different in size and
the resulting lattice would represent only the largest of them.
1 http://www.hse.ru/en/
2 U-HSE is a state university, thus most of student places are financed by government. In this paper we consider only such
places.

Likewise, we built a context for every programme where objects were entrants and attributes were programmes to which entrants successfully applied as well as the programmes that the entrants decided to enroll
into, including those at other universities.
These contexts were then used to build concept lattices. Since the resulting lattices had too complicated
a structure to interpret, we filtered concepts by their extent size (extent size is the number of objects, in our
case it is the number of entrants), thus remaining concepts express only some of the more common patterns
in entrants decisions.
2.3

Results

2.3.1 Entrants’ choice of programmes to apply. To which programmes entrants often apply simultaneously? Trying to answer this question for every programme, we built diagrams3 similar to figure 1. Such
diagrams help us to reveal common patterns in entrants choices. Let us explain what the diagram in figure 1
represents. This diagram (also known as a Hasse diagram or a line diagram) is a diagram of the partial order
on formal concepts. Typical applications of FCA imply building formal concept lattices discussed earlier,
but here we filter concepts by extent size to avoid complexity caused by noise in the data; this reduction
technique is well-known to the data mining community as so called ”iceberg lattices” [Stumme et al. 2002].
Thus the order on remaining concepts is no longer a lattice, it is a partial order. Meaning of the labels on
the diagram is obvious. A label above a node is a programme, a label below a node is a percent of entrants
to Applied Mathematics and Informatics programme who also applied to programmes connected to a node
from above. For example, the most left and bottom node on the diagram means that five percent of applied
math’s entrants also apply to Mathematics and Software Engineering. Then if we look at the nodes above
the current node we may notice that ten percent Applied Mathematics and Informatics applicants also apply
to Mathematics programme, and 70 percent also applied to Software Engineering.
Now let us try to interpret some knowledge unfolded by the diagram in figure 1. 70 percent of entrants
who applied to Applied Mathematics and Informatics also apply to Software Engineering. The same diagram
for Software Engineering states that 80 percent of Software Engineering applicants also apply to Applied
Mathematics and Informatics. How this fact can be explained? Firstly it can easily be explained by the fact
that these two programmes require to pass the same exams. Therefore there were not any additional obstacles
to apply to both programmes simultaneously. Another possible explanation is that it is uneasy for entrants
to distinguish these two programmes and successful application to any of them would be satisfactory result.
Analysing diagrams of other programmes’ applications we found that equivalence of required exams is
probably the most significant reason to apply to more than one programme.
2.3.2 Entrants’ ”Efficient” choice. If an entrant successfully applied to more than one bachelor programme he or she must select a programme to study. Unlike the previous case, entrants have to select
exactly one programme which gives us more precise information about entrants preferences. For that reason
we define this situation as an efficient choice, efficient in the sense of more expressive about true entrants
preferences. Figure 2 presents the efficient choice of entrants to Applied Mathematics and Informatics programme. The meaning of diagram labels is almost the same as in figure 1. Programmes without plus sign
(+) are successful applications, programmes with preceding plus sign are programmes chosen to study by
entrants. Label ”- Other -” means that the entrant canceled his application preferring another university or
not to study this year altogether.
Together with diagram in figure 1 this diagram provides us with more precise knowledge about preferences
of entrants to the Applied Mathematics and Informatics programme. More than two thirds of entrants
3 As any other data mining technique FCA implies an intensive use of software. All diagrams mentioned in this paper have been
produced with meud (https://github.com/jupp/meud-wx). Meud is mainly developed by Nikita Romashkin and currently is in
far pre-released state.
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Fig. 1. Other programmes which entrants of Applied Mathematics and Informatics programme also apply.
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Fig. 2. ”Efficient” choice of entrants to Applied Mathematics and Informatics programme.

who successfully apply to the Applied Math programme nevertheless prefer to study at another university.
Whereas just 18 percent of successful applicants then become students on the Applied Mathematics and
Informatics programme. Exactly 5 percent prefer to study Software Engineering and 5 percent of entrants
who choose Applied Mathematics and Informatics also successfully applied to Software Engineering. It can
be interpreted as equality of entrants preferences concerning these two programmes. Additionally, 5 percent
prefer Business Informatics and only two percent of entrants who prefer Applied Mathematics and Informatics
also successfully apply to Business Informatics, therefore in the pair Business Informatics and Applied
Mathematics and Informatics the latter one is less preferable by entrants.
Here we should note that the sum of nodes percents with labels containing plus sign and node ”- Other
-” must equal to 100%, however here it does not because we excluded some nodes during filtering.

We built diagrams of ”efficient” choice for every programme. Analysis of these diagrams helps us to recognise some relations between programmes in terms of entrants preferences. For example, some programmes
in most cases is rather backup than actual entrants preference. Some programmes are close to each other
by subject of study, these relations are also expressed by diagrams. With help of formalised survey data we
found some possible factors of entrants’ choice among some particular programmes. These knowledge can
help our university to understand entrants’ attitude to its undergraduate programmes and thus correct the
structure and positioning of them.
3.

CONCLUSION

We demonstrate a possible usage of FCA taxonomies in the field of educational data mining. After presenting
some basic notions of FCA, we provide a case study of university admission process mining by means of
FCA.
We present examples of diagrams obtained with help of FCA and provide a possible interpretation in two
slightly different cases. Our main statement is that FCA taxonomies are a useful tool for representing objectattribute data which helps to reveal some frequent patterns and to present dependencies in data entirely at
a certain level of details. Some interesting patterns then can be analysed separately and more carefully with
help of other supportive data, for example, formalised survey data.
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