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1. GENERAL CHARACTERISTICS OF THE DISSERTATION
1.1. Scope and Relevance

Personalised e-learning systems deal with appropriate personalisation techniques in
order to maximise the effectiveness of learning. Personalised e-learning is an important
research area of modern educational technology. At present, total utilisation of computer
techniques to implement the personalised learning is very difficult. There are plenty of
Web 2.0 technologies and examples of their use in education. Most of the researches
focus on e-learning systems personalisation functionalities such as personalised learning
plans and learning materials. Although in practice and in many sources of literature the
need for the application of Web 2.0 tools in education is highlighted, however there is
lack of clear methods how these tools could be applied inlearning for a
higher learning quality and there is a lack of e-learning systems that implement these
methods. Also, these tools are not always suitable for the task to which they are applied
and they are not always properly used for a specific purpose. Furthermore, most of the e-
learning systems are focused on the course rather than on the learner, which means that
they do not satisfy one of the final learning stakeholders.

In order to address these problems, learning environments must be more adapted to
the learner. To this end, learning is personalised.

We propose to provide a higher learning quality by developing a knowledge-based
recommender system prototype. This system gives a possibility to develop personalised
learning environment with better access to specific learning content managing tools (i.e.
Web 2.0 tools). Thus it facilitates the search process by optimising workloads, improving
the learner’s satisfaction thereby as well as the efficiency and effectiveness of the
learning process.

1.2. Research Object

Research object of the Doctoral thesis is usage of Web 2.0 technologies for learning
personalisation.

1.3. Aim and Objectives

The aim of the doctoral thesis is to present the personalised Web 2.0 tools selection
method taking into account the learner's learning preferences for content and
communication modes tailored to the learning activities with a view to help the learner to
quickly and accurately find the right educational tools, and to implement this method in
prototype of knowledge-based recommender system.

The objectives of the Doctoral thesis are as follows:

1. To investigate personalised e-learning technological peculiarities, i.e.,
recommender systems applications for learning personalisation, and those
systems components.

2. To analyse existed selection methods for Web 2.0 tools suitable for
implementing learning activities.

3. To propose the method to compose Web 2.0 tools for personalised learning
process according to learners learning styles.



4. To develop a prototype of the recommender system that implements the
method proposed.
5. To perform expert evaluation of the developed system prototype that
implements the method proposed.
1.4. Research Methodology

The basis of the research methodology used in this work consists of analytic,
generalising, constructive and evaluative methods.

1.5. Scientific Novelty

Most of the existing researches focus on e-learning systems personalisation
functionalities such as personalised learning plans and learning material
recommendations for learners. In practice and in many references, the need for the
application of Web 2.0 tools in education is highlighted. There is a trend related with
technology enhanced learning, focused on the personalisation of learning, which means
that e-learning environments need to be more adapted to the learner and be open to the
inclusion of a new set of Web 2.0 tools, which are under the student’s control. But on the
other hand, there is a risk that the learner’s choice will not be right and the chosen tool
would not enable a learner to achieve the learning objectives.

The main novel aspects of the method proposed in the Doctoral thesis are as
follows:

1. The method proposed to recommend a suitable Web 2.0 tool for a particular
learner is based on preferable types of learning activities and learning
materials.

2. This recommendation is based on a comparison of the learner profile (that
is based on the VARK learning style of the learner) and the description of
learning content managing tools (i.e. Web 2.0 tools). The learner’s profile
and the Web 2.0 tools description are ontological data structures.

The proposed and implemented method supports learner to achieve the specified
goals (i.e. to find suitable tools for personalised learning) quickly, accurately (i.e. the
degree to which the product provides the correct results with the needed degree of
precision) and completely (i.e. the degree to which a product meets all requirements) in a
specified context of use.

1.6. Defended Propositions

1. The knowledge-based recommender system and the domain description in
ontology are applicable to personalised learning, i.e. the most appropriate
tools, for learner’s desirable learning activity performance, can be selected
based on his/her learning style.

2. The proposed method of Web 2.0 tools and learning process composition
allows users to quickly and accurately select the proper tool suitable for
learning activity performance.



1.7. Practical Importance

The main practical importance of the work is that the method proposed could be
applied to learning personalisation and improvement in general, vocational, and higher
education institutions.

The domain knowledge described using the OWL language could be used in
different recommender systems by providing proposals to personalise learning taking
into account not only the learning content but also learning activities.

The experimental approbation of the method proposed has shown that the method is
applicable in the real-life education context, i.e. it is accurate, complete, and efficient in
terms of time spent. Educational institutions using the method proposed could achieve
better results in terms of learning personalisation, quality, and higher learners’
motivation.

The description of Web 2.0 tools by means of ontology is suitable not only for
knowledge-based recommender systems, but also for other types of recommender
systems that use an item description for recommendations (e.g., content-based,
community-based systems).

1.8. Publication and Approbation

The results of the Doctoral thesis were published in 6 scientific publications (5 of
them in periodical peer-reviewed journals, and 1 — in the proceedings of other scientific
conference).

The full list of publications on the topic of the Doctoral thesis is presented at the
end of this Summary.

The results of the Doctoral thesis were presented via 15 presentations, given in
international and national conferences and seminars as follows:

1. 4th International Conference ‘Tech-Education’ . Nice, France (August, 2013).

2. Seminar at University of Eastern Finland edTech-lab ‘Research on Web 2.0
Technologies in Education’. Joensuu, Finland (May, 2013).

3. 3rd International Doctoral Consortium on Informatics and Informatics
Engineering Education Research: Methodologies, Methods and Practice.
Druskininkai, Lithuania (December, 2012).

4. 53rd Conference of Lithuanian Mathematicians (the conference was held by the
Society of Lithuanian Mathematicians). Vilnius, Lithuania (June, 2012).

5. Seminar at 8th Joint European Summer School on Technology Enhanced
Learning ‘Research on Web 2.0 Technologies in Education’. Estoril, Portugal
(May, 2012).

6. 2nd International Doctoral Consortium on Informatics and Informatics
Engineering Education Research: Methodologies, Strategies and Implementation.
Druskininkai, Lithuania (December, 2011).

7. 52nd Conference of Lithuanian Mathematicians (the conference was held by the
Society of Lithuanian Mathematicians). Vilnius, Lithuania (June, 2011).

8. International  Scientific  Practical Conference  ‘Aspects of sustainable
development: theory and practice’. Utena, Lithuania (April, 2011).



9. International Scientific Conference ‘Studies in Modern Society". giauliai,
Lithuania (March, 2011).

10.Doctoral consortium on Informatics and Informatics Education. Druskininkai,
Lithuania (December, 2010).

11.International Conference ‘Learning community and Web 2.0 technologies’.
Vilnius, Lithuania (October, 2010).

12.51st Conference of Lithuanian Mathematicians (the conference was held by the
Society of Lithuanian Mathematicians). Vilnius, Lithuania (June, 2010).

13.Seminar at Teach@us Project meeting ‘NING and ELGG social platforms
review’, “‘Web 2.0 technologies in Lithuanian schools, good practices examples °.
Funchal, Madeira, Portugal (May, 2010).

14.Seminar at Vilnius University Institute of Mathematics and Informatics “Web 2.0
technologies. Introduction’. Vilnius, Lithuania (March, 2010).

15.Seminar at Vilnius University Institute of Mathematics and Informatics ‘Internet
Use in Schools: Promise and Problems’. Vilnius, Lithuania (February, 2010).

1.9. Structure of the Doctoral Thesis

The Doctoral thesis consists of four chapters, general conclusions and results,
references, and glossary. The work includes 146 pages of text, 25 figures, and 22 tables.
The Doctoral thesis is written in Lithuanian.

The first (introductory) chapter includes the statement of the problem, its relevance,
research aim and objectives, its scientific novelty and practical importance, as well as
work’s approbation and publications.

The second chapter is analytical. It is aimed to present results on the main concepts
and components of Web 2.0 tools, personal e-learning environments and recommender
systems analysis and examples as well as the methods of applying Web 2.0 tools in the
learning process.

The third chapter presents a method of recommending suitable Web 2.0 tools for a
particular learner based on preferable types of learning activities and learning materials,
and the developed prototype of recommender system which implements this method.

The fourth chapter is aimed to evaluate the quality of developed system prototype
which has implemented the method proposed. It presents the results of the expert
evaluation of the prototype created using Fuzzy numbers technique.



2. ANALYSIS OF WEB 2.0 TOOLS IN E-LEARNING

In this section, the results of the analytical part of the dissertation (Chapter 2) are
briefly presented.

2.1 E-learning personalisation process

The E-learning environment is a computer-based online learning system. It supports
learner by providing opportunities to learn at the time and location according to the
learner’s choice and allows his/her interactions with other learners, as well as ensures
access to a wide range of learning resources and tools. The E-learning environment, that
provides a set of personalisation functionalities, such as personalising learning plans,
learning materials, and is capable of initializing the interaction with learners by
providing suggestions to online learners, is called a personalised e-learning environment.
One of the major challenges involved in developing personalised systems is to achieve
effective personalisation functionalities, such as personalised content management, the
learner’s model, and adaptive instant interaction. Adaptive systems, autonomous
intelligent agents and recommenders provide an important technology for accomplishing
personalisation in e-learning systems. Adaptive and intelligent technologies can enhance
different sides of learning.

Adaptive hypermedia systems (AHS) build a model of the goals, preferences and
knowledge of each individual user, and use this model throughout the interaction with
the user, in order to adapt to the needs of that user (Brusilovsky, 1996). Systems that
allow the user to change certain system parameters and adapt their behaviour
accordingly are called adaptable. Systems that adapt to the users automatically based on
the system’s assumptions about user needs are called adaptive (Oppermann, 1994).

The goal of intelligent agents and recommenders is the use of knowledge about the
domain, the learner, and the learning process to support personalised learning: to
improve the learning activities.

Recommender systems (as a kind of services in the e-learning environment) can
provide personalised learning recommendations to learners. Recommender systems are
information processing systems that gather various kinds of data in order to create their
recommendations. The data are primarily about the items (objects that are
recommended) to be suggested and the users who will receive these recommendations
(Ricci et al., 2011, p.7). The data can be formalized in a domain ontology (Chapter
2.1.1), thus the knowledge about a user and items becomes reusable for people and
software agents (Li et al., 2007; Youn, Mcleod, 2006; Wang, Huang, 2013; Vesin et al.,
2013; Vesin et al., 2012; Chen et al., 2012). Also, the ontology could contain a useful
knowledge that can be used to infer more interests than can be seen by just an
observation.

The suggestions relate to various decision-making processes.
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Fig. 1. Overview of user-profile-based personalisation (by Gauch et al., 2007)

As shown in Figure 1 (by Gauch et al., 2007), the user profiling process generally
consists of three main phases:

1) Information collection — the process that is used to gather raw information about
the user. Depending on the information collection process selected, different types
of user data can be extracted.

2) User profile construction (from the user data). There is a variety of ways in which
profiles may be represented and constructed.

3) Information in the user profile exploitation. It is done by technology or
application in order to provide personalised services.

User profile construction is typically either knowledge-based or behaviour-based
(Middleton et al., 2009). Knowledge-based approaches use static models of users and
dynamically match users to the closest model and that of behaviour-based apply the
user’s behaviour as a model, commonly using machine-learning techniques. To obtain
behaviour-based knowledge, behavioural logging is used, and knowledge-based
approaches often use interviews and questionnaires for gathering knowledge.

In e-learning systems learner’s profiles can be modelled (for personalisation
purpose) by several techniques (Dagger et al., 2002):

1) Creating fixed stereotypes. Learners are categorized and the system customizes its
performance based on the category that has been set for the learner.

2) Constructing learner’s knowledge. A model of the learner’s knowledge is
constructed on the concept-by-concept basis and updated with the progress of the
user through the system.

3) Combined techniques. The learners are categorized by stereotype initially and
then this model is gradually modified, based on learner’s interaction with the
system.

User profiles can be represented as sets of weighted keywords, semantic networks,
weighted concepts, or association rules (Gauch et al., 2007). Both the network-based and
concept-based profiles are represented by conceptual nodes and relationships between
those nodes. However, in the concept-based profiles, the nodes represent abstract topics
considered interesting to the user, rather than specific words or sets of related words. The
Keyword-based and concept-based profiles are often represented as vectors of weighted
features. However, in the concept-based profiles, the features represent concepts rather
than words (or sets of words).



As mentioned before, one of the features of contemporary e-learning is
personalisation because learners should be treated as individuals with differences such us
learning styles. The term ’learning style’ refers to the concept that individuals differ with
regard to which mode of instruction or study is most effective to them (Pashler et al.,
2008). Various learning style models are developed. In the work of Coffield et al. (2004)
there is a detailed analysis of the best known learning style models. In (Popescu, 2009) a
summary of learning preferences, extracted from learning style models (by the main
features), is presented. These preferences can be, for example, a specific manner of
approaching a learning task, learning strategies activated in order to fulfil the task,
preferable ways of gathering, organizing, or thinking about information.

One of the most popular learning style instrument is VARK inventory, designed by
Fleming in 1987 (Moazeni, Pourmohammadi, 2013). VARK is an acronym made from
Visual, Aural, Read/write and Kinesthetic. These modalities are used for preferable ways
of learning (taking and giving out) information. Visual learners prefer to receive
information from depictions in figures: in charts, graphs, maps, diagrams, flow charts,
circles, hierarchies, and others. It does not include pictures, movies and animated
websites that belong to Kinesthetic. The aural perceptual mode describes a preference for
spoken or heart information. Aural learners learn best by discussing, oral feedback,
email, chat, discussion boards, oral presentations. Read/write learners prefer information
displayed as words: quotes, lists, texts, books, manuals. The kinaesthetic perceptual
mode describes a preference for reality and concrete situations. They prefer videos,
teaching others, pictures of real things, examples of principles, practical sessions, and
others. Multimodals are those learners who have preferences in more than one mode
(Fleming, 2006).

2.1.1 Ontology in recommender systems

Ontologies can support the definition of such components of recommender system
(Buriano et al., 2006):

1) the context features and the candidate items
2) the output
3) the recommendation process and
4) functional modules.
Such information modelling can contribute to tailor the right information to a user

and thus facilitate the user-system interaction.

The word ‘ontology’ was taken from Philosophy, where it means a systematic
explanation of being. One of the first definitions was given by (Neches et al., 1991): ‘an
ontology defines the basic terms and relations comprising the vocabulary of a topic area
as well as the rules for combining terms and relations to define extensions to the
vocabulary’.

Since ontologies are widely used for different purposes (e.g. natural language
processing, knowledge management, e-commerce, intelligent integration information,
the semantic web, etc.) in different communities (i.e., knowledge engineering, databases
and software engineering), (Uschold, Jasper, 1999) provided a new definition of the
word “ontology’ to popularise it in other disciplines: ‘An ontology may take a variety of
forms, but it will necessarily include a vocabulary of terms and some specification of



their meaning. This includes definitions and an indication of how concepts are inter-
related which collectively impose a structure on the domain and constrain the possible
interpretations of terms’.

According to (Mizoguchi, 2004), ontologies are used for various purposes: as a
common vocabulary, data structure, explication of what is left implicit, semantic
interoperability, explication of design rationale, systematisation of knowledge, a meta-
model function, theory of content, etc.

A series of approaches has been reported for developing ontologies. In Corcho et al.
2003) an overview of the most known methodologies since 1990 is presented.

In the current study, we develop an ontology mainly based on the (Ferndndez et al.,
1999) METHONTOLOGY method which proposes such activities: (1) the specification
activity (states why the ontology is being built, what its intended uses are and who the
end-users are), (2) the conceptualization activity (developing an ontology conceptual
model), (3) the formalization activity (transformation of the conceptual model into a
formal or semi-computable model), (5) the implementation activity (creating computable
models in the ontology language), and (6) the maintenance activity (evaluation,
corrections and updates). During the specification activity, Uschold, and King (1995)
propose three strategies for identifying the main concepts in the ontology: a top-down
approach, where the main abstract concepts are identified and then specialised into more
specific concepts; a bottom-up approach, in which the most specific concepts are
identified and then generalised into more abstract concepts; and a middle-out approach,
in which the most important concepts are identified and then generalised and specialised
into other concepts and Gruninger, and Fox (1995) suggest to identify a set of
competency questions that must be answered by a model built based on the ontology.
The ontology must be able to provide a vocabulary for expressing these questions.
Axioms in the ontology should be able to characterize the answers to the competency
questions.

Sure et al. (2003, p.7) proposed three different types of evaluation: (1) technology-
focussed evaluation, (2) user-focussed evaluation, and (3) ontology-focused evaluation.
The technology-focussed evaluation consists of two main aspects: (1) evaluation of the
properties ((e.g., language conformity (Syntax), consistency (Semantics)) of ontologies
generated by development tools, (2) evaluation of the technology properties
(interoperability, turn around ability, scalability, etc.).

The Web Ontology Language (OWL) is a language developed by W3C and is an
extension of RDF Schema and also employs the triple model.

OWL takes the basic fact-stating ability of RDF and the class- and property-
structuring capabilities of RDF Schema and extends them. In OWL (Horrocks et al.,
2003):

1) classes can be declared and organised in a subsumption (‘subclass’)
hierarchy;

2) classes can be specified as logical combinations (intersections, unions,
complements) of other classes, or as enumerations of specified objects;

3) properties can be declared and organized into a ‘subproperty’ hierarchy,
domains (OWL classes) and ranges (OWL classes or externally-defined
data types such as string or integer) can be provided for these properties;



4) properties can be stated as transitive, symmetric, functional, or inverse of
another property;

5) itcan be expressed which objects (individuals) belong to which classes, and
what the property values are of specific individuals;

6) equivalence statements can be made on classes and on properties;

7) disjointness statements can be made on classes;

8) equality and inequality can be asserted between individuals;

9) restrictions can be provided on how properties behave that are local to a
class;

10) classes can be defined where a particular property is restricted so that all the
values for the property in individuals of the class should belong to a certain
class (or data type) and

11) at least one value must be from a certain class (or data type), and there must
be at least certain specific values, and there must be at least or at most a
certain number of distinct values.

OWL is a syntactic variant of the SHOIN(D) description logic (DL), offering a
high level of expressiveness while still being decidable (Motik et al., 2005). OWL DL
(one of the three species of OWL) can be viewed as expressive Description Logics, with

an ontology being equivalent to a Description Logic knowledge base (Horrocks et al.,
2003).

OWL classes are interpreted as sets that contain individuals. They are described
using formal (mathematical) descriptions that state precisely the requirements to a
membership of the class. Properties are binary relations on individuals, i.e. properties
link two individuals together, e.g. the property hasFunction might link the individual
from the class Tool to the individual from the class ToolFunction. Properties can have
inverses, e.g., the inverse of hasFunction is isFunctionOf.

Description Logics (DLs) is a family of class-based (concept-based) knowledge
representation formalisms that represent the knowledge of an application domain by first
defining the relevant concepts of the domain (its terminology), and then using these
concepts to specify the properties of objects and individuals occurring in the domain
(Baader, Nutt, 2003; Horrocks et al., 2003). Figure 2 sketches the architecture of a
knowledge representation system by Baader, and Nutt (2003).

: {7 TBox )
|: Description )’ ( R . :
Language ~— = easoning
~ ABox
KB
Application
Programs l I Rules

Fig.2. Architecture of a knowledge representation system based on Description Logics by Baader,
and Nutt (2003 )



A knowledge base (KB) comprises two components (Baader et al., 2008):

(1) terminological part (called the TBox) that introduces the terminology - the
vocabulary (concepts which denote the sets of individuals, and roles, which
denote binary relationships between individuals) of an application domain. The
TBox can be used to assign names to complex descriptions;

(2) assertional part (called the ABox) that contains assertions about the named
individuals in terms of this vocabulary.

The language AL (attributive language) has been introduced in (Schmidt-Schauf3
and Smolka, 1991) as a minimal language that is of practical interest. The other
languages of this family are extensions of AL. For example, the DL that includes
conjunction, disjunction, negation, existential restriction and value restriction, is called
ALC. ALC, extended with (qualified) number restrictions, inverse roles, transitive roles,
subroles, concrete domains, and nominals, is called SHOIN(D).

DL usually reflects its expressive power, with the letters expressing the
constructors provided. The expressive DL which corresponds to the OWL DL is briefly
described below (Baader et al., 2008):

1) letter S is often used as an abbreviation for the ‘basic’ DL consisting of
ALC extended with transitive roles,

2) letter H represents subroles (role FHierarchies),

3) letter O represents nominals (nOminals) - if a is an individual name, then
{a} is a concept, called a nominal;

4) letter J represents inverse roles (Inverse),

5) letter N represents number restrictions (Number) — it describes the number
of relationships of a particular type in which individuals can participate.

The integration of a concrete domain/datatype is indicated by appending its name in
parenthesis, but sometimes ‘generic’ D is used to express that some concrete
domain/datatype has been integrated.

There is a variety of reasoning techniques for DL reasoning problem solving (for
example, resolution-based approaches, automata-based approaches, structural
approaches), however, the most widely used technique is the tableau-based approach
first introduced by Schmidt-Schauf3 and Smolka (Schmidt-Schaul3, Smolka, 1991). The
idea behind the algorithm is that it tries to prove the consistency of a knowledge base
(KB) by constructing (a representation of) a model of KB. The tableau-based decision
procedure for the consistency of KB is described in more detail in (Baader et al., 1990).
This algorithm is implemented in some reasoners’ systems, for example, FaCT++,

RACER Pro, Pellet (Sirin et al., 2007). An OWL consistency checker takes a document
as input, and returns one word being Consistent, Inconsistent, or Unknown. The OWL
Pellet reasoner provides such main DL inference services (Sirin et al., 2007):

1) Consistency checking ensures that an ontology does not contain any
contradictory facts. It means the operation to check the consistency of an
ABox with respect to a TBox;

2) Concept satisfiability checks whether it is possible for a class to have any
instances. If a class is unsatisfiable, then defining an instance of the class will
cause the whole ontology to be inconsistent;



3) Classification computes the subclass relations between every named class to
create complete class hierarchy. The class hierarchy can be used to answer
queries such as getting all or only direct subclasses of a class;

4) Realization finds the most specific classes that an individual belongs to -
computes the direct types for each of the individuals. Realization can only be
performed after a classification since direct types are defined with respect to
a class hierarchy. Using the classification hierarchy, it is also possible to get
all the types for that individual.

Also it should be noted that OWL has the following features (Horrocks et al., 2003):

1) open world assumption: a statement cannot be assumed true on the basis of a
failure to prove it;

2) unique names assumption: if two individuals (or classes, or properties) have
different names, we may still derive by inference that they must be the same.

In recent years, researchers have developed a lot of tools for developing the
ontology, e.g., Protégé, SWOOP, Top Braid composer, OilED, WebODE, Ontolingua,
Internet Business Logic, OntoTrack, and IHMC Cmap Ontology Editor (Khondoker,
Mueller , 2010; Cardoso, Nunes Escorcio, 2007 ). By a systematic review, the most
popular tools were selected and evaluated according to the extracted criteria proposed by
(Cardoso, Nunes Escorcio 2007; Kapoor, 2010; Khondoker, Mueller, 2010; Duineveld,
2000; Lambrix , 2003; Mizoguchi, 2004; Su, Ilebrekke, 2002). Therefore, Protégé 4.3
tool was selected for our domain ontology development. It meets the following
requirements:

1) toolis free,

2) it supports OWL,

3) ithas ‘user friendly’ interface,
4) it has ‘help’ tutorial,

5) it checks ontology consistency,
6) it can execute queries.

2.2. Recommender systems in TEL
The aim of technology enhanced learning (TEL) is to improve learning.

It is therefore an application domain that generally covers technologies that support
all forms of learning activities (Manouselis et al., 2011). An important activity in TEL is
search-ability relevant learning resources and services as well as their better finding.
Recommender systems support such an information retrieval.

Recommender systems offer suggestions for items that may be useful to a user
applying different task implementation types, such us Find Some Good Items, Find all
good items, Recommend a sequence, Just browsing, and so on (Ricci et al., 2011, p.7).
Most of these tasks are valid in the case of the TEL recommender systems as well
(Manouselis et al., 2011). For example, a recommender system supporting learners to
achieve a specific learning goal, ‘providing annotation in the context’ or ‘recommending
a sequence’ of learning resources are relevant tasks.

There are different types of recommender systems, based on the recommendation
approaches (Ricci et al., 2011, p.11):



1) Content-based: The system learns to recommend items similar to the items
that the user liked in the past. The similarity of items is calculated based on
the features associated with the compared items.

2) Collaborative filtering: The system recommends to the user the items that
other users with similar tastes liked in the past. The similarity is calculated
based on the similarity in the rating history of the users.

3) Demographic: The system recommends items based on the demographic
profile of the user based on different demographic niches.

4) Knowledge-based: Knowledge-based systems recommend items based on the
specific domain knowledge about how certain item features satisfy users’
needs and preferences as well as how the item is useful for the user.
Knowledge-based recommender systems can be rule-based or case-based.

5) Community -based: The system recommends items based on the social
relations of the users and preferences of the users’ friends, i.e. on ratings that
were provided by the user’s friends.

6) Utility-based: The system recommends items based on the calculation of the
utility of each item according with the user interests preferences (Martinez et
al., 2008).

7) Hybrid: The system combine different techniques of different recommender
systems in order to avoid the drawbacks that other systems face in some
situations.

8) Semantic: The system incorporates semantic knowledge in its processes, so
the recommendation quality is improved. The items and the user profile
representation are based on the ontology (Codina, Ceccaroni, 2010a; Codina,
Ceccaroni, 2010b; Middleton et al., 2009).

Knowledge-based recommender systems described in detail below.

Information filtering systems that recommend items to users according to their
preference and the characteristics of the required item, represent the knowledge of
experts, and manipulate the expertise to solve problems at an expert’s level of
performance, are called knowledge-based recommendation systems (Husain, Dih, 2012;
Jadhav, Sonar, 2009 ). The fundamental reasoning methods in such systems are rule-
based and case-based. The form of data collected by the knowledge-based system about
user’s preferences can be statements, rules, or ontologies.

Rule-based reasoning is deductive which mimics the problem solving behaviour of
the human experts. The knowledge base of the rule-based system comprises the
knowledge that is specific to the domain of the application. Case-based reasoning is
inductive which solves problems by adapting the solution of more similar cases solved in
the past. A new problem is matched against the cases in the case-base and one or more
similar cases are retrieved (Jadhav, Sonar, 2009).

The Rule-based reasoning system represents knowledge of the system in terms of a
bunch of rules (facts) (Kapoor et al., 2010). These rules are in the form of IF THEN rules
such as “IF some condition THEN some action”. If the ‘condition’ is satisfied, the rule
will take the ‘action’.

2.3. Research on Web 2.0 tools for learning

The original World Wide Web (www) invented by Tim Berners-Lee and known as
Web 1.0 was a read-only medium, while Web 2.0 is a read/write medium. It means that



Web 1.0 users had to be familiar with the HTML language in order to create any content
in www, whereas the users of Web 2.0 need to have only the basic computer technology
skills.

The term Web 2.0 is characterized as the application of tools that enable particular
interactive capabilities: coproduction, social networking, and unprecedented forms of
communication, with user control and syndication of the Web content (Conger, 2009).
For example, communications on wikis, e-book reviews, sharing of the content on
MySpace, island development in SecondLife and syndications via Youtube , blogging
platforms, and RSS.

Web 2.0 tools can be defined as web applications that facilitate participators’
information sharing, interoperability, user-centered design, and collaboration on the
World Wide Web (Kolesinski et al., 2013, p.16).

Tim O‘Reilly (O‘Reilly, 2006) indicated four levels of Web 2.0 tools :

Level 3: The application that could only exist on the net and draws its essential
power from the network and the connections it makes possible between people or
applications. For example, EBay, craigslist, Wikipedia, del.icio.us, Skype. They are
fundamentally driven by a shared online activity.

Level 2: The application that could exist offline, but it is uniquely advantaged by
being online. For example, Flickr where there is an ability to have a local photo
management application, however the shared photo database, the online community,
and the artefacts it creates (like the tag database) are basic to what distinguishes Flickr
from its offline counterparts.

Level 1: The application that can and does exist offline, but it gains additional
features by being online. For example, Writely which enable both to do collaborative
editing as well as to write alone.

Level 0: The application that has been primarily taken hold online, but it would
work just as well offline if you had all the data in a local cache. For example, MapQuest,
Yahoo! Local and Google Maps.

Web 2.0 tools advantages influence these tools to be used in learning, especially in
e-learning. Thus the term E-learning 2.0 has emerged, which defines the new form of e-
learning that includes Web 2.0 technologies and allows learners to use Web 2.0
technologies, to take an active role in the learning process, and determine their own
learning strategies according to their interests and needs (Czerkawski, 2011, p. 9). Web
2.0 tools and their applications in education are briefly presented in (Bower et al, 2010;
Conole, Alevizou, 2010).

E-learning 2.0 differs from traditional e-learning because it enables learners not
only to receive, read, or respond to the learning content, but also to create the content
and to collaborate with peers, thus forming a learning network with distribution of
content creation and responsibilities, with an easy access to the content through search,
aggregation, and tagging. Thus, the learners have opportunities to interact with peers and
the learning content, share thoughts, and write comments (Yuen, 2010).

However, Web 2.0 tools, used in learning, do not mean an improvement of the
learning process. In literature the need for deeper conceptualisation of the relationship
between Web 2.0 tools and learning processes, clarification of how and by what means



these tools support learning is highlighted (Kuswara, Richards, 2011; Bower et al.,
2010).

Research on the relationship between Web 2.0 tools and the learning process is
often focused on the enrichment of learning activities provided by these tools (Conole,
Fill, 2005; Starkey, 2011; Khalid et al., 2012). The action, that a learner can potentially
perform in learning environment by using a particular tool, is called an affordance (John,
Sutherland, 2005; Lee, McLoughlin, 2008). For example, social tools affordances are
sharing, communication and information discovery.

In (Lee, McLoughlin, 2008) the authors indicated the following affordances:

1) Connectivity and social rapport. It occur in spaces (for example, Social
networking sites) where people acquire social and communicative skills,
creativity, expressive forms of behaviour and identity seeking.

2) Collaborative information discovery and sharing. It occur in software
applications (for example, blogging service, bookmarking service) where the
data can be shared.

3) Content creation. Occur in software applications (for example, wiki) where
the content can be created.

4) Knowledge and information aggregation and content modification. It occur
in software applications (for example, Simple Syndication (RSS), vodcasting
services) which involve the syndication (collection of material from many
sources) and aggregation of the content.

Bower (Bower, 2008) described categories of affordances defined as abilities (the
action possibilities they offer to the user) which can be applied in combination to meet
the learning objectives for different types of tasks, for example, media atfordances
category that is divided into subcategories, based on the type of input and output forms:
text (‘read-ability’, ‘write-ability’), images (‘view-ability’, ‘draw-ability’), audio (‘listen-
ability’, ‘speak-ability’), and video (‘watch-ability’, ‘video-produce-ability’).

The works that deal with educational aspects of learning tools, to be precise,
mapping tools and pedagogy are presented below.

Conole and Fill (2005) presented a framework and learning design toolkit which
guides users through the process of creating pedagogically informed learning activities
by using appropriate tools and resources. The authors defined the learning activity as an
action which occurs within a context with a set of associated attributes and addresses a
set of learning outcomes. These outcomes can be achieved through a sequence of tasks
and associated roles adopted by the learners which might call upon a set of tools and
resources. The toolkit developed offers appropriate media, based on the media category
(one of five based on (Laurillard, 2002, p.90): Narrative, Communicative, Adaptive,
Productive, and Interactive), the desired learning outcomes (e.g. understand,
demonstrate, design, produce, appraise) and strategies (tasks).

The performance of the approach of Web 2.0-enabled learning design is described
by Bower (2010). According to the author for the proper tool selection we need to
consider the following four element groups of the learning design:

1) The overarching learning goals and objectives (outcomes).
2) The type of content in terms of knowledge to be represented and cognitive
processes in which students are expected to engage.



3) The type of pedagogy to be applied (transmissive, dialogic, constructive,
co-constructive)
4) The preferred modalities of representation (text, image, audio, and/or
video), the type of collaboration, and the level of synchronicity required.
Then, based on these elements, matched to the Web 2.0 tools potential to satisfy
these requirements, suitable Web 2.0 tools, can be selected.

The digital age learning matrix, presented by Starkey (Starkey, 2011) is a
framework for combining digital tools use (accessing information, presenting, processing
information, gaming or interactive programs) with the aspects of learning (doing,
thinking about connections, thinking about concepts, criticising and evaluating, creating
knowledge, sharing knowledge).

Another framework of tools mapping (both online and offline) with the problem-
and-project-based learning activities, that include the tasks (e.g. brainstorming,
argumentation, literature storing) performed by learner to achieve learning outcomes in a
learning environment while interacting with people or resources, is presented in (Khalid
etal., 2012).

Vega-Gorgojo et al. (2008) present a framework of a suitable (for learning task
accomplishment) tool selection. It maps a particular tool with a desirable task to perform.
The authors state that the tool supports one or more learning tasks (person-based, group-
based or computer-system-based) performed by an actor (person, group or computer
system) who can play some role (e.g. editor, communicator, publisher). Tasks are
divided into five types: Perception, Construction, Communication, Computation and
Information Management. The realization of these tasks may require an artefact (e.g.
document, vote) as input or may produce an artefact (e.g. message, calendar) as output.

Targamadz¢ and Petrauskiené (2012) proposed a framework of IT (information
technology, e.g. email, forum board) tool selection for accomplishing particular course
educational activities, based on learning aims, methods, and content.



3. THE METHOD OF COMPOSING THE WEB 2.0 TOOLS AND THE
LEARNING PROCESS

Generalizing the results of the previous chapters, we can state that when planning
the learning process first of all we have to set the learning objective (or outcome)
(Conole, Fill, 2005; Bower et al, 2010; Targamadze, Petrauskiené, 2012). One of the
basic and essential elements within the education community is a classification
of learning objectives (especially, cognitive) in the education, presented by Bloom
(1956) is Bloom's taxonomy. The learning objectives can be achieved through a
sequence of tasks, performed by the learner. These tasks form a learning method.

The Learning 2.0 allows learners to use Web 2.0 tools, to take an active role in the
learning process, and to determine their own learning strategies according to their
interests and needs. Active learning methods and Web 2.0 tools can enhance the
learning effectiveness, however, it is important to consider each learner’s individual
preferences. Personalisation deals with this kind of problem. This work takes into
account the learner's preferences to the educational material (based on VARK learning
styles model) and communication modes. The proposed Web 2.0 tools and the learning
process composition method were implemented in prototype of the system. This
prototype has been developed following the working principles of the knowledge-based
recommender system. The domain knowledge was conceptualized in the ontology.
Chapter 3.1 presents the basic elements of developed ontology. The proposed method is
introduced in Chapter 3.2.

3.1. Description of the basic elements of the proposed composition method of Web
2.0 tools and learning process

With the view to find a particular Web 2.0 tool suitable for learner (for learning
activity accomplishment), a link between the tool and the learning activity must be
identified. This relationship can be established by interconnections between the defined
tool and activity elements.

The Learning activity is defined as consisting of the following elements:

1) Learning Activity (what action a learner performs)

2) Content (which object a learner manages)

3) Interaction (with whom a learner interacts)

4) Synchronicity (at what time a learner performs the intended action).

Web 2.0 tool is defined as set of universal functions. This universal function is
defined as consisting of the following elements:

1) Function (what action can be performed by using a tool)

2) Artefact (which object can be managed by using a tool)

3) Interaction (what kind of interaction the tool enables)

4) Synchronicity (at what time the intended action is enabled by a tool to take place).

The Learning activities and Functions of tools are classified mostly based on the
Conole and Fill (2005) media taxonomy. These types and particular elements are
presented in Table 1.



Table 1. Learning activities and Web 2.0 tools functions types

Type Learning activities | Subtype (1 -8) Web 2.0 tool function
Narrative Revise 1 - View Explore ( Read, view, listen)
Information Find 2 - Search Search
management Collect 3 - Host Store, Syndicate
Productive Prepare 4 — Create Create (draw, write, record, edit)
Communicative Present 5 — Share Share, Publicise
Dispute 6 — Discuss Communicate
Imitative Role play 7 - Imitate Simulate (Game simulation)
Observation 8- Model Model (Phenomenon modelling)

Thus, Web 2.0 tools could be divided based on their usage possibilities, managed
objects, communication form, and sort of imitation process into three groups as follows:

1) Artefacts management,
2) Communication, and
3) Imitation tools.

We have defined the following components in the domain ontology visualised with
Protégé 4.3 ontology editor:
1) Concepts (Main Classes) (Figure 3), and

2) Relationships between Concepts (Properties) (Figure 4):
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> Artefact
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#- Function
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Fig 3. The main ontology classes
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W managesArtefact
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W hasLearningActivity = hasFunction
@ hasFunction = hasLearnir

Fig 4. Ontology properties

Domain and range of properties are presented in Table 2.

Table 2. Domain and Range of properties

Property Domain Range
hasUniFunction Tool UniversalFunction
hasFunction=hasLearningActivity UniversalFunction Function
managesArtefact UniversalFunction Artefact
haslInteraction UniversalFunction Interaction
hasSynchronisity UniversalFunction Synchronisity




3.2. The steps of composition method of Web 2.0 tools and learning process

These steps are as follows:

1. Identification of learner’s learning style (i.e. preferences of the learning
content and communication modes).

2. Selection of the learning objective and the learning method.

3. Determination of the elements of chosen learning method activities.

4. Determination of universal function elements of each Web 2.0 tool.

5. Finding of the link between tool and learning activity elements.

6. Selection of a suitable tool based on specified elements: Action, Interaction,
Synchronicity. Artefact is determined based on individual learning style.

Each step in detail is described below.

An official VARK learning styles model questionnaire’ was used to diagnose
particular learner’s preferences. The users can select none or more than one answer to
each question, relying on individual perception. Thus, as a result the preferences of
learning content format are found.

When a learner is planning the learning process, first (s)he sets the learning
objective. The learning method can be selected to achieve this objective (based on
Lepeckiene, 1998). The learning method can be seen as a set of learning activities. Each
learning activity can consist of four elements as described in Sub-section 3.1. Each Web
2.0 tool is analysed as a tool consisting of universal functions. Tool class is described by
using closure axiom (i.e., universal restriction that acts along the property to say that it
can only be filled by the specified fillers) due to Open World Assumption in OWL.
These universal functions can consist of four elements as described in Sub-section 3.1.

Interconnections between the tool and learning activity elements are settled as
follows:

o LearningActivity and Function
e Content and Artefact
e [Interaction and Interaction
e Synchronicity and Synchronicity

With the view to select a suitable Web 2.0 tool, based on specified elements, the
developed ontology was used. Queries could be performed only using a classified
ontology. The OWL consistency checker Pellet was used for this purpose as well as for
ontology Consistency checking, Concept satisfiability, and Realisation. Also, the DL
QUERY tab of the Protégé ontology editor was used to answer the competency
questions. The query language (class expression), supported by this plug-in, is based on
the Manchester OWL syntax, a user-friendly syntax for OWL DL (Chapter 2.1.1) that is
fundamentally based on collecting all the information about a particular class, property,
or individual into a single construct, called a frame. The example of a formalized
competency question “What tool is suitable for a visual learner individually to view the
learning content?” in Protégé 4.3 ontology editor is presented in Figure 5.

" http://www.vark-learn.com/english/page.asp?p=questionnaire



Query (class expression)

Tool that hasUniFunction some ((hasFunction value show_play) and (managesArtefact some Vizual_A) and (hasinteraction value Ind })
Add to ontology
Query resultts
Instances (3) O Super classes
#creately_name [[] Ancestor classes
#®Lucidchart_name [[] Equivalent classes
@ gliffy_name [ subclasses
[[] Descendant classes
Individuals

Fig. 5. The example of query

This query in the SHOIN(D) descriptive language is described as follows:

Tool M JdhasUniFunction. (hasFunction. {show_play}n
dmanagesArtefact.Vizual A T hasInteraction.{Ind})) = {Lucidchart,

Creately, Gliffy}

Furthermore, this query could be written as follows:
Tool r JhasUniFunction. ( hasLearningActivity.{view} N

dmanagesArtefact.Vizual A T hasInteraction.{Ind})) = {Lucidchart,
Creately, Gliffy}

Such a variety of question expressions is possible due to the statements equivalence

made on the properties (e.g. hasFunction = hasLearningActivity) and an
equality asserted between individuals (e.g. {show_palay} = {view}) in the
developed ontology.

3.3 Prototype of the recommender system that implements the proposed method

The developed prototype of the knowledge-based recommender system (Fig. 6)
implements the method proposed completely.

User Interface

DB % Recommendation module

IF ... THEN

Fig. 6. Scheme of the recommender system



The system uses the background data before the recommendation process begins.
These data are in the learner’s profile (in DB). The profile has been modelled by creating
fixed stereotypes. Thus, the learners (USERS) were attached to a particular category,
based on the VARK learning styles model.

Also, the user’s profiles were represented as sets of weighted keywords. Each
keyword refers to the learning style (visual, aural, read/write, kinaesthetic), and the
weights (numerical representations) indicate its importance in the profile.

The information needed for the system as input data (trough USER INTERFACE)
was provided by a user by selecting the learning objective and the learning method as
well as by specifying learning activities, i.e., desirable synchronicity and interaction.

The background and input data were combined and processed by programs (in the
RECOMMENDATION MODULE) based on the IF...THEN rules. If all the
interconnections between the tool and learning activity elements have been found then
the appropriate tool (which has the specified properties) was recommended.

4. EXPERTS' EVALUATION OF THE QUALITY OF THE DEVELOPED
SYSTEM PROTOTYPE IMPLEMENING THE PROPOSED METHOD

The method, proposed in the previous section, is aimed to support the learner to achieve
the set goals (i.e., to find a suitable Web 2.0 tool for personalised learning) quickly,
accurately and completely.

With s view to evaluate the quality of this method, it was implemented in the
prototype of the recommender system. An expert opinion poll was conducted to evaluate
1t.

According to (Oppermann, Reiterer, 1997) expert evaluation methods draw upon
expert knowledge to make judgements about the usability of the product for specific end-
users and tasks. The expert may be that of a human factors as well as a designer with
some basic knowledge of human factors.

In order to reduce the subjectivity of evaluation due to the expert’s personal
assessment a detailed presentation and instructions were used to evaluate the quality of
the method proposed.

Since the expert evaluation method depends on the skill of the expert, the following
competence requirements for their selection were defined:

1) no less than 10 year-experience in the field of education and ICT use for
education in practice;

2) at least 3 scientific papers published in the field of informatics or informatics
engineering;

3) doctor’s degree in informatics or informatics engineering.

Also, a questionnaire, consisting of three questions, based on the ISO/IEC 25010
quality in use model, was prepared for evaluation.

The quality of a system is the degree to which the system satisfies the stated and
implied needs of its various stakeholders, and thus provides value.

The quality in use is the user’s view of the quality of a system, and is measured in
terms of the result of using the system (i.e. how people behave and whether they are
successful in their tasks), rather than the properties of the system itself. The output can



be measured as effectiveness, productivity, and satisfaction of the users (ISO/IEC
25010).

The quality in use model is composed of five characteristics, which are further
subdivided into sub-characteristics that can be measured when a product is used in a
realistic context of use. In this work, three criteria were formulated to evaluate the
system quality, i.e. (1) accuracy, (2) completeness, and (3) efficiency. The experts used
linguistic variables ‘bad’, ‘poor’, ‘fair’, ‘good’, and ‘excellent’ to establish ratings
(values) of the quality criteria. According to (Kurilovas et al., 2014), linguistic variables
were converted into average triangle fuzzy numbers as follows: ‘excellent’=0.850;
‘g00d‘=0.675; ‘fair’=0.500; ‘poor’=0.325; and ‘bad’=0.150 In this work, three criteria
were formulated to evaluate the quality (accuracy, completeness, and efficiency). Table 3
presents the questions and the corresponding options: ‘bad’, ‘poor’, ‘fair’, ‘good’ and
‘excellent’.

According to (Kurilovas, Serikoviené, 2013) fuzzy numbers and scalarisation
methods are applicable to evaluate the quality. Other than in that work, triangular fuzzy
numbers are used in the Doctoral thesis.

The scalarisation method can be seen as the experts’ additive utility function (a
possible decision transforms a multi-criteria task into one criterion task obtained by
adding all the criteria ratings (values) together with their weights), represented by the
formula:

f(x)=ia,-f,.(x), D> a =1,a>1
i=l i=1

Here f;(x) is the rating (i.e. non-fuzzy value) of the criterion i, and a; are the weights
of the quality criteria.

Table 3. Questions of developed questionnaire

1. Accuracy of the achieved goals.

EXCELLENT

86 -100 % accurate

GOOD 67 - 85 % accurate
FAIR 50 - 66 % accurate
POOR 33 - 49 % accurate
BAD 0 - 32 % accurate

2. Completeness of the achieved goals.

EXCELLENT 86 -100 % complete
GOOD 67 - 85 % complete
FAIR 50 - 66 % complete
POOR 33 - 49 % complete
BAD 0 - 32 % complete

3. The time spent to achieve the goals compared with the time spent to achieve goals without the prototype.

EXCELLENT 0 - 32 % more time spent

GOOD 33 - 49 % more time spent
FAIR 50 - 66 % more time spent
POOR 67 - 85 % more time spent
BAD 86 -100 % more time spent

Please comment all the options (except the optional "Excellent").




The weights of quality criteria have been selected by the experts. To this end,
normalised weights have been calculated, based on (Uppuluri, 1989). If there are r
experts, and the importance (weight) of each criterion’s is calculated as the average of

the values selected by experts (1), then the weights are normalised according to the
formula below:

i

m n
a. = f Py thuszal:]
i=1

s=1
Experts' opinions on the criteria ratings are presented in Table 4.

Table 4. Experts' opinions on the criteria ratings and their average

xperts I 1I 11X Average f;x)
Criteria
Accurateness 0,850 | 0,850 | 0,850 | 0,850
Completeness 0,850 | 0,850 | 0,850 | 0,850
Efficiency 0,625 | 0,625 | 0,850 | 0,7

The weights and their averages selected by the experts are presented in Table 5.
Table 5. Criteria weights selected by experts

Experts Average
Criteria I I m m}
Accurateness 0,850 | 0,850 | 0,850 | 0,850
Completeness 0,850 | 0,850 | 0,850 | 0,850
Efficiency 0,650 | 0,500 | 0,500 | 0,542
In total: 2,242

The normalised weights are presented in table 6.

Table 6. Normalised criteria weights

Criteria Normalised criteria weights (a;)
Accurateness 0,38
Completeness 0,38
Efficiency 0,24
In total: 1,00

The experts’ additive utility function is as follows:
fix) = 0,38 x0,85 + 0,38 x0,85 + 0,24x0,7 = 0,323 + 0,323 + 0,168 = 0,814.
It means that the system‘s quality reaches 81,4% of the quality level in comparison

with that of 'ideal' (100%). So, the evaluated system is of good quality (68-85 %. —
'‘good").



GENERAL CONCLUSIONS AND RESULTS

1. In the research presented, while analysing Web.2.0 tools, and recommender systems,
the following conclusions and results have been obtained:

1.1. other than in scientific literature, in this work, the Web 2.0 classification
method that helps a user to learn effectively in the Web 2.0 tools-rich
environment has been proposed. With regard to the usage possibilities and
managed objects, Web 2.0 tool could be divided into three groups as follows: (1)
artefacts management tools, (2) communication tools, and (3) imitation tools. In
this way it is possible to group Web 2.0 tools according to their usage possibilities
and managed objects, their communication form and sort of imitation process.

1.2. other than in scientific literature, in this work, it is proposed to personalise
learning according to learner’s preferences in terms of learning content and
communication modes according VARK learning styles model theory.

1.3. recommender systems are suitable to personalise learning by proposing the
learning tools according to the learner’s preferences. Knowledge-based
recommender systems propose the elements associating their features with user’s
features described in the user profile that could be created in the e-learning system
according to the learning styles theory. The domain knowledge and user profile
used for recommending could be described by ontology, thus enabling knowledge
reusability suitable both for human beings and program modules.

2. The method was proposed to compose Web 2.0 tools in the learning process, based
on the research and analysis of their application in the learning process, and on
recommender systems application to personalise learning as well as the practical
experience gained using these tools:

2.1. the method helps a learner to choose Web 2.0 tools suitable to implement a
desirable learning activity according to his/her learning style, i.e. learner’s
preferences in terms of the learning content and collaboration form. Thus, the
learning process is personalised.

2.2. the elements of this method are described by the ontology in a formal way,
which enables us to use domain knowledge and implement the method proposed
in the recommender system.

3. While performing the expert evaluation of the system prototype, based on this
method, it has been determined that:

3.1. the results provided by the system are accurate — recommended tools are
suitable to implement desirable learning activities, i.e. the tools proposed provide
a possibility to perform a desirable pedagogical activity in time and to participate
in it for a desirable number of learners, and artefacts managed by the tools are
suitable for a particular learner according to his/her learning style.

3.2. the system performance is complete and suitable, i.e. it fully corresponds to
the method proposed and it operates as it was planned — the system recommends
tools in a personalised way.

3.3. using the created recommended system, it is possible to find Web 2.0 tools
suitable for personalising learning quicker than without the system.



3.4. the method and prototype proposed are qualitative with regard to
accurateness, completeness and efficiency criteria — the system is 81.4% of the
absolute quality.

LIST OF LITERATURE REFERENCED IN THIS SUMMARY

Baader, F., Burckert, H. J., Hollunder, B., Nutt, W., & Siekmann, J. H. (1990, January). Concept
logics. In Computational logic (pp. 177-201). Springer Berlin Heidelberg.

Baader, F., Horrocks, I., & Sattler, U. (2008). Description logics. Foundations of Artificial
Intelligence, 3, 135-179.

Baader, F., & Nutt, W. (2003, January). Basic description logics. In Description logic
handbook (pp. 43-95).

Bloom, B. S., Engelhart, M. D., Furst, E. J., Hill, W. H., & Krathwohl, D. R. (1956). Taxonomy of
educational objectives: Handbook I: Cognitive domain. New York: David McKay, 19(56).

Bower, M. (2008). Affordance analysis—matching learning tasks with learning
technologies. Educational Media International, 45(1), 3-15.

Bower, M., Hedberg, J. G., & Kuswara, A. (2010): A framework for Web 2.0 learning design,
Educational Media International, 47:3, 177-198.

Brusilovsky, P. (1996). Methods and techniques of adaptive hypermedia. User Modeling and
User-Adapted Interaction, 6 (2-3), 87-129.

Buriano, L., Marchetti, M., Carmagnola, F., Cena, F., Gena, C., & Torre, I. (2006, May). The
role of ontologies in context-aware recommender systems. InMobile Data
Management, 2006. MDM 2006. 7th International Conference on, pp. 80-80). |IEEE.

Cardoso, J.and Nunes Escorcio, A. L. (2007), Editing tools for ontology construction. Semantic
Web Services: Theory, Tools and Applications, |dea Group. , pp. 71-95.

Chen, Y., Wu, C., Guo, X, & Wu, J. (2012). Semantic Learning Service
Personalized. International Journal of Computational Intelligence Systems, 5(1), 163-
172.

Codina, V., Ceccaroni, L. (2010a) A recommendation system for the semantic Web. Proc. of
International Symposium on Distributed Computing and Artificial Intelligence 2010
(DCAI'10).

Codina, V., Ceccaroni, L. (2010b). Taking Advantage of Semantics in Recommendation
Systems. In Proceedings of the 2010 conference on Artificial Intelligence Research and
Development: Proceedings of the 13th International Conference of the Catalan
Association for Artificial Intelligence, Alquézar, R., Moreno, A., and Aguilar, J., (Eds.). I0S
Press, Amsterdam, The Netherlands, 163-172.

Coffield, F., Moseley, D., Hall, E., & Ecclestone, K. (2004). Learning styles and pedagogy in
post-16 learning: A systematic and critical review.

Conger, S. (2009). Web 2.0, virtual worlds, and real ethical issues. Social software and
Web, 2, 105-117.

Conole, G., & Alevizou, P. (2010). A literature review of the use of Web 2.0 tools in Higher
Education. A report commissioned by the Higher Education Academy.

Conole, G., & Fill, K. (2005). A learning design toolkit to create pedagogically effective
learning activities. Journal of Interactive Media in Education, 2005(1).



Corcho, O., Fernandez-Lopez, M.; and Gomez-Perez, A. 2003. Methodologies, Tools and
Languages for Building Ontologies. Where Is Their Meeting Point? Data and Knowledge
Engineering 46(1): 41-64.

Czerkawski, B. O. (2011). Free and open source software for e-learning: issues, successes,
and challenges. Information Science Reference.

Dagger, D., Wade, V., & Conlan, O. (2002). Towards a standards-based approach to e-
Learning personalization using reusable learning objects. In World Conference on E-
Learning in Corporate, Government, Healthcare, and Higher Education ,Vol. 2002, No. 1,
pp. 210-217.

Duineveld, A. J., Stoter, R., Weiden, M. R., Kenepa, B., and Benjamins, V. R.
WonderTools?: a comparative study of ontological engineering tools. Int. J. Hum.-
Comput. Stud. 52(6), June 2000, pp. 1111-1133.

Fernandez M., Gdmez-Pérez A., Pazos A. and Pazos J. (1999) Building a Chemical Ontology
Using METHONTOLOGY and the Ontology Design Environment. IEEE Intelligent Systems,
14 (1), 37-46.

Fleming, N. (2006).Teaching and learning styles: VARK. 2nd ed. Christchurch, N.Z.

Gauch, S., Speretta, M., Chandramouli, A., & Micarelli, A. (2007). User profiles for
personalized information access. In The adaptive Web (pp. 54-89). Springer Berlin
Heidelberg.

Gruninger M. and Fox M. (1995) Methodology for the Design and Evaluation of Ontologies.
Proceedings of the IJCAI'95. Workshop on Basic Ontological Issues in Knowledge
Sharing. Montreal.

Horrocks, I., Patel-Schneider, P. F., & Van Harmelen, F. (2003). From SHIQ and RDF to OWL:
The making of a web ontology language. Web semantics: science, services and agents
on the World Wide Web, 1(1), 7-26.

Husain, W., & Dih, L. (2012). A Framework of a Personalized Location-based Traveler
Recommendation System in Mobile Application. /MUE, 7(3), 11-18.

ISO/IEC 25010:2011.Systems and software engineering — Systems and software Quality
Requirements and Evaluation (SQuaRE) -- System and software quality models

Jadhav, A., & Sonar, R. (2009). An integrated rule-based and case-based reasoning approach
for selection of the software packages. InInformation Systems, Technology and
Management (pp. 280-291). Springer Berlin Heidelberg.

John, P., & Sutherland, R. (2005). Affordance, opportunity and the pedagogical implications
of ICT. Educational Review, 57(4), 405-413.

Kapoor, B., Sharma, S. (2010) A Comparative Study Ontology Building Tools for Semantic
Web Applications, International journal of Web & Semantic Technology. 1/3, 1-13.

Khalid, M. S., Rongbutsri, N., & Buus, L. (2012). Facilitating adoption of Web tools for
problem and project based learning activities.

Khondoker, M. R., Mueller, P. Comparing Ontology Development Tools Based on an Online
Survey. In: Proceedings of the World Congress on Engineering (WCE), London, UK, June
30—July 2, 2010, pp. 188-192.

Kolesinski, M. T., Nelson-Weaver, E., & Diamond, D. (2013). Digital Solidarity in
Education: Promoting Equity, Diversity, and Academic Excellence through Innovative
Instructional Programs. Routledge.



Kurilovas, E.; Serikoviene, S. (2013). New MCEQLS TFN Method for Evaluating Quality and
Reusability of Learning Objects. Technological and Economic Development of Economy,
Vol. 19 (4), pp. 706—-723.

Kurilovas, E.; Serikoviene, S.; Vuorikari, R. (2014). Expert Centred vs Learner Centred
Approach for Evaluating Quality and Reusability of Learning Objects. Computers in
Human Behavior, Vol. 30, pp. 526-534.

Kuswara, A. U., Richards, D. (2011). Realising the Potential of Web 2.0 for Collaborative
Learning Using Affordances. J. UCS, 17(2), 311-331.

Lambrix, P. Habbouche, M., and Prez, M. (2003). Evaluation of ontology development tools
for bioinformatics. Bioinformatics, 19(12):1564-1571.

Laurillard, D. (2002). Rethinking University Teaching. A conversational framework for the
effective use of learning technologies. London: Routledge.

Lee, M.J.W., McLoughlin, C. (2008). Harnessing the affordances of Web 2.0 and social
software tools: Can we finally make "student-centered" learning a reality?. In J. Luca &
E. Weippl (Eds.), Proceedings of World Conference on Educational Multimedia,
Hypermedia and Telecommunications 2008 (pp. 3825-3834). Chesapeake, VA: AACE.

Lepeckiené, V. (1998). Aktyvaus mokymosi metodai. Mokytojo knyga,Garnelis. [in
Lithuanian]

Li, L., Tang, S., Fang, L., Xiao, R., Deng, X., Xu, Y., & Xu, Y. (2007). Voeditor: a visual
environment for ontology construction and collaborative querying of semantic Web
resources. In Computer Software and Applications Conference. COMPSAC 2007. 31st
Annual International (Vol. 1, pp. 591-600). IEEE.

Manouselis, N., Drachsler, H., Vuorikari, R., Hummel, H., & Koper, R. (2011). Recommender
systems in technology enhanced learning. In Recommender systems handbook (pp. 387-
415). Springer US.

Martinez, L., Barranco, M. J., Perez, L. G., & Espinilla, M. (2008). A knowledge based
recommender system with multigranular linguistic information. International Journal of
Computational Intelligence Systems, 1(3), 225-236.

Middleton, S.E., Roure, D.D., Shadbolt, N.R.: Ontology-based recommender systems. In: S.
Staab, R. Studer (eds.) Handbook on Ontologies, International Handbooks on
Information Systems, pp. 779-796. Springer (2009).

Mizoguchi, R. Tutorial on ontological engineering Part 2: Ontology development, tools and
languages. New Generation Computing 22(1), 2004, pp. 61-96.

Moazeni, S., & Pourmohammadi, H. (2013). Smart Teaching Quantitative Topics through the
VARK Learning Styles Model. Proceedings of the 3rd IEEE Integrated STEM Education
Conference (ISEC 2013) Princeton University, USA, pp. 1-5.

Motik, B., Sattler, U., & Studer, R. (2005). Query answering for OWL-DL with rules. Web
Semantics: Science, Services and Agents on the World Wide Web,3(1), 41-60.

Neches, R., Fikes, R.E., Finin, T., Gruber, T.R., Senator, T., and Swartout W.R, (1991). Enabling
technology for knowledge sharing, Al Magazine 12(3), pp. 36-56.

Oppermann R. (1994). Introduction. Adaptive User Support (Ed. Oppermann R.), Lawrence
Erlbaum Associates, Hillsdale, New Jersey, pp. 1-13.

Oppermann, R., & Reiterer, H. (1997). Software evaluation using the 9241
evaluator. Behaviour & Information Technology, 16(4-5), 232-245.



O’Reilly, T. Levels of the game: The hierarchy of Web 2.0 applications.:
http://radar.oreilly.com/2006/07/levels-of-the-game-the-hierarc.html. Zitréta 2012-04-
12.

Pashler, H., McDaniel, M., Rohrer, D., & Bjork, R. (2008). Learning styles concepts and
evidence. Psychological science in the public interest, 9(3), 105-119.).

Popescu, E. (2009). Diagnosing students’ learning style in an educational hypermedia
system. Cognitive and Emotional Processes in Web-based Education: Integrating Human
Factors and Personalization, Advances in Web-Based Learning Book Series, 1GI Global,
187-208.

Ricci, F., Rokach, L., & Shapira, B. (2011). Introduction to recommender systems
handbook. Recommender Systems Handbook (pp. 1-35). Springer US.

Schmidt-Schau8, M., Smolka, G. (1991). Attributive concept descriptions with
complements. Artificial intelligence, 48(1), 1-26.

Sirin, E., Parsia, B., Grau, B. C., Kalyanpur, A., & Katz, Y. (2007). Pellet: A practical owl-dI
reasoner. Web Semantics: science, services and agents on the World Wide Web, 5(2),
51-53.

Starkey, L. (2011): Evaluating learning in the 21st century: a digital age learning matrix,
Technology, Pedagogy and Education, 20:1, pp. 19-39.

Su, X., Ilebrekke, L. (2002). A comparative study of ontology languages and tools.
Proceeding of the Seventh IFIP-WGS8.1 International Workshop on Evaluating of
Modeling Methods in Systems Analysis and Design (EMMSAD’02).

Sure, Y., Staab, S., Studer, R. (2003). On-to-knowledge methodology (OTKM). In Handbook
on Ontologies, International Handbooks on Information Systems.

Targamadzeé, A., & Petrauskiené, R. (2012). The use of information technology tools to
reduce barriers of distance learning. Profesinis rengimas: tyrimai ir realijos, (23), 64-75.

Uppuluri, V.R.R. (1989). Prioritization techniques based on stochastic paired comparisons. In
B.Karpak, S.Zionts (Eds.), Multiple Criteria Decision Making and Risk Analysis Using
Microcomputers. NATO ASI Series, F56, 293-303.

Uschold, M., Jasper, R. A Framework for Understanding and Classifying Ontology
Applications, in: Proc.IJCAI99 Workshop on Ontologies and Problem-Solving Methods,
Stockholm, 1999.

Uschold M., King M. (1995). Towards a Methodology for Building Ontologies. Proceedings of
the 1JCAI’95. Workshop on Basic Ontological Issues in Knowledge Sharing. Montreal.
Vega-Gorgojo, G., Bote-Lorenzo, M. L., Gomez-Sanchez, E., Asensio-Perez, J. |., Dimitriadis, Y.
A., Jorrn-Abellan, I. M. (2008). Ontoolcole: Supporting educators in the semantic search

of CSCL tools, Journal of Universal Computer Science (JUCS) 14 (1), 27-58.

Vesin, B., lvanovié¢, M., Klasnja-Milicevi¢, A., & Budimac, Z. (2012). Protus 2.0: Ontology-
based semantic recommendation in programming tutoring system. Expert Systems with
Applications, 39(15), 12229-12246.

Vesin, B., lvanovi¢, M., Klasnja-Mili¢evi¢, A., & Budimac, Z. (2013). Ontology-based
architecture with recommendation strategy in java tutoring system.Computer Science
and Information Systems, 10(1), 237-261.

Wang, H. C. Huang, T. H. (2013). Personalized e-learning environment for
bioinformatics. Interactive Learning Environments, 21(1), 18-38.



Youn, S., & McLeod, D. (2006). Ontology Development Tools for Ontology-Based Knowledge
Management. Encyclopedia of E-Commerce, EGovernment and Mobile Commerce, Idea
Group Inc.

Yuen, S.C.Y. (2010). Developing an Online Course Based on E-Learning 2.0 Concepts. In D.
Gibson & B. Dodge (Eds.), Proceedings of Society for Information Technology & Teacher
Education International Conference 2010 (pp. 993-994). Chesapeake, VA: AACE.

LIST OF PUBLICATIONS BY THE AUTHOR ON THE SUBJECT OF
DISSERTATION

The results of the Doctoral thesis were published in 6 scientific publications (5 of

them in periodical peer-reviewed journals, and 1 — in the proceedings of other scientific
conference).

Articles in peer-reviewed periodical journals:
1.

Juskeviciene, A. (2010). Web 2.0 tools and education (Antrosios kartos saityno
technologijos ir Svietimas). Lietuvos matematikos rinkinys. Lietuvos matematiky
draugijos darbai, 51: 103-108.

Juskeviciene, A. (2011). Web 2.0 tools for education (Antrosios kartos saityno
technologijos mokymui(si)). Lietuvos matematikos rinkinys. Lietuvos matematiky

draugijos darbai. 52: 89-94.

. Urbonieng¢, J., Juskeviciene, A. (2011) Research on Web 2.0 tools for programing

teaching (Web 2.0 technologijy adaptuojamumo programavimo mokymui
galimybiy tyrimas). Studijos Siuolaikinéje visuomenéje. Siaurés Lietuvos kolegija.
Siauliy knygridykla. 2(1):161-170.

Juskeviciene, A., Kurilovas, E. (2012). Web 2.0 tools to personalise VLE Moodle
(VMA Moodle personalizavimo galimybé antrosios kartos saityno
technologijomis). Lietuvos matematikos rinkinys. Lietuvos matematiky draugijos
darbai, 53:181-186.

Juskevicien¢, A., Kurilovas, E. (2014). On recommending Web 2.0 tools to
personalise learning. Informatics in Education, 13(1):17-30 .

Articles, published in other proceedings of scientific conferences:

. Dagien¢, V., Juskeviciene, A. (2010).Te@ch.us projektas - pasitelkime Web 2.0

technologijas mokymui ir mokymuisi. Mokymosi bendruomeneg ir antrosios kartos
saityno (Web 2.0) technologijos. Tarptautinés konferencijos praneSimai. Vilnius :
Matematikos ir informatikos institutas: 40-46.



SHORT DESCRIPTION ABOUT THE AUTHOR

Anita Juskevicien¢ was born on the 29th of September, 1982 in Vilnius, Lithuania.
In 2001, she graduated from Vilnius Mindaugas Secondary School. She received her
B.Sc. degree in mathematics and informatics teaching from Vilnius University, Faculty
of Mathematics and Informatics, in 2007. In 2009 she received the M.Sc. degree in
mathematics and informatics teaching from Vilnius Universtity, Faculty of Mathematics
and Informatics. During the period of 2009 — 2013 she was a Doctoral student at the
Vilnius University Institute of Mathematics and Informatics (technological sciences,
informatics engineering). In 2012, she was admitted to the 8th Joint European Summer
School on Technology Enhanced Learning and awarded grand. She was admitted as an
exchange student (by Erasmus Programme) at the University of Eastern Finland, the
School of Computing (Joensuu, Kuopio), during 1.5.2013 — 31.7.2013 and awarded
grand. Since 2006 Anita Juskevi¢ien¢ has been working as an engineer at the Vilnius
University Institute of Mathematics and Informatics.
Email: anita.juskeviciene @mii.vu.lt



SANTRAUKA
1.1. Darbo aktualumas

Terminas technologijomis gristas (praturtintas) mokymasis panaudotas tada, kai
atsirado asmeniniai kompiuteriai, t. y. kai kompiuteriai i$plito ir tapo prieinami mokymo
jstaigose bei namuose (apie 1970 metus). Dar didesn¢ jtakag mokymo ir mokymosi
procesui padar¢ interneto atsiradimas ir iSplitimas. Pradétos kurti modernios internetinés
technologijos, vadinamosios antrosios kartos saityno priemonés (angl. Web 2.0). Tai
saityno priemoneés, suteikian¢ios galimybe naudoti laisvai publikuojamo turinio bazes,
tinklaraS¢ius, vikius, bendruomeniy tinklus ir adresynus, RSS, AJAX technologijas,
hibridus, laisvosios prieigos saityno paslaugas ir kitas interaktyvias sistemas (toliau
darbe vadinsime internetinémis priemonémis). Nors §ios priemonés buvo sukurtos ne
edukaciniais tikslais, tac¢iau greitai jas imta taikyti visose ugdymo srityse: pamokose,
studijose, nuotoliniame mokymesi. Tai daré¢ didele jtaka ugdymui, ypatingai el.
mokymuisi.

El. mokymasis — tai mokymasis, kuris siekiant kokybés ir efektyvumo
praturtinamas informacijos ir komunikacijos technologijomis (IKT), mokymosi procesas
dazniausiai perkeliamas ] virtualig erdve. El. mokymasis, kuris yra praturtintas antrosios
kartos saityno priemonémis, vadinamas antrosios kartos el. mokymusi (angl. E.learning
2.0).

Antrosios kartos saityno priemoniy poveikis mokymosi procesui vertinamas
teigiamai dél suteikiamy mokymosi veikly lengvesnio atlikimo galimybiy (Bower ir kt.,
2010; Conde ir kt., 2012; Conole, Alevizou, 2010), dél suteikiamy galimybiy
besimokantiesiems dalintis idéjomis (Kuswara, Richards, 2011), aktyviai dalyvauti bei
lavinti kiirybiskumo igtidZius (John, Sutherland, 2005; Redecker ir kt., 2009; Tess, 2013;
Kirkwood, Price, 2013). Visos Sios savybés yra bitinos siekiant personalizuoto
mokymosi tiksly ir geresniy mokymosi proceso rezultaty.

Personalizuotos mokymosi aplinkos kiirimas parenkant besimokanciajam tinkamas
internetines priemones yra sudétingas ir aktualus Siy dieny uzdavinys. Dabartinis
besimokantysis turéty pats imtis iniciatyvos, buti atsakingas uZz mokymosi procesa,
moketi pasirinkti tinkamas mokymosi priemones (Siemens, 2005; Siemens, Downes,
2009; Ackermann, 2010; Kalas, 2010; Filipci¢, 2010), tac¢iau parama mokymosi metu
taip yra labai svarbi. Besimokanciojo savarankiSkai pasirinktos priemonés nebitinai
padés jgyvendinti siekiamy mokymosi tiksly ir veikly optimaliausiu biidu. Kadangi
besimokantysis neturi pakankamos patirties ir Ziniy, paieSkos procesas gali pareikalauti
daug pastangy ir laiko. El. mokymosi rekomendavimo sistemos gali atlikti pedagogo —
patar¢jo vaidmenj, nes jy zZiniy bazése yra sukauptos eksperty Zinios ir sistemos
rekomendavimas gali prilygti pedagogy patarimams, daznai juos net pernokti. Mokymosi
turinys ir priemonés rekomenduojamos naudojant jvairius informacijos surinkimo,
apraSymo ir apdorojimo algoritmus.

Disertaciniame darbe iSnagrinéti rekomendavimo sistemy ir jose naudojamy
vartotojo profiliy tipai, rekomendavimo budai, Siy sistemy taikymo galimybés
personalizuotam mokymuisi, mokymosi proceso ir antrosios kartos saityno priemoniy
sgveika, pagrindinés savybés. Pateikiamas §io darbo autorés sudarytas antrosios kartos
saityno priemoniy komponavimo mokymosi procese metodas parenkantis tam tikram
besimokanciajam priemon¢ atsizvelgus ] mokymosi tikslus, norimg jgyvendinti
mokymosi veikla, teikiamg pirmenyb¢ mokymosi turiniui bei bendravimo formai.



Nagrinétoji dalykiné sritis apraSyta ontologijoje, o pasitlyto metodo etapai jgyvendinti
Ziniomis grindZiamos rekomendavimo sistemos prototipe. Sukurtoji  sistema
rekomenduoja tam tikrg mokymosi stiliy turiniam besimokanciajam visas jos Ziniy
bazéje esancias internetines priemones, kuriomis naudodamasis besimokantysis gali
atlikti nurodyta mokymosi veiklg.

Pasitilyta metoda jvertino parinkti ekspertai — buvo jsitikinta metodo kokybe, t.y.
tikslumu, tinkamumu ir naSumu (laiko atzvilgiu) rekomenduojant internetines mokymosi
priemones.

1.2. Tyrimo objektas
Antrosios kartos saityno priemoniy naudojimas mokymuisi personalizuoti.
1.3. Tyrimo tikslas

Siekiant padéti besimokanciajam sparciau ir tiksliau rasti tinkamas antrosios kartos
saityno priemones, sukurti personalizuoty, atsiZvelgus 1 besimokanciojo teikiamas
pirmenybes mokymosi turiniui ir bendravimo formai, $iy priemoniy, tinkamy konkreciai
mokymosi veiklai atlikti, parinkimo metodg ir jj jgyvendinant] Ziniomis grindZiamos
rekomendavimo sistemos prototipa.

1.4. Darbo uzdaviniai

1. I8tirti personalizuoto el. mokymosi technologinius ypatumus: rekomendavimo
sistemy taikymo personalizuotam mokymuisi galimybes bei S§iy sistemy
komponentus.

2. Atlikti antrosios kartos saityno priemoniy, tinkamy mokymosi veikloms
jgyvendinti, parinkimo metody analizg.

3. Sukurti antrosios kartos saityno priemoniy komponavimo personalizuoto
mokymosi procese metoda, kai atsizvelgiama 1 besimokanc¢iyjy mokymosi stilius.

4. Sukurti pasitlyta metodg jgyvendinantj sistemos prototipa.

5. Atlikti pasitlyta metoda igyvendinancios sistemos prototipo ekspertinj
vertinima.

1.5. Tyrimu metodai

Rengiant analiting disertacijos dalj buvo atlikta mokslinés literatiiros sisteminé
analizé: informacijos paieskos, sisteminimo, analizés, lyginamosios analizés ir
apibendrinimo metodas. Buvo analizuojami: antrosios kartos saityno priemoniy taikymo
mokymuisi, rekomendavimo sistemy taikymo personalizuotam mokymuisi igyvendinti
budai. Remiantis analize ir siekiant darbe iSkelto tikslo, buvo pasirinktas vienas i§
Ziniomis grindZiamos rekomendavimo sistemos naudojamo Ziniy apraSymo bidy —
ontologija. Sudarant ontologija daugiausia buvo remtasi METHONTOLOGY
(Fernandez ir kt., 1999) ontologijos sudarymo metodu.

Atliekant pasitlyto internetiniy priemoniy atrankos metodo eksperimentinj
vertinimg naudoti eksperty apklausos, apibendrinamieji metodai, o sudarytojo metodo
kokybei vertinti — neraiSkiyjy skaiciy daugiakriterinis analizés vertinimo metodas.



1.6. Mokslinis naujumas

Mokslo literatiiroje aptinkama tyrimy, kuriuose nagrinéjama, i kokius aspektus
reikéty atsizvelgti parenkant internetines priemones tam tikrai mokymosi veiklai
igyvendinti. Taciau truksta rekomendacijy, kaip S$ie aspektai nulemia tinkamos
priemonés parinkimg, kokiu biidu atsiZvelgiama ] individualius besimokanciojo
poreikius.

Rengiant disertacijg buvo gauti Sie informatikos inZinerijos mokslui nauji rezultatai:

1) Sukurtas metodas, kuris nuo kity internetiniy priemoniy, tinkamy konkreciai
mokymosi veiklai jgyvendinti, parinkimo metody skiriasi personalizuota
priemoniy paieSka atsiZvelgiant ] mokymosi turiniui ir bendravimo formoms
teikiamas pirmenybes. Sukurtas ir jdiegtas metodas, leidzia tiksliai, tinkamai ir
greitai parinkti internetines priemones personalizuotam mokymuisi.

2) Dalykings srities Zinioms formaliai apibréZti buvo naudota OWL DL ontologijos
kalba, grista deskriptyviosios logikos teorija, o sudaryta dalykinés srities
ontologija remiasi mokymosi veiklos ir internetiniy priemoniy funkcijy
komponenty sarysiu.

1.7. Ginamieji teiginiai

1. Ziniomis grindZiamos rekomendavimo sistemos Ziniy apra§ymo ontologija biidas
yra taikytinas mokymosi personalizavimo srityje, biitent, besimokanciojo
mokymosi veikloms galima parinkti tinkamiausias priemones atsizZvelgus 1 jo
mokymosi stiliy.

2. Sukurtas antrosios kartos saityno priemoniy parinkimo metodas padeda tiksliai,
tinkamai ir greitai rasti pasirinktoms mokymosi veikloms atlikti tinkamas
priemones.

1.8. Praktiné darbo reikSmé

1. ISnagrinéti personalizuoto el. mokymosi technologiniai ypatumai ir funkcijos,
apzvelgti rekomendavimo sistemy veikimo principai ir jy taikymo
personalizuotam mokymuisi patirtis. IStirtos jvairiy IKT ir internetiniy priemoniy
panaudojimo galimybés ir metodai mokymosi procese. Analiz¢ leido sudaryti
internetiniy priemoniy parinkimo personalizuotam mokymuisi metodg.

2. Nagrinétos dalykinés srities Zinios, aprasytos OWL kalba, gali biiti naudotinos
jvairiose rekomendavimo sistemose, sililymus pateikiant atsizZvelgus ne tik
mokymosi turinio formg bet ir | mokymosi veiklas.

3. Rekomendavimo sistemos prototipe jgyvendintas pasiiilytas metodas gali biiti (ji
praplétus) jgyvendintas ir realioje el. mokymosi sistemoje.

4. Pasitulyto metodo ekspertinis aprobavimas parod¢, kad metodas yra taikytinas
realiame kontekste: tinkamas, tikslus ir nasSus laiko atZvilgiu. Naudodamos §j
metoda pedagogikos praktikoje Svietimo jstaigos galéty pasiekti geresniy
personalizuoto mokymosi rezultaty. Teisingas metodo naudojimas leisty pagerinti
mokymosi kokybe, motyvacija, praktines Zinias taikyti su teorinémis.



1.9. Darbo struktiira

Darbg sudaro: terminy ir santrumpy Zzodynélis, ivadas, trys pagrindinés dalys
(1 pav.), bendrosios iSvados ir rezultatai, cituotos literatiros ir standarty sarasas, priedai.

Pirmojoje dalyje — ivade — apraSomas darbo aktualumas, iSkeliamas darbo tikslas ir
uzdaviniai, darbo mokslinis naujumas ir praktiné¢ darbo reikSmeé, pateikiamas autores
moksliniy publikacijy disertacijos tema ir mokslinése konferencijose skaityty praneSimy
disertacijos tema sgrasas.

Antrojoje dalyje analizuojami moksliniai literatiiros Saltiniai, susij¢ su el. mokymosi
personalizavimo tema: analizuojamos personalizavimo galimybés, rekomendavimo
sistemy ypatumai, besimokanciojo profilio sudarymo problemos, internetiniy priemoniy
taikymo galimybés ir modeliai mokymosi proceso kokybei ir besimokanciojo
motyvacijai gerinti.

Treciojoje dalyje nagrin¢jamas mokymosi proceso ir tinkamy internetiniy
priemoniy parinkimo personalizuotam mokymuisi metodas ir metodo taikymo pavyzdys.
Sukurtasis metodas padeda parinkti besimokanciajam (atsizvelgus | jo mokymosi stiliy)
interneting priemong, tinkamg tam tikrai mokymosi veiklai jgyvendinti.

Ketvirtojoje dalyje apraSomas treCiojoje dalyje pasiilyto metodo kokybés,
igyvendinto rekomendavimo sistemos prototipe, ekspertinis vertinimas, apibendrinti
rezultatai ir pateiktos bendrosios iSvados.

Bendra disertacijos apimtis yra 147 puslapiai.

—( Analitiné dalis

Y ¥

k.
Prlamonil._; parinkimo Rekomendavimo sistemy Personalizuoto el.
mokymuisi metody G mokymosi technologiniai
technologiniai ypatumai
analizé ypatumai

I

( Teoriné dalis )

Internetiniy priemoniy
personalizuoto parinkimo
metodas

Eksperimentiné
dalis

1 pav. Pagrindinés disertacijos dalies struktiira

1.10. Darbo publikavimas ir aprobavimas

Disertacijos rezultatai pateikti SeSiose mokslinése publikacijose: penkiuose
recenzuojamuose periodiniuose leidiniuose, viename mokslinés konferencijos darby



leidinyje. Disertacijos rezultatai pristatyti septyniose tarptautinése ir nacionalinése
konferencijose.

BENDROSIOS ISVADOS IR REZULTATAI

1. IStyrus antrosios kartos saityno priemones ir rekomendavimo sistemy taikymo
personalizuotam mokymuisi galimybes, nustatyta, kad:

1.1. Antrosios kartos saityno priemonés mokslinése publikacijose yra skirstomos
pagal jvairius kriterijus, taciau visuotinai priimtos ir pagristos klasifikacijos néra, ta
pati priemoné gali turéti jvairiy funkcijy ir valdyti daugelj skirtingy objekty. Siame
darbe pateiktas antrosios kartos saityno priemoniy klasifikavimo biidas padeda
vartotojui orientuotis antrosios kartos saityno priemoniy gausoje ir iSskirti jy
teikiamas galimybes. Pateikiamas skirstymas i tris grupes: 1) artefakty valdymo, 2)
komunikavimo ir 3) imitavimo. Tai jgalina sudaryti antrosios kartos saityno
priemoniy taksonomijg pagal priemoniy taikymo galimybes ir valdomus objektus,
komunikavimo formg ir imituojamo proceso tipg.

1.2. Publikacijose daZniausiai nagrinéjamas mokymosi kokybés gerinimas |
mokymosi procesg jtraukus antrosios kartos saityno priemones ir atsizvelgus i jy
tinkamuma konkreciai mokymosi veiklai jgyvendinti — nurodant mokymosi tikslus ir
metodus, pageidaujamg bendravimo ir veikimo sgveikos formg bei laikg. Tokiu atveju
tik i§ dalies atsiZvelgiama j besimokanéiojo poreikius ir savybes. Siame darbe
siiloma mokymasi personalizuoti atsiZvelgus 1 besimokanciojo teikiamg pirmenybg
mokymosi turinio ir bendravimo formai, remiantis VARK mokymosi stiliy modelio
teorija.

1.3. Rekomendavimo sistemos tinka mokymuisi personalizuoti, siiilant
mokymosi turinj ir priemones atsizvelgus | besimokanciojo poreikius. Tokiu biidu
gerinama mokymosi kokybé ir besimokan&iojo motyvacija. Ziniomis grindZiamos
rekomendavimo sistemos sitlo elementus gretinant jy savybes su vartotojo profilyje
apraSytomis savybémis (profilis el. mokymosi sistemose sudaromas remiantis
mokymosi stiliy teorija). Rekomendavimui naudojamos dalykinés srities Zinios ir
vartotojo profilis apraSomi ontologija, tokiu buidu uztikrinamas pakartotinis sukaupty
Ziniy panaudojimas, kuris tinka ir Zmonéms, ir programiniams moduliams.

2. Remiantis antrosios kartos saityno mokymuisi skirtomis priemonémis,
rekomendavimo sistemy taikymo personalizuotam mokymuisi analize bei tyrimais ir
sukaupta praktine patirtimi, pasiiilytas antrosios kartos saityno priemoniy komponavimo
mokymosi procese metodas:

2.1. Kuris padeda parinkti priemones, tinkancias besimokanciojo nurodytai
mokymosi veiklai jgyvendinti atsiZzvelgus j jo mokymosi stiliy, t. y. i mokymosi
turinio ir bendravimo formai teikiamg pirmenybe. Tokiu biidu mokymosi procesas
yra personalizuojamas.

2.2. Kurio elementai formaliai uZrasSyti ontologija, leidZia dalykinés srities Zinias
panaudoti §} metodg jgyvendinancioje rekomendavimo sistemoje.

3. Atlikus darbe pasitlyto antrosios kartos saityno priemoniy komponavimo
mokymosi procese metodo, jgyvendinto rekomendavimo sistemos prototipe, ekspertini
vertinimg, nustatyta, kad:

3.1. Sistemos pateikiami rezultatai yra tikslis — rekomenduojamos priemonés yra
tinkamos nurodytoms mokymosi veikloms jgyvendinti, t.y. sitilomos priemonés



suteikia galimybe nurodytam edukaciniam veiksmui atlikti norimu laiku ir esant
norimam besimokanciyjy skai¢iui, o priemoniy valdomi artefaktai yra tinkami
konkre¢iam besimokanciajam, atsizvelgus | jo mokymosi stiliy;

3.2. Sistemos veikimas yra tinkamas, t. y. visiSkai atitinka pasitilyta metodg ir
veikia, kaip numatyta — sistema personalizuotai rekomenduoja priemones;

3.3. Naudojantis sukurta rekomendavimo sistema, personalizuotam mokymuisi
tinkancias internetines priemones galima rasti grei¢iau nei sistemos nenaudojant;

3.4. Pasiiilytas metodas ir ji igyvendinantis prototipas yra geros kokybés, pagal
tikslumo, tinkamumo ir na§umo kriterijus — atitinka 81,4 proc. absoliuc¢ios kokybés.
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