Formal Concept Analysis for Modelling Students in a
Technology-enhanced Learning Setting

Michael A. Bedek, Michael Kickmeier-Rust, and Dietrich Albert
Knowledge Technologies Institute, Graz University of Technology, Austria

{michael.bedek, michael.kickmeier-rust, dietrich.albert}d
tugraz.at

Abstract. We suggest the Formal Concept Analysis (FCA) as theoreticki bac
bone in technology-enhanced learning settings to support antgudearning
process in two ways: i) by engaging with concept lattices, the strumftine
knowledge domain and the interrelations of its concepts becomeigxgiit i)

by providing visual feedback in form of open learner modelling,sthdent’s
reflection on the own strengths and weaknesses is facilitated. debets, the
FCA provides intuitive visualizations for a set of pedagogically relegaet-
tions, concerning the performance of students on the individsalvell ason

the class-level.
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1 Introduction

The increasing availability of comprehensive technology-enhanced legfhitig
environments or single educational tools and apps enables studerdBytaeeance
their knowledge without direct support from a teacher. However, teacherchi
lenged by the need to provide appropriate learning resources and tokedth u
students’ learning progress without reverting to exams or tests [llearning analytics
and educational data mining are two highly interrelated research fields that aim to
help teaches and educators to make previously hidden insights expkrit[Z])
When applying learning analytics and educational data mining in schtaslsf high
importance to meet the requirements of teachers and students. Teesciadisswant
to have user-friendly tools that help them to reduce the time redoire@arsonalized
assessment and tailored competence development of their students.

We suggest the Formal Concept Analysis (F@4 a framework for addressing
these requirements. A so-called FCA-tool has been developed in the cbtnge o
EU-funded project weSPOT (http://wespot.net/home), which provalé§orking
Environment withSocial andPersonalOpenTools to support students in developing
their inquiry based learning skills. In the context of weSPOT, the FGRiganainly
used by students by guiding them through a knowledge domadefined and re
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riched with learning resources by their teacher. For a more technical desaifttien
FCA-tool's features see [Ih weSPOT, the FCA-tool supports learners by enabling
domain and open learner modellifighe fields of application of the FCA in general,
and the FCA-tool in particular, have been extended in the course bE#ly's BOX
project (http://leas-box.eu/) which stands for Learning Analytics Tmolm the co-

text of LEA’s BOX, the FCA-tool is mainly used by teachers for studedelling
and visualization of educational data. By applying the formal concept analyisis w
students” performance data, a set of pedagogically relevant questiteescfoers can
be addressed and visualized.

2 Formal Concept Analysis

The FCA describes concepts and concept hierarchies in mathematical terms, based on
the application of order and lattice theory [4]. The starting point is theitiafirof

the formal contexK which can be described as a triple M, 1) consisting of a set of
objectsG, a set of attribute and a binary relatioh between the objects and the
attributes (i.e. “g | m” means “the object g has attribute m”). A formal context can be
represented as a cross table, with objects in the rows, attributes in the cahanns
assigned relations as selected cells. An example of a formal context is shbign in

1. This formal context has been created by the FCA-teditor View. Teachers use

the Editor View to define the formal context and to add learning resources (URLs or
files) which can be assigned to both objects and attributes, respectively.
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Fig. 1. FCA-tool's Editor View for creating a domain with objects, attributes, and relations.

In order to create a concept lattice, for each subge6G andB € M, the following
derivation operators need to be defined:

A- A ={meMlgl mforall ge A}, which is the set of common attributes of
the objects irA, and
B~ B :={geGIlgl mforall me B}, which is the set of objects which have all
attributes oB in common.
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A formal concept is a pai®’y( B) which fulfils A’ = B andB” = A. The set of objects
Ais called the extension of the formal concept; it is the set of oltfettencompass
the formal concept. The sBtis called the concept’s intension, i.e. the set of attrib-
utes, which apply to all objects of the extension. The ordered set ofraklfem-
cepts is called the concept lattiBE&K) (see [$ for details), which can be represented
as a labelled line diagram (see Fig. 2)
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Fig. 2. Concept lattice

The concept lattice shown in Fig. 2 has been created by the FCA-tattice
View. Every node represents a formal concept. The extedsadra particular formal
concept is constituted by the objects that can be reached by descentimndrqrat
that node. As an example, the node with the label “Goldfish” has the extension {Gold-
fish, Tree frog}. The intensioB is represented by all attributes that can be reached by
an ascending path from that node. In the example above, the intensimtscohés
able to swim, lives in / on the water}.

3 Domain Learning and Open Learner Modelling

Once the teacher has created the formal context, students can explore the resulting
concept lattice by engaging in interactive graph visualizations (see)FBy 2elet-

ing a node, the corresponding concept’s extension and intension are illustrated
highlighted manner. The concept lattice makes the structure of the knowladgando

and the interrelations of its concepts explicit. Similar as for concept mapsinthisfk
graphic organizer aims to facilitate meaningful learning by activating kmamwledge

and illustrating its relationship with new concepts [6].

In case the teacher also assigned learning resources to the objects and attributes i
the FCA-toolsEditor View open learner modelling can be supported (see Fi¥i8).
ualizations of open learner models (for an overview s§eafg aiming to facilitate
reflection on the side of the students and to support teachers to belézstand
strengths and weaknesses of their students.
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Fig. 3. FCA-toolsLattice View for visualizing domain- and learner models.

The FCA-tool'sLattice View applies the often-used traffic-light analogy (see e.g.
[8]) to show the student the extent to which he or she already conseaneithg e-
sources.

4  Applying the FCA(-tool) as a teacher

Similar as [9 who were the first who applied the FCA with studeanrtd their pe
formance data we suggest forneahtexts with student as “attributes” and problems
or test-itemsas “objects”. The relation between these two sets means “student m has
solved test item g”.
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Fig. 4. Concept lattice with students as attributes (numbers ®bta 23) and test items (letters
a, b, ¢, d, e, andf) as objects (data reported Hy]).
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An example of a concept lattice which results from such a formal contévdwns
in Fig. 4 (the data has been reported b§i)} As briefly outlined in the following
sections, such a concept lattice visualizes answers to a set of pedagogstans
which are of high interest for teachers.

4.1 Depicting information from the formal concepts extensions and intensions

As mentioned above, the set of test items which have been solved by darasticu

dent can be directly depicted from the extension of the formal conceptheititu-

dents” label assigned to it. As an example in Fig. 4, studkis the only one who
solved only a single test itern, and student83 and17 (assigned to the top element

of the concept lattice) mastered all problems. When clicking on a particular node the
formal concept’s extension and intension is highlighted. As an example shdig.

5 (left side), the studefd has successfully mastered the test itaraadb.
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Fig. 5. The extension represents the set of test items solved by a student {see0g)uand
the intension represents the set of students who solved the patgstiiggm (see test ited)

The intension of a formal concept which has an object-label assignethtl- it
cates the set of students which have successfully mastered the actesditegn. As
an example, the problethin Fig. 5 (right side) has been solved by the stugiéht
03, 05, 07 and17. As it can be also seen, this formal concept located above the formal
concept with the object-labelassigned to it. This means, that all students who solved
itemd were also able to solve itegn

4.2  Highlighting overlaps and differences of students performances

The performances of two or more students can be compared exaenining the
intensions of the formal concepts with the according attribute-labels. Asaampkx
the student®7 and15 mastered different subsets of problems (see Fig. 4): St0dent
mastered the itemis, d, e andf while studentl5 mastered the itema, b, c, andf.
Both students mastered itelmsndf (which is the set closure of their intensions) and
together they mastered all problems (which is the set union of theisiionah
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As a teacher, such kind of information might be of great interest gihedps to
effectively arrange groups of students when aiming for colhe;, peer-learning
(where students learn together in groups). In the example abovéydieats07 and
15 together could be tutors for other students.

4.3 Visualizing a classrooms” learning progress over time

The concept lattices shown in Fig. 4 and Fig. 5 are the result ahwlfeontext
which is an evaluation of the students” performances at a certain ptmeirHow-
ever, in some cases it might be of great interest for a teacher to observe tihg learn
progress over a longer period of time. Ideally, all students mighbleeto master all
items at the end of course or the semester. In such a case, &ah tefiformalcon-

text would be filled with crosses. This would result in a concept lattice withanly
single formal concept. Fig. 6 exemplifies such a learning progress over Tihrae
concept lattice in the middle results from adding one solved item to the stugents
formance states (except for the studdl@#sand17). The concept lattice on the right
results from adding another item to the student’s performance states.
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Fig. 6. Concept lattices changing over time reflect the learning progreise ofass of students

In general, the visual appearance of the concept lattice gives a first iinpress
the student’s coherence with respects to their performance: A concept lattice which
looks “complex” due to a large amount of formal concepts is an indication for a high
diversity among the students” performances

5 Discussion and Outlook

In the previous sections, we suggested to apply the FCA to supgpdents and
teachers. Students apply the FCA, respectively the FCA-tool, to learavdekige
domain by interacting with the concept lattice which makes previoiddeh intere-
lationships between the domain’s concepts explicit. In addition to that, a ssudent’
reflection upon his or her learned and gtlearn concepts is supported by an open
learning modelling approach. Summative evaluation studies on the efféiotse
pedagogical principles are still ongoing in the course of the weSPOT project.

In the context of LEA’s BOX, also teachers apply the FCA(-tool) to visutiize
answers to a set of pedagogical questions which are of high interélserior Thee
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pedagogical questions described in this paper are the result of small foqus andu
interviews with teachers in the early phase of the LEA’s BOX projectréshting
visualizations as shown above are currently in the spotlight of formapisaditative
evaluation studies with small focused groups of teachers. Currektomathe teb-
nical side of the project focuses on the development of interactivelizéions
which can be easily used by teachers in the classroom. Early feeabtakchers
concerns the complexity of the concept lattices, in particular when dealingawith
great amount of problems (respectively competences and skills). Qoalcegsearch
and the elaboration of ideas on how to reduce this complexity witeduting the
amount of information which can be extracted and deduced from thalizegions
will be the main focus of our work in the near future.
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