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Abstract There is a large number of learning managemenesysas well as in-
telligent tutoring systems supporting today’s ediocel process. Some of these
systems relay heavily on use and reuse of leamijects. A lot of work has been
done on creating, storing, classifying and filtgriearning objects with respect to
a specific subject. Considerable amount of rese&ochses on facilitating the
process of reusing already available learning dbjethis work is devoted to a
study of a decision making process related to reeentding the most appropriate
learning objects to each particular student.

1 Introduction

Learning objects are the core concept in an apprtmtearning content in which
content is broken down into "bite size" chunks. S&hehunks can be reused, inde-
pendently created and maintained, and pulled agadt stuck together like so
many legos, [25].

Learning technology systems and interoperabiliazndards providing reuse of
learning objects and interoperability of contentoas delivery are developed by
[21], [22], and [23].

SCORM [22] provides technical standards that enalale-based learning sys-
tems to find, import, share, reuse, and exportiegrcontent in a standardized
way. However, SCORM is written for toolmakers whmlv what they need to do
to their products to conform with SCORM technically
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IEEE Learning Object Metadata [21] defines a setrafource description
framework constructs that facilitates introductmfreducational metadata into the
semantic web.

HarvestRoad Hive [23] is an independent, federdigdal repository system.
It enables the collection, management, discovergrisg and reuse of LOs used
in the delivery of online courses within higher edtion.

A lot of work has been done on creating, storitgssifying and filtering learn-
ing objects with respect to a specific subject. Siderable amount of research fo-
cuses on facilitating the process of reusing alyeaailable learning objects. This
work is devoted to a study of a decision makingcpses related to recommending
the most appropriate learning objects to a pasdicstudent.

2 TheMod€

2.1 Conceptual modeling

A level-based instruction model is proposed in [1A]model for student knowl-
edge diagnosis through adaptive testing is predant3]. An approach for inte-
grating intelligent agents, user models, and autcnt@ntent categorization in a
virtual environment is presented in [6].

A learning style is the general, habitual mode raicpssing information; it is a
predisposition on the part of some students to edqgarticular learning strategy
regardless of the specific demands of the leartasg: that is, individuals' learn-
ing styles are simply the cognitive styles thatythgidence when confronted with
a learning task [15]. According to the Kolb's mod&] there are four learners
types - concrete, reflective, abstract, reflectsestract, active, and concrete, ac-
tive.

The three learning preferences are auditory (legrbiy hearing), visual (learn-
ing by seeing), and kinesthetic (learning by daitizj.

Student learning orientations [9] are critical fimdlividualizing the instructional
process. The four learning orientations are transifoy learners, performing
learners, conforming learners, and resistant learne

2.2 Concept lattices

A concept is considered by itextent and itsintent: the extent consists of all ob-
jects belonging to the concept while timéent is the collection of all attributes
shared by the objects [19]. @ntext is a triple 5, M, I) whereG andM are sets
andl c G x M. The elements d& andM are callebjects andattributes respec-
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tively. The set of all concepts of the conte@t M, I) is a complete lattice and it is
known as theoncept lattice of the contextG, M, I).

2.3Fuzzy membership

Fuzzy reasoning methods [20] are often appliedntelligent systems, decision
making and fuzzy control.

A prediction method in [4] applies formal concepgbysis and fuzzy inference.
In particular it shows how to calculate the valdeaanembership function of an
object if the object belongs to a particular concéjme sum-of-1-criterion states
thatX cmi i (X) =1,V x ey , whereM;, i = 1, ...,k denotes all possible member-
ship terms fn;, i = 1, ...k} of a fuzzy variable in some universe of discouyse

An affiliation value to a concept represents thatiee extent to which an ob-
ject belongs to this concept or an attribute is iwmm to all objects in the concept.
The threshold for membership values is regardesigasficant. This is obtained
by computing the arithmetic mean of all entrieshirita column and take it as a
threshold.

2.4Multi criteria decision making methods

An extensive bibliography review on multi crited&cision making methods are
summarised in [5] and [16Further interesting discussions may be found in [1]
[7], [10] and [12].

Most human beings highly appreciate assistance forra of well structured
technique while working with complex decisions. TAwalytic Hierarchy Process
(AHP) developed by T. Saaty in 1980 [13] is ongtafse techniques and it has
been applied in a number of different areas likeegoment, business, industry,
healthcare, and education. AHP involves mathenaficagramming, quality
function deployment, meta-heuristics, strengthsakmesses, opportunities and
threats analysis and data envelopment analysi§, dad [18]. The underlying
concepts of AHP are structuring the complex denigimoblem as a hierarchy of
goal, criteria and alternatives, pair-wise comparisf elements at each level of
the hierarchy with respect to each criterion ongtereding level, and finally ver-
tically synthesizing the judgments over the différievels of the hierarchy.

The analytic hierarchy process is a multi critetécision making method [14]
for working with multi attribute problems. A compleroblem is broken down
into smaller parts, further organized into lev@lleen a hierarchical structure is
generated. The goal is to determine the impactlofvar level on an upper level
by paired comparisons done by a decision maker.

AHP facilitates estimation of the impact of eactemadative on the overall ob-
jective of the hierarchy it is used as a consistetest to filter out inconsistent
judgements.
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2.5The scenario

In this scenario all students, within a particuaibject, are suggested to take a
web based test at the beginning of a semester.résdts indicate lack of knowl-
edge and skills, lack of understanding of certaincepts or misconceptions, that
are prerequisites for studying that subject. Basedhe test results students are
placed in different groups. Suitable learning otgeare later on suggested to each
student based on her group membership.

At the initial stage group types are formed baseg@vious teaching experi-
ence. If such experience is missing the groupsbeaformed according to a lec-
ture assumption. Group types are further tuned where experience is obtained.

The theory of concept lattices is applied in esshlibhg relationships among
groups of learners and the subject content. Thegssof assigning a student to a
particular group is based on fuzzy functions. Sfigictions allow partial group
membership, i.e. a particular individual may beltagsome extend to more than
one group. This in contrast to classical set thedrgre an element is either within
a set or does not belong to that set, [24]. Thikewahe approach much more dy-
namic, flexible and easy to adapt to the individuedds of each student.

Learning objects are first collected in a databd&etadata is attached to each
learning object, describing content, size, purpasé recommended educational
level. AHP methods are applied for assigning aniear object to a group and
consequently to a student.

3 System

The system prototype is build as a Web-based aijait usingApache HTTP
server,mod_python module andQLite database. Thewod_python module pro-
vides programmable runtime support to the HTTP exeunsing Python program-
ming language. The whole application components:
e Web-based users interface,
e application logic, and
e database interaction were written in Python.
The system implementation has Web application semahitecture:
the presentation layer is handled by an Apache S¢éeler,
the logic layer is written in Python, and
the data layer is implemented using SQLite databag@e.

Python provides a programming environment for immating script-based
handler for dynamic content, data integration asersi software agents. The back
end SQLite databases are used to store both atatidlynamic data. Apache is a
modular Web server that can incorporate a highlleeepting language as a
module such as f. ex. mod_python. Using mod_pythmthon interpreter be-
comes a part of the Web server. SQLite is a smallpfint, zero-administration
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and serverless databasesystem. SQLite storestpacsisdata into files. SQLite
thus provides a database platform for multiple blases.

4  Conclusion

While most efforts aim at providing a technology @ocess and share existing
learning objects, much less is known about howstiga the most suitable learn-
ing objects for a student.

The proposed method can be used to determine #nrirg effect of using
learning objects in a subject as well as qualitiea single learning object. Learn-
ing styles and learning preferences can be furémeployed in the process of
choosing the most appropriate learning object &mhestudent. In addition the ap-
plications of fuzzy functions allow partial groupembership, i.e. a particular in-
dividual may belong to several groups. This makesapproach much more dy-
namic, flexible and easy to adapt to the individuggds of each student.
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