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Abstract

Personalization is one of the important functions of modern Learning Management Sys-
tems. The basic idea of personalization in education is an incorporation of the person’s
individual characteristics. This thesis is directed to study the main aspects of personaliza-
tion and how personalization can be applied in LMS, in order to achieve the best results
during learning process and make learning more convenient and flexible.

The main objective of our study is to identify the personalization approach or a mix
of approaches among Personalized Guidance, Personalized Learning Activities and Per-
sonalized Communication that can be more useful for inclusion in the LMS. We have
found that a mix of Personalized Learning Activities and Personalized Communication
Approaches is most useful for inclusion in the LMS. This mix can contribute to solving
some of the problems of students, such as the difficulty of access and retrieval of de-
sired educational materials and a communication problem. We have also examined the
basis on which these approaches can provide personalization. Based on our research and
analysis, we determined that the Personalized Learning Activities Aproach should include
features such as: Study topic and Technical level; Personalized Communication Approach
should be based on the Study topic.
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1 Introduction

Personalization is one of the important functions of modern Learning Management Sys-
tems (LMSs). The basic idea of personalization in education is an incorporation of the
person’s individual characteristics. As we know all students are different and therefore
approaches taken when teaching students and providing information to them must be
different. Personalized services are attracting attention as a method of intelligent infor-
mation service to satisfy informational demands of users in the system [1]. LMSs can be
personalized in various degrees. Personalization in the LMSs can be viewed from differ-
ent angles, such as personalization of the interface, personalization of the information
content of courses, personalization of the communications, and personalization of the ad-
ditional informational materials, etc. At the same time personalization in the LMSs can be
based on various features such as educational interests, existing knowledge, knowledge
etc.

This thesis is directed to study the main aspects of personalization and how personal-
ization can be applied in LMSs, in order to achieve the best results during learning pro-
cess and make learning more convenient and flexible. The main purposes of this thesis
is to find the important features of personalization, to consider types of personalization
that play an important role in providing educational content in the most effective manner
for students in LMS. We are going to determine on what personalization should be based
on, and the challenges that is related to the interaction with the LMS can be solved by
integrating of personalization.

This chapter presents topics that will be covered in this master thesis, a description of
the problem area, the justification, the motivation and the benefits. The research ques-
tions are also discussed in this part.

1.1 Topic Covered by the Project

LMS is an environment that has the ability to handle and manage the learner process any-
time and anywhere [2]. A typical LMS provides course instructors with ability to create
and deliver educational materials, to monitor the attendance of students and evaluate
those tasks. Students using the LMS can obtain access to educational materials and study
courses, solving and download the study exercises. Also it may provide students with the
possibility of extended services such as discussion, chat, video conferences, forums, etc.
LMSs provide access and management to Learning objects (LO). Concept of LO may in-
clude the following: labwares, course works, presentations, on-line courses, assignments,
on-line research literature, audio and video lectures etc, that correspond a large amount
of information and should be provided efficient for learners. Personalization can serve a
way that can contribute to this.

To personalize means to make or change something, so it is suitable for a particular
person [3]. [4] define personalization as:

the ability to provide content and services tailored to individuals based on knowledge
about their preferences and behaviour.

1
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An adaptive process for an individual user can take the form of information filtering
and/or identification of suitable information based on user interest. Web personalization
involves personalization of Web resources - the content, links, web page structure and
navigation [5]. Personalization of LMS is an important part [6]. Main objective of per-
sonalized learning system is to make the system that considers the queries, requirements
and characteristics of each individual user, to help him find desirable information and
to improve their web experience. Personalization in education provides searching and
filtering of educational material and learning objects that befit the individual user and
are appropriate to their preferences and interests. And also it considers in what manner
and at what time, information should be provided so that the user could benefit as much
as possible from it to spent his time as little as possible [7].

Personalised learning can be built on approaches such as personalized user interface,
personalized learning path, personalized learning activities, personalized recommenda-
tion of learning materials, personalized communication [8].

1.2 Keywords

Learning management system, personalization, personalization approach, personalized
learning styles, personalized guidance, personalized communication.

1.3 Problem Description

Today, learning resources are richer than before, include text, images, video, audio and
other formats. An abundance of educational resources can increase the efficiency of
learning, because learners can choose easy to understand learning material [9]. How-
ever, a large number of educational resources also forces people to spend more time for
searching suitable learning materials.

The most part of the LMS is built in a standard way, they are able to manage the
learning activities, learning material and communicate with other systems to the Internet
through network platforms and programming languages. But the majority of LMS are not
able to provide dynamic learning content to learners and change learning activities, they
offer only a predefined set of actions to students [10]. They are not able to adapt content
to the individual user.

At the same time the most LMSs provide the same content for study to all students
or allow students to choose content among a large number of resources without giving
any advice or assistance [8]. The LOs are presented uniformly to all learners and are
not centered on their background, learning styles and preferences [11]. But all students
are different: they perceive information differently and prefer different teaching meth-
ods. The learners needs and goals change along with their learning process. Due to the
variance of learners’ capabilities, intelligent learning systems should be able to provide
different course materials and teaching methods [12]. Currently, several personaliza-
tion approaches are distinguished. Each of these approaches is used for a specific pur-
pose and has their own distinctive features. The question arises – how can we provide
a personalization of LMS? What criteria and functionalities are required to produce of
personalization in LMS? What kind of students’ features should be considered?

2
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1.4 Justification, Motivation and Benefits

Education plays an important part in our lives. More over, our future life depends from
it. Therefore, it is important that the learning process should be effective: it must be
usable for the learner and conform to his desires and needs. Inclusion of personaliza-
tion function in the LMS will facilitate student access to resources that will contribute
to more comfortable and convenient learning, providing only the desirable information
in an understandable and readable form. In addition, recommendation of educational
materials in the learner’s preferred form and based on learner’s background will accel-
erate the process of learning, because the student will not waste time on searching and
filtering necessary materials. Use LMS with function of personalization, students do not
adapt to the system but instead the system adapts to the students. With this feature, LMS
provides a more flexible approach for studying to learners, makes the process easier and
more enjoyable.

Use LMS with function of personalization, teachers can learn more about their stu-
dents in real time and use this knowledge to improve educational outcomes for each
student. For example, if student spends more time for study of a topic than other stu-
dents do, the teacher can help him to understand the topic. Teachers will be able to
understand the desires of each individual student and use it to construct lesson plans.
The more teachers know about their students, the more learning process is effective and
efficient.

The system, which focuses on the individual users and provides personalization ser-
vices, improves service quality. Personalization of the LMS is “a seller of the store, which
sits in the corner, remembers your previous steps and experiences and based on that
helps you to make your next choice”. Moreover, limiting navigation options and provid-
ing directed links to the desired information, personalization automatically makes the
system more navigable, allowing the user to find desired content faster [13].

1.5 Research Questions

The following research questions were identified in this master thesis:
Q.1 — What personalization approach or mix of personalization approaches among

personalized guidance, personalized learning activities and personalized communication
can be more useful in Learning Management System?

This question compares three personalization approaches of LMS: personalized guid-
ance, personalized learning activities and personalized communication. As result of the
question, the most useful approach or approaches mix will be found for inclusion in the
LMS.

Q.2 — What features can be as basis for personalization in Learning Management
System?

This question is to determine what features can be a basis for personalization in LMS
and important points that should be considered when learning resources is personalized.

3
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2 Choice of Methods

The main goals of this master thesis are to identify the most useful personalization ap-
proach or mix of approaches among personalized guidance, personalized learning activ-
ities and personalized communication in learning management system and identify im-
portant points at which personalization can be based. Thereto, we can conduct a survey
among students. This may be quantitative (statistical) or qualitative research methods.
Quantitative research methods aim to obtain quantitative information about the large
number of research objects. The main task of quantitative research is to provide a nu-
merical evaluation of the reaction of respondents to an event. Such studies are used
when accurate and statistically reliable numerical data is needed. Qualitative research
is focused on obtaining the deep motivation of the user, of detailed information about
the subject. Qualitative methods involve gathering information in a free form, they focus
not on statistical measurements, and are based on the understanding, explanation and
interpretation of empirical data. Qualitative methods are a source of hypothesis forma-
tion and productive ideas. Qualitative research methods require a survey in the form of
individual interviews with respondents.

In this master thesis we study a inclusion of a new feature in LMS, namely the per-
sonalization. Thereto, we will interview with students who use the LMS in their usual
learning process. In the interview, we ask questions about the inclusion of personaliza-
tion in the LMS. Persons are limited in their knowledge and can answer questions only
about what they had to experience. They can not imagine what they do not know about
such as new technologies, materials, etc. [14]. Therefore, the first step in the study
will be to build a prototype that represents the functions which provide personalization
in the LMS. The prototype will be based on three personalization approaches of LMS,
which are considered in this project: personalized guidance, personalized learning activ-
ities and personalized communication. The prototype will provide the basic concepts and
objectives of personalization.

Since we use a prototype in our study, that demonstrates the personalization features
in the LMS. But we are limited by time of the study. Consequently, we can not show a
prototype for a large number of respondents that are required in quantitative research
methods. Therefore, a qualitative research method will be the primary. But we can make
statistical conclusions about certain issues based on results of the qualitative method.

Respondents will be given an opportunity to explore and interact with the developed
prototype. After that individual interviews will be conducted among the participants,
in which they will be asked questions relating to the study area. After analysing the
responses of participants, we can draw conclusions about our research. We will take into
account the views of each individual respondent.

5
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3 Related Work

3.1 Concept of Learning Management System

Modern educational approach is undergoing some changes. A large number of schools
and universities use a blended learning approach, which combines the "traditional ap-
proach to education, where the transfer of knowledge is achieved mostly by lecturing"
[15], and "e-learning approach", that is defined as "the use of new multimedia technolo-
gies and the Internet to improve the quality of learning by facilitating access to resources
and services as well as remote exchanges and collaboration" [16]. Access to e-learning
approach is through an on-line environment using a Learning Management System.

A Learning Management System (LMS) is a standards-based system, and "its goal is
to provide standards to describe learning resources, communication protocols between
learning resources, systems to manage the overarching delivery and handling of learning
resources" [2]. A LMS can be represented as a software application, and web based
technology and is used for planning, implementation and management of educational
processes by teachers, and provides authentication, registration for courses and access
to elements of the courses to students. Through the LMS, a course instructor can create
and deliver content, monitor students’ participation and assess students’ performance
[10, 16, 15, 2]. Ryann K. Ellis defines features that are capable of performing full-fledged
LMS, as the following [17]:

• centralize and automate administration;

• use self-services and self-guided services;

• assemble and deliver learning content rapidly;

• consolidate training initiatives on a scalable web-based platform;

• support portability and standards;

• personalize content and enable knowledge reuse.

The main objective of LMS is to manage and provide access to Learning Objects (LO).
A LO is the main source of information in the LMS. The concept of LO may include var-
ious learning methods that involve labware, course work, presentation, on-line course,
assignment, on-line research literature, audio and video lecture etc. The Institute of Elec-
trical and Electronics Engineers ( IEEE) defines a learning object as "any entity, digital or
non-digital, that may be used for learning, education or training" [18]. In this definition,
a "non-digital" LO means "people, organizations and events". [19] defines the classi-
fication for digital LOs. They point out Integrated, Informational and Practice types of
LOs. Under the Integrated type, mini-tutorials, mini case studies, simulations, etc. with
supportive information is implied. Informational type includes overviews/summaries;
descriptions/definitions; demonstrations/models; worked examples; cases/stories; pa-
pers/articles; decision aids. Practice type contains problems/case studies; games/simu-
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lations; drill-and-practice exercises; review exercises; tests/assessments.
There are a large number of companies providing LMS, for example such as Fron-

ter [20], Moodle [21], Blackboard [22], CEWebS [23] etc. These LMSs cover a variety of
teaching methods and allow us to include a variety of LOs. Most of them correspond to
the basic principles defined Ryann K. Ellis.

3.2 Concept of Personalization

Personalization as a phenomenon is probably known since the time of trade relations
[24]. In 1870, the first personalized direct marketing letters appeared and were widely
used throughout the twentieth century. But in 1970, the cost of postal services rapidly
increased, and personalization, as it has been used before, has been given less attention.
Anew talking about personalization was in the 1990s due to the expansion of the Inter-
net, the concept of e-commerce emerged and the cost of personalized letter spread was
close to zero. Now personalization is widely used in such areas as education, health care,
television and etc.

In the literature there are several descriptions of the concept of personalization. Per-
sonalization Consortium defines personalization as [25]:

Personalization is the use of technology and customer information to tailor electronic
commerce interaction between a business and each individual customer. Using informa-
tion either previously obtained or provided in real-time about customer, the exchange
between the parties is altered to fit that customer’s stated needs as well as needs perceived
by the business based on the available customer information.

Nowadays marketers and scholars use several different terms when they talk about
concept of personalization. The most common ones are mass personalization, customiza-
tion, profiling, segmentation, filtering, tailoring and etc.

Briefly, the concept of personalization is a process of changing or adding something
to an object to make it suitable for the needs of a particular person [26]. The main
goal of personalization is to help people find information that interests them, which can
significantly improve their web experience. The most difficult aspect of personalization
is to understand user preferences and successfully use them [5]. The process of user
personalization can be characterized as a process of gathering information about the
user during his interaction with the system and use this information to adapt the system
in accordance with the requirements and desires of the user. Information collected about
the user makes the user profile, which is then used as the basis for the adaptation of the
system.

3.2.1 User Profile

User profile, also called the User model, is an abstract representation of the captured
information requirements for an individual user. Information to construct an individual
user profile can be collected explicitly and implicitly. When the user profile is constructed
explicitly, the user data collected by hand through surveys or user feedback [27]. The
opposite approach to the extraction of user interests is implicit approach. When the user
profile is implicitly built, the user data collected analysis of user behavior and interaction
with the system.

Two types of user profiling approaches are distinguished: the static profile and dy-
namic profile. Static profile is an analysis process of user static and predicted character-
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istics. It is stable or changes very slowly during a long period [28]. Usually static profile
can be created based on user basic data, that possible includes user’s name, sex, age,
place of job or studying and etc. The dynamic profile is opposite of static profile and can
be built in real time based on user behavior data. It changes, if over time the interest of
user changed. The dynamic profile is represented by short term and long-term interests.
Short-term interests represent the interests of the current time, and long-term interests
represent the interests of the user that does not change over a long period of time [29].

3.2.2 Web Personalization Approaches

There are many different approaches to personalization. Anand and Mobasher [30]
classified approaches to web personalization by the usage of user profile data, the way
of data processing, the usage of information and the place where the personalization
process occurs.

Most systems use classification of personalization approaches as the use of user data.
The following techniques are produce: Content-based filtering, Collaborative filtering
and Hybride filtering.

Content-based Filtering

Personalization system based on content-based filtering approach unobtrusively monitors
user behavior in the system. Personalization is based on finding similarities between the
existing information in the system and user behavior in the previous session in the sys-
tem [31]. In content-based filtering, each user is considered independently. As a result,
only the data can be used, which were derived from user behavior in the system [32].
Information is provided to user and it has high similarity to his/her previous interests or
user profiles.

[30, 33] notes the benefits of the content - based filtering approach. This approach
can be applied on the client side, that ensures privacy of the user. The disadvantage of the
approach is that the approach focuses on previous user interests. Also, the problem arises
when a new user is coming who does not have or has a little experience with the system,
hence the user profile is submitted to bad and personalization is carried out inaccurate.

Collaborative Filtering

This approach, also called social filtering, is an alternative approach to content-based
filtering approach. It uses not only a single user profile, as well as other users with similar
interests [30]. Users with similar interests is called active user’s neighborhood. The
collaborative filtering approach is based on the ratings provided by the user who have
liked the item before [31]. The system tries to predict the useful items to individual
users based on the items that was priced by other users who have similar interests [33].

[30, 33] distinguish the advantages and disadvantages of the collaborative filtering
approach. The advantage is that the user gets the recommendation only items with the
highest rating. Following disadvantage is when new items added to the system, then
the estimates are not available from this items. Consequently, it can not be offered to
anyone. Another disadvantage is the same as in content-based filtering approach, user
must have a certain number of assessments items, before she/he starts getting successful
recommendations.
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Hybrid filtering

Hybrid filtering combines the advantages of content-based and collaborative filtering
[31]. Usually in this approach, the user profile consists of a topic profile and group pro-
file. A user’s group profile reflects what users’ interests similar to the user. The topic
profile shows the individual user’s interests. Different ways to combine collaborative and
content-based approaches into a hybrid recommendation system can be classified as fol-
lows [33]:

1. Implementing collaborative and content-based methods separately and combining
their prediction [34]. In this approach, we make two separate recommendations for
collaborative and content-based methods, and at some point, use a recommendation
that gives us a better result than the other [35].

2. Incorporating some content-based characteristics into a collaborative approach [9].
In the first stage of this approach, the recommendation is based on collaborative
approach. In the second stage content-based approach is applied to the received rec-
ommendations, based on topic profile. The result of two stages is presented to the
user [35].

3. Incorporating some collaborative characteristics into a content-based approach. This
approach is an alternative to the previous approach. At the beginning of the recom-
mendations made by using content-based approach based on the topic profile. And
then the collaborative approach is applied to the results obtained on the basis of
group profile [33, 35].

4. Constructing a general unifying model that incorporates both content-based and col-
laborative characteristics. Various methods are used to combine approaches. [36]
proposed a tree-way aspect model. Model parameters are learned using expectation
maximization (EM) algorithm.

Metadata Based Approach

Hicks and Totcherman view metadata based personalization approach. This approach is
based on the concept of metadata as data about data or as a mechanism for describing
information resources. Metadata "serves as the mechanism for capturing and maintaining
personalizations that are made to information items" [37]. Thus, this approach gets the
personalization information locally, when a user interacts with the system, and personal-
izes the information and items. Metadata contained in a digital catalogue of the system
describes information resources. The system allows users to describe their objectives and
desired resources. Then, relevant resources are searched in the digital catalogue based
on information provided by the user.

The main difference between this approach and previous is to the effect that it does
not store user information in the system information repository. But digital catalogue
contains information about the stored items, which should be structured and well docu-
mented.

The choice of approach depends on the goals to be achieved as a result of person-
alization. It should also be based on what data about the user can be obtained. Before
choosing an approach, we must ask ourselves, for example the following questions: Do
we have the opportunity to receive feedback on the user viewed documents? Is there
enough information to be obtained through analysis of user behavior?
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3.3 Personalization in LMS

Ryann K. Ellis [17] considers personalization as one of the essential and important
functions of the LMS. This is based on the fact that there is a lot of LOs and learning
resources in the LMS, and every day they become more and more. [9] describes this
situation as:

Nowadays learning resources become richer than before, including text, image, video, au-
dio and other format. Abundant learning resources can increase the user’s study efficiency
because they are vivid and easily understandable. However, the rapid growth of learning
resources also make people have to pay more time to look for right learning resources
suitable for them.

It shows that LMS should not only provide access, control and share of LOs, this must
be done in an efficient and personalized manner.

Personalization is of particular importance in the LMS. Alan Nelson [6] says:

To be a success, any programme must get the learner to engage. And we have learnt that
the key to this is personalization - making content and learning experience work for and
relevant to the individual learner.

[26, 6] identifies four key factors of an on-line learning personalization:

• Providing flexible learning outcomes. - It means that the study programme should be
clear and simple in the structure, be based on prior knowledge of learners and yet
allow them to navigate the system themselves.

• Meeting the needs of individual learning styles. - An effective on-line learning pro-
gram should provide a mix of learning information, LOs and learning activities that
learner can choose to go through in their own sequence and at their own pace. Per-
sonalization should take into account how the learner perceives the information and
manages it.

• Keeping the learner engaged. - In this case, the main point is relevance. It does not
matter how good the information is presented, structured and balanced, if they do
not contain examples that pointedly fit the student, it will be a significant barrier to
achieving educational goals.

• Enabling the learner to use their time well. - It means that the provision of educational
content should provide the most flexible form, as it is allowed.

Providing educational information and educational resources in a personalized man-
ner must take into account more keys factors as possible. Main objective of personalized
LMS is to make the system that considers the queries, requirements and characteristics
of each individual user, to help him find the necessary information and to improve the
web experience.

3.3.1 Approaches of Personalization in LMS

As we discussed above, the interactivity and personalization are the most important
features of LMS. Personalization is a goal for the development of interactivity. Thus to
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achieve a personalized learning through interactivity with the student is a primary goal
of personalization strategy in the LMS. Analyzing the learning process, [8] identifies the
following personalization approaches, which may be included in the LMS: personalized
user interface, personalized learning resource, personalized learning activities, personal-
ized guidance, personalized communication.

Personalized User Interface

The different interfaces are provided to different users. It is a personalization of a work
space, students are allowed to customize their own Learning Enviroments. Also, the user
can select the device on which system is used (eg PC, laptop, PDA, Cell phone) [12].

[38] distinguish two types of user interface: static, which contains objects with fix
position and size, and dynamic, which consist of objects with relation to another object
and involves changing in process of training. Basis interface objects can be personalized,
which include windows, menus, buttons, sliders, forms etc, their visibility and their en-
abled/disabled status is based on the user’s actions [39]. Here, windows is a visual area
that is defined by graphic displays, and can be resized, moved, hidden, restored, and/or
closed [38]. The concept of form is used to indicate the shape and structure of pages;
content, its substance, meaning ideas, or expressive effects. Also examples of basis inter-
face objects can be images and text [40]. All interface objects can be personalized for
the individual user.

[41] distinguishes applications interfaces of LMS in which different user roles have a
different access right or authorizations. Different information and access to educational
materials available to various users including teachers and students. Figure 1 shows
personalized user interface model.

Figure 1: Personalized user interface model

The use of personalization of user interface is a useful tool in facilitating navigation
and increased speed of access, but can also affect the reduction of cost and time to find
useful information.

Personalized Learning Resource

Educational resources, such as multimedia courseware, practice homework and other,
are filtered to the student based on its current characteristics and background knowl-
edge. Individual learning content is available to students and individual learning is con-
structed based on existing knowledge. Also, students can subscribe to various resources
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that they find interesting [8]. Usually as a result of this type of personalization, stu-
dent has individual learning path. It means the learning content is proposed based on
current knowledges and abilities of the student. This approach is successfully applied in
distance learning. Approach to personalized learning resources are guided by existing
knowledge of the student and the objectives to be achieved as a result of the course.
Content of the course is chosen appropriate to individual learner. [42] provides with
personalization of learning resource based on the course material difficulty and learner
ability, because these variables reflect learner interests and learning results. Before start-
ing the course, usually students are tested, that always to determine their knowledge
background [15, 43]. During the course, learner ability is based on user feedback and
also through testing. This allows the user to define success in moving to a desired goal
and pick up course materials based on the desired complexity depending on learner abil-
ity. Course material difficulty reflects the depth of educational material in a particular
area.

Another aspect is time suitability that could be considered for personalization of learn-
ing resource [44]. In this case, the learning materials are offered depending on how
much time the student will spend on the lesson. In this case, the system offers the re-
sources whose learning time estimated by the teacher does not exceed the time that the
user would like to spend learning the lesson.

Applying personalized learning resource into LMS, the student receives lessons tai-
lored to each student. Using this technique into LMS can achieve personalized learning
and helps learners to study more effectively and efficiently.

Personalized Learning Activities
Learning activities are different and describe how user perceives information and prefers
some form of LO (visual, auditory, text, etc.) [45, 46]. The idea of this approach con-
sists in the personalization of learning content based on learning style of the user. [47]
describe learning styles as

characteristic cognitive, affective, and psychological behaviors that serve as relatively sta-
ble indicators of how learners perceive, interact with, and respond to the learning envi-
ronment.

There are not two identical students. They have different backgrounds, strengths and
weaknesses, interests, ambitions and sense of responsibility, levels of motivation and
learning approach [47]. Students have different learning styles, preferentially focusing
on different types of information and tending to operate on perceived information in
different ways [47, 45]. Application of different learning styles for different students
improves learning performance, increases the rate of perception of the educational ma-
terial, helps students become self-directed [26, 48].

There are a large number of models of determining learning styles. The most widely
used model is the Fleming’s VARK model [49], which identifies the following four learn-
ing styles: Visual learning, Auditory learning, Read/Write learning and Kinesthetic learn-
ing. These styles differ in the way of perception. Visual learner prefers to receive infor-
mation presented in charts, graphs, and other symbolic devices; as if the information
is presented in the form of abstracts, and lists; like to watch videos. Auditory learner
prefers to learn from spoken lessons and talking, notice sound effects in movies, and
likes to take part in group discussions, for better memorization of facts and lines uses
association. Read / Write learner prefers to receive educational information in the form
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of printed text, and it is peculiar to do a lot of records. Kinesthetic learner tends to learn
through direct practice, this may be conducting experiments, solving exercises, etc. Pop-
ularity VARK model is its face validity, its simplicity, it’s easy of use, and the wealth of
learning materials that have been designed to accompany it [49]. [49] also notices
that in life clearly defined style of information perception is uncommon, usually students
have a mixture learning styles.

Some educational theories consider personalized learning activities as an important
factor in the learning process and that their introduction into the learning process leads to
the facilitation of the learning process [50]. In addition, the knowledge of their learning
style will help students understand why they have difficulty to learn some study point,
and achieve success in these weaknesses.

Personalized Guidance

The system analyzes learners data: their interests, desires, and etc., and then give dif-
ferent personalized guidance and recommendations to every learner [8]. Many systems
use this type of personalization, such as [34, 9, 27, 51]. The problem of representation
personalized content is often described as providing recommends materials to user [52].

This approch of personalization is the recommendation of additional educational ma-
terials based on individual learner interests. [9] describes an ideal LMS the following
words:

"One perfect personalized LMS should recommend right learning resources for right learner
at right time and can adapt to users’ changed needs."

The system should make personalization of learning materials at the student requests
based on student interests. [53] define paper recommendation problem as follow:

"Given a representation of my interests, find me relevant papers."

To design an effective recommendation education system, it is important to under-
stand that the user desires. [52] identifies the following qualities for a good recommen-
dation system:

1. Provide personalized view - A good recommender system should be based on the user’s
interests and their background.

2. Provide customize search - To help users find information, search should be based on
choice.

3. Recommend materials at the appropriate time or location - Recommendation of materi-
als must be based on other documents viewed by the user, time of recommendation,
etc.

4. Support non-disruptive view experience - That means that the user should be able to
choose relevant information among the suggested materials.

The system with includied personalized guidance makes personalized recommenda-
tion of study materials. Study materials can be presented by web page, magazine articles,
conference papers, workshop papers, technical reports, video demonstration, video lec-
ture etc [51, 52].

Recommendations which are based only on the user’s interesting topic, can be insuffi-
cient to meet learner desires. [54, 51] consider technical level as important features for
recommendation of personalized materials. The technical level of papers is a difficulty
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degree of learning object. The technical level is introduced due to the fact that differ-
ent students have different knowledge background; also students differ in their speed
of perception and understanding of the educational materials. A good example of using
different levels of technical paper is presented by [51]:

"Some instructors will recommend learners to read an interesting magazine paper, such as
a related article in Communications of ACM, before a technical paper, because they believe
it will help learners understand the technical paper and make them less intimidated".

[55] determines three difficulty levels of LO:

• Basic level – Information presented is based on fundamental principals or concepts.
It is introduction material. It is level for novice learners.

• Intermediate level – Information presented is based on more difficulty concepts and
understanding this information require more advanced knowledge and skills in inter-
esting topic. It is level for medium learners.

• Advanced level – Information presented devotes to highly advanced concepts and
new techniques of learner interesting topic. This difficulty level of the materials is
required a well-rounded knowledge, an ability, and an experience in using of learner
interesting topic. It is level for advanced learner.

Including personalized guidance into LMS facilitate the search of relevant learning
materials, and make learning more comfortable, giving the user the materials meet his
personal needs.

Personalized Communication

The group of collaborative learning is an important form of learning. Communication be-
tween team members is important for knowledge sharing. Personalized communication
approach offers persons: teachers or other students that have similar interests and are
knowledgeable in certain areas [56].

The use of personalized communication into the LMS is based on the fact that com-
munication plays an important role in the learning process [57]. The process of knowing
consists of sharing, thinking and learning components. People believe that through a pro-
cess of communication and sharing knowledge, they quickly reached an understanding
of the studied materials [58]. Human communication between students and between
student and teacher is an essential element of learning; no matter in what form this is
done, written or oral [57]. Internet expands ways to the communication. Using Internet,
communication process can be carried out through e-mail, chat rooms, group discussions,
conferencing and Internet-based audio / video application [59]. Advantage of the Inter-
net, as a way to communicate, is the fact that we may at any time to ask questions and
to get an answer. The positive side of using the Internet is also based on the social as-
pect: sometimes to ask a question on the Internet is easier than in living. Then there is
a problem: "Who can give an answer?" Personalized communication into LMS is focused
on the solved of this problem.

The purpose of this approach of personalization is to provide persons for study com-
munication and knowledge sharing to the student and quick to find an consulter in the
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interest issue.

3.3.2 Overall Architecture of LMS with Personalization

LMS enables its users a wide range of services. [60] examines in detail the architecture
of the LMS. The main feature of the architecture of LMS is that each system component
performs its own function. Each component is a separate module in the system architec-
ture. Thus, personalization in the LMS is also represented by separate modules.

In general, the personalization process in the LMS can be formulated as following:
Step 1: Collect student personal information.
Step 2: Identify learner status based on personal information.
Step 3: Select recommended LOs from the repository for individual students based on

student interests.
Step 4: Display the recommended LOs to learner.
There are many papers, that consider the architecture of personalization module in

LMS [42, 52, 51]. They identify three main components of the module personalization
in LMS: Interface; Repository; Recommender. For clarity, the system architecture is based
on three components: Interface; Repository; Recommender is shown in Figure 2.

Figure 2: Architecture of personalization module with three components in LMS, where I – Repos-
itory; II – Interface; III – Recommender

First, Interface component manages communication with students and creates a user
profile. It identifies student status, transfers student queries and returns the recom-
mended LO to students. It can be used as human-machine interactive interface. Inter-
face component provides a friendly interface for interacting with students and also is
used as an information provider for Recommender component. The interface component
provides the functions of student interests identifier, transfers students information and
displaying the recommended LO to students [42].

Second, Repository component is a database that contains LOs, and their correspond-
ing descriptions. LO contained in repository is classified into predefined course units.
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Usually course units meet the course topics and are determined by the course instructor
manually [51]. Repository is a learning objects storage, which also indexes and struc-
tures of these LO. In that way, repositories not only provide efficient search and retrieval,
but also increase the reusability of LO and allow to personalize LOs [61]. There are
different kinds of repositories [62, 63]. One kind of repository is a representation LOs as
a collection of information about it like a library catalog, which can include a description
of the LOs. The catalog description is referred to as the "metadata". The metadata is a
label, that is marked the every LO [63] and an information that identifies and describes
the LOs [64]. The use of the metadata provides search LOs appropriate to specific learn-
ing contexts, levels and styles, and also search for non-text LO. All LOs are contained
in the learning object repository. Contained learning objects in the repository should be
described for a successful search. There are several related works that describe represen-
tation of digital LOs in repositories [31, 52, 54, 65, 51, 64]. Based on these articles, the
main metadata to describe the LO in the repository were selected as following:

• Title – The name is given to LO. It may be original name under which LO was pub-
lished.

• Authors – The creator of LO. It may be individual person or group, and also a company
or service.

• Link – A Internet address, location of LO on the Internet.

• LO Type – Format of the LO, which describes the nature and characteristics of learning
objects.

• Keywords - Category contents in term of keywords.

• Description – It can include article abstract, themes, etc.

• Technical level - Technical level of paper is a difficulty degree of learning object.

Other learning resources, such as information about person, also should be described
by metadata in repository. Persons are described by user profile. Details of the person
should be described based on the following metadata [42, 65, 66]:

• Name – The name of person, it can include given name and family name.

• Position –It is a kind of occupation (student, teacher).

• Contact information – It is a way of communication (for example e-mail).

• Knowledge about field - This option consists of two components: topic of interests
and level of qualification on this topic.

Such an item, as a level of qualification is included in information about persons [65,
66] . This is done to improve the recommendations and outputs. Only a person that
does for communication in a certain field, can help. Those persons will be offered to the
students who have the same knowledge level or above.

Third, Recommender component aims to analyze student interests, ability and other
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student information and select appropriate LOs for students based on considered student
interests. Recommender component receives data from the Interface component about
the students interests and analyzes them. It compares this information with data stored in
the Repository component. Therefore, Recommender component is a mediator between
Interface component and Repository component [42].

3.4 Summary

This chapter provides an overview of existing work in the field of personalization in
LMS. The items are considered such as: concept of personalization, namely the user pro-
file and web personalization approaches, approaches of personalization in LMS and its
implementation and realization. Web personalization approaches were considered, such
as content-based filtering, collaborative filtering, hybrid filtering and metadata based.
Approaches of personalization in the LMS have been presented and described such as
the personalized user interface, personalized learning resource, personalized learning
activities, personalized guidance, personalized communication. Therefore, we also con-
sider how different personalization approaches can be applied in the LMS. This chapter
also addresses what features are used for recommending personalized learning objects
and what technologies are applied for implementation of personalization in LMS.
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4 Survey Setup

This master thesis aims to study the including process of personalization in the LMS,
namely, what approaches of personalization can be useful for students, what functions
should be a basis for implementation personalization and in what cases it may be appli-
cable. To achieve the objectives we should to conduct interviews with students, which
will help us answer the questions. But students may not have enough skills about the
concept of personalization and its characteristics. For these purposes, the most appropri-
ate solution would be to develop a prototype that shows the use of personalization in
LMS. The prototype should demonstrate the basic objectives, opportunities and features
of personalization of learning objects. Using the prototype, students can understand the
basic principles and characteristics of personalization, and also give their opinion about
this and formulate more precisely their desired outcomes.

4.1 Choice of Personalization Approaches in LMS

In section 3.3 of Related work chapter, we consider approaches of personalization that
can be included in the LMS: personalized user interface, personalized learning resource,
personalized learning activities, personalized guidance, personalized communication.
Requirements for their implementation will be reviewed.

Personalized user interface involves setting the workspace for individual students, for
example convenient location of windows, color, support of different devices. This type of
personalization is well studied and used in varying degrees in almost every LMS.

Personalized learning resource is a change and a construction of learning courses con-
tent based on the user’s interests and existing knowledge. The result of this approach is a
individual learning path for each student. This approach is mainly used in distance learn-
ing, where students of the course independent of each other. This kind of personalization
requires changes in the educational process.

Personalized learning activities includes recommendations for learner of learning re-
sources in a form that the learner prefers better (for example - audio, video, text). To
implement the inclusion of this approach of personalization in the LMS, it is necessary
that the study material was presented in various forms, that can be and appropriate for
student learning styles.

Personalized guidance includes the recommendation of additional learning resources
based on topics of learner interests. This kind of personalization requires a study material
with which the student will be able to get the required amount of information.

Personalized communication requires the recommendation of other students and teach-
ers who can help learners with interesting questions. To use this approach of information
is necessary to have people with knowledge in required subjects.

While working on a master thesis, there are some limitations such as time, resource,
etc. For example, for the implementation of personalized user interface, it is necessary to
use several devices; for personalized learning resource a change should be in the educa-
tional process. And so realization of comparing all approaches of personalization is not
possible. Due to limitations of the master thesis, following types of personalization were
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selected for study: personalized learning activities, personalized guidance, personalized
communication.

4.2 Data Set

We have identified in Chapter 2 - Choice of Methods that we should to create a proto-
type. Before to start creating of the prototype, we should to determine on what basis
we will design it. In order for students to leave his true feedback, they should have a
good understanding of the study area. Therefore, implementation of the prototype will
be focused on one particular course and as respondents we will use a group of students
that study this course.

We will use the Artificial Intelligence Course [67] to create the prototype. This course
is taught at Gjøvik University College [68] (GUC) for the second-year bachelor students.
This course is presented on the basis of LMS Fronter. The choice of this course is associ-
ated with the following: first, the learning process of the course includes both theoretical
studying and application of this theory, and therefore, several types of LOs and teach-
ing methods are used; second, students studying this course, already have experience of
working with LMS and can identify the pros and cons of it.

4.3 Persionalization in LMS Fronter

Artificial Intelligence Course, which we consider as a basis for our prototype, is studied
in the GUC. GUC uses LMS Fronter to manage learning courses. LMS Fronter provides
ample opportunities for the management of educational content, access to study courses,
etc.

LMS Fronter provides individual users with opportunity of personalized interface.
Upon request, students can set up access to courses, e-mail, calendar, news, etc. in con-
venient form for them. Examples of individual learning environment in the LMS Fronter
is shown in Figure 3.

Figure 3: Example of individual learning environment

Also, the language of learning environment can be selected among English and Nor-
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wegian on request. Appearance of the learning environment can also be changed by the
user. Student can install for themselves the necessary HTML styles, change the back-
ground, color, font and size of text.

Each course in the LMS Fronter is presented by the individual area that called “Room”.
Students do not have opportunities for personalization inside Rooms. All content of
courses is the same for all students.

Thus, LMS Fronter provides students with only the possibility of personalized user
interface of the learning environment, namely to set up easy and convenient access to
the study courses and tools (e-mail, calendar, news and etc.), and also to change its
appearance, but any possibility of educational content personalization is not available.

4.4 Contextual Features

We consider how three approaches of personalization can be included in the LMS like
Fronter and on what features it might be based. As already stated above, Artificial Intel-
ligence Course has a room in the LMS Fronter. Screenshot of the Artificial Intelligence
Course room is presented in Figure 4. The Room provides a student syllabus course, ac-
cess to lecture materials and additional resources, course participants, student portfolio
- statistics of visiting the rooms and management course materials (read LO, uploaded
projects and solved exercises). All information provided on this page is the same for all
students, with the expection of student individual statistic information.

Figure 4: Screenshot of the Artificial Intelligence Course Room

4.4.1 Personalized Guidance Approach

Personalized Guidance Approach denotes a personalized recommendation of additional
training materials on the user’s request. Next we will consider as additional educational
material are presented in the Artificial Intelligence Course Room. This course is presented
by such kinds of teaching materials such as technical reports, textbooks, journal papers,
technical articles, tutorials, demonstration video, etc. In Figure 5 of the syllabus of the
course is presented. It displays the time and topic lectures, lecture slides, and where
we can find more information about the topic. Additional educational materials are pre-
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sented in column "Notes" of course syllabus and marked the red line in the Figure 5. Also
additional educational materials are presented in the list on the page after the Artificial
Intelligence Course Syllabus, as shown in Figure 6, and in the folder Resources, as it is
shown in Figure 7. As can be seen from figures 5, 6, 7, that the LO does not contain
any description excepting the name, which does not reflect the essence of LO in some
cases.

Figure 5: Example of syllabus part of Artificial Intelligence Course

Considering the educational materials provided as part of the course, we noticed that
a number of documents was submitted for a basic level knowledge, some of the LOs may
require additional skills, and part of the LOs were for optional informational purposes.
Level of complexity of information is nowhere represented, and the student can spend
more time if, for example, he/she starts to read a complex LO instead simple on the first
education step.

Thus, we concluded that the Artificial Intelligence Course is represented by different
LOs. These learning objects have different levels of complexity, have different objectives,
and provides a in variety of formats. But students may have some difficulties in finding
the desired information, and also spend more time for studying. Thus, the introduction
of personalization based on the subject topic and the level of complexity of information
in this topic may help to facilitate the search of desired information and assist to study.

4.4.2 Personalized Learning Activities Approach

Personalized Learning Ativities Approach denotes a provision of learning materials to
students based on the their preferred learning styles, i.e. on the basis of the form in which
the student perceive an information better. Different learning styles are considered in the
personalization of Learning Activities. We will examine how this type of personalization
can be used in the LMS. VARK model presents four learning styles: Visual learning styles,
Auditory learning styles, Read / Write learning styles, Kinesthetic learning styles.
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Figure 6: Additional reading of Artificial Intelligence Course

Figure 7: Resources of Artificial Intelligence Course
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Learning style Visual Auditory Read/Write Kinesthetic
Learning Style Learning Style Learning Style Learning Style

LO types Video Video Slides Slides
Slides Audio Textbook Applet
Images Article Excercises

Paper Examples
Tutorial Program

Table 1: Types of LOs for each learning styles

Based on the distinctive features of each learning style, that was described in Chapter
3.3.1 of Related work, we can conclude what types of learning objects relate to each
learning style. Types of LOs for each learning style are presented in table 1. The fol-
lowing LOs correspond to visual learning: video files in form of training videos, where
speech is combined with displaying of subject matter; slides contain the key theses of
the subject, often supplemented with diagrams, charts, examples; images representing
the diagrams and figures,that can help to understand better and remember the studied
subject. For Auditory learning, the useful types of LOs are training videos, audio files,
in form of audio lessons, and audio books. For Read / Write style, LO types are tex-
tual sources of information, such as various kinds of articles, textbooks, tutorials etc. For
Kinesthetic learning, the following types of learning objects are useful: slides, that repre-
sent a small amount of theory, and supplemented with examples of the use of theoretical
knowledge and exercises; exercise, that allows to apply theoretical knowledge, example
and packaged applications, that demonstrate the application of the theory.

As we can see from the table 1, for different learning styles some types of learning
objects are the same. For example, for visual and kinesthetic learning styles it can be
slides, or common type for visual and for auditory learning styles may be video files.

Consider how different learning styles can be applied to Artificial Intelligence Course,
based on Fleming’s VARK model, which identifies the following four learning styles: Vi-
sual learning, Auditory learning, Read / Write learning and Kinesthetic learning. In table
1, we determined what learning styles match what types of LOs. Here we will consider
what types of LOs are used in the Artificial Intelligence Course. As already mentioned,
this course includes both theory and practical application. Types of LOs of this course are
the lecture notes, textbook, tutorials, articles and papers, assignments, different applets
and source code examples. Lecture notes are presented in the form of slides and con-
tain the basic theoretical concepts in the form of theses, examples and exercises for the
studied materials. Examples of lecture notes of Artificial Intelligence Course are shown
in Figure 8. Each lecture refers to a textbook, a syllabus of the course indicates chapters
for each lecture. Example of Syllabus Part for Artificial Intelligence Course, where refer-
ences to chapters of the textbook are marked in red, is shown in Figure 9. In addition,
LOs are provided, such as video demos, applets that demonstrate the using of differ-
ent algorithms, etc., for some of the topics of the Artificial Intelligence Course. Artificial
Intelligence Course is not represented by audio records.

Thus, we can summarize that this course is represented by wide range of types of
LOs. Links to the used LO are presented in the course syllabus. But to find the desired
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Figure 8: Example of lecture notes of Artificial Intelligence Course, where a) the use of theses; b)
application of the theory, c) an example of solving exercises; d) the use of figures

Figure 9: Example of syllabus part for Artificial Intelligence Course
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LOs, students may have difficulty because LOs are not described. Students are unable
to determine what the LO contains without its opening. The name of the LO not always
reflects its content accurately. Personalization of LOs on the basis of learning styles will
help to facilitate the search of the necessary learning materials, and contribute to faster
and more comfortable learning. For Artificial Intelligence Course, the usage of the follow-
ing three learning styles of VARK model would be the most convenient: Visual learning,
Read/Write learning and Kinesthetic learning. This choice is based on the fact that audi-
tory learning styles are not widely represented within the framework of the course.

4.4.3 Personalized Communications Approach

Personalized Communication Approach denotes a recommendation of persons able to
assist the learner in his learning tasks. We will consider based on the example of Artifi-
cial Intelligence Course, what opportunities for communication the LMS "Fronter" offers.
Figure 10 shows an example of room for Artificial Intelligence Course, ways to commu-
nicate is marked by red. Fronter offers three ways of communication within the room:

1) Members - This tab displays a list of all course participants and instructors respon-
sible to the course. We can see a list of registered people on the course, know their status
(student / teacher / staff). Sample list of course participants is shown in Figure 11. We
can also see a personal information about students of the course. An example of personal
information about a student is shown in Figure 12. Personal information includes only
the student’s photo and contact information, and does not contain any information about
the interests, preferences, etc.

2) Questions and Answers - This tab provides an opportunity to ask the teacher or for
public discussion.

3) Chat - This tab provides opportunities to communicate in real time.

Figure 10: Example of communication tools in Artificial Intelligence Course Room. 1) Members; 2)
Questions and Answers; 3) Chat

From the presented above, we can conclude that the "Fronter" system provides wide
opportunities for communication and knowledge sharing between students and between
teachers and students. But due to lack of information about the interests and preferences
of students, we cannot understand who could help us with our problem and whom di-
rectly to ask a question. In this problem, a system can help by recommendations to users
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Figure 11: List of course participants

Figure 12: User information
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depending on their needs, teachers and students with similar interests.

4.5 Summary

The main purpose of this chapter define the boundaries of the experiment. We have
identified personalization approaches on which we base our experiment: personalized
learning activities, personalized guidance, personalized communication. Artificial Intelli-
gence Course have been chosen for the experiment, which is taught in a Gjøvik University
College. LMS Fronter is used to control LOs and the educational process of the course.
We have reviewed the course contents relative to selected approaches of personalization.
Personalized Guidance Approach can be applied in this course based on the study top-
ics and different levels of its complexity. Personalized Learning Activities Approach can
be established within the Artificial Intelligence Course based on follow learning styles:
Visual learning, Read / Write learning and Kinesthetic learning. Application of Personal-
ized Communications Approach in Artificial Intelligence Course may be based on a study
topic and the required level of knowledge in the topic.
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5 Survey Prototype

5.1 Justification of Prototype Development

During the work on the study the prototype have been developed. There are several
reasons for the development of the prototype. First, as we mentioned earlier survey par-
ticipants may not know much about functionality of new product, but based on the proto-
type it will be more convenient to leave their feedback. In addition, the prototype allows
us to analyze ideas and explore design and different approaches. Thus, prototyping is an
important part of the study.

5.2 Planning and Preparations

There are many ways to present prototypes from a paper version to a fully working devel-
opment. In our case, it is important that participants of survey would be able to interact
with the prototype. Key points of the prototype will be functionality and behaviour. We
will not focus on the design of a prototype.

The goal of the prototype is to demonstrate a new features in the LMS and understand
the reaction of the students to them. Students use the LMS in their usual educational pro-
cess. Our task is to show what the educational process might be with the introduction
of personalization, and find what personalization features in the LMS can be most use-
ful for the student. Thus, our prototype must correspond to the page of the Artificial
Intelligence Course in LMS Fronter, with the addition of personalization features. In this
project, we consider three approaches of personalization in education that can help us to
identify the most important and useful personalization features in the LMS: personalized
learning activities, personalized guidance, personalized communication.

Technology was reviewed, which was used to build a prototype. As already men-
tioned, the main task of the prototype is to provide personalization features, the study
of interface and usability is beyond the scope of this master thesis. Therefore, we use
the markup language for web pages HTML to implement the user interface. It allows
us to create simple user interfaces and does not take much time for its implementation.
XML [69] format is used for storing repository of LOs. In this case, the repository is a XML
file that follows some standard schema and is associated with related metadata. XML is
applied for convenient presentation of LOs descriptions by metadata, that are used for
personalization. PHP [70] scripting language is applied to provide personalization fea-
tures.

As it has already noted that the study of the interface is beyond the scope of the
project. But the user design is important when the experiment is conducted. User inter-
face design of the system should be simple as it may be possible, be intuitive and provide
additional descriptions of the new study functions. Thus, the user design of the prototype
should be minimalist, but at the same time should not be boring.
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5.3 Development

We have considered the possible architecture for personalizing module in the LMS in
3.2.2 Chapter of Related work. In this chapter, construction of a single prototype for
each approach of personalization (personalized learning activities, personalized guid-
ance, personalized communication) was described based on the previously considered
architecture. Let us remember that the personalizing module consists of three main com-
ponents: Interface, Repository and Recommender.

5.3.1 Repository

Repository is a storage of LOs, that also indexes and structures of these LO. In this project,
the repository is a directory of links and descriptions of the LOs. There are separate
repositories for different personalization approaches. Differences among repositories is
that different Learning Object Metadata are used. Learning Object Metadata is the data
model, which is used to describe the LO. Meta-data that is used for personalization pro-
cess, are interesting topic and technical level for personalized guidance and personalized
communication approaches; interesting topic and preferred learning styles for personal-
ized learning activities approach.

As already mentioned, XML format is used for presentation of the repository in a
structured form. Structure of the repository is based on the topics and sub-topics that are
considered within the Artificial Intelligence Course. Each LO refers to one or more topics,
and is described by metadata.

Realistic learning environment was reconstructed for the study. Repositories was cre-
ated for prototypes, based on information and study materials provided in the Artificial
Intelligence Course, and also articles from free encyclopedia Wikipedia [71] and from
site videolectures.net that distributes videos and lectures. Repository is considered for
each type of personalization separately.

Repository for Personalized Guidance Approach

System with personalized guidance provides the recommendation of additional educa-
tional materials based on individual learner interests. Characteristics of this approach is
to use of the content LOs for the recommendations. Metadata, which are used to describe
a LOs for system with personalized guidance, and examples of LO descriptions are pre-
sented in table 2. Basically, standard metadata is used that describes in the table 2 and
in the Related work Chapter 3.3.2. But for a some metadata is necessary to define an
ontology, such as the Technical Level and Type.

In Related work chapter, the concept and importance of Technical Level was de-
scribed. There are the three difficulty levels of LO: Basic level, Intermediate level and
Advanced level. LO Type is used to characterize the LO. In this type of personalization,
LOs are recommended from that learner can gain new knowledge and additional infor-
mation. Therefore, the following types of LO are used: textbook, journal paper, confer-
ence paper, workshop paper, tutorial, technical report, research article, wiki.

Distribution of LOs among technical levels was based on the definition of each level.
To the basic level, LOs refer that provide information about the basic principles and con-
cepts. For example, it can be such LOs as wiki articles, tutorials or textbooks, that have a
basic level of complexity. To the intermediate level, LOs relate that contain information
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METADATA NAME EXPLANATION EXAMPLE
Title The name is given to LO.

It’s may be original name
under which LO was pub-
lished.

Toward User - Centeric Privact -
Aware User Profile Ontology for
Future Services

Author The creator of LO. It’s may
be individual person or
group, and also a com-
pany or service.

Iqbal, Zahid; Noll, Josef; Alam,
Sarfraz; Chowdhury, Moham-
mad M. R.

Description Description of LO content This paper proposes a user-
centric personalization ap-
proach. The core of this ap-
proach is a user-centric user
profile where user is in the
centre and experience perceived
control over his information.
We present profile and privacy
enhancement mechanism to
increase profile applicability and
user privacy respectively. The
paper also offers a policy based
approach to ensure authorized
access of user profiles among
third parties.

Keywords Category content in term
of keywords

Personalization, Policy, Privacy,
Semantic Web, Social Network,
User Profile

URL The URL of LO content http://ieeexplore.ieee.org/stamp
/stamp.jsp?tp=arnumber=
5532755

Technical Level Technical level of paper
is a difficulty degree of
learning object

Intermediate level

Type Publication LO type Conference paper
Date Date that LO was submit-

ted
13-19 June 2010

Table 2: Learning Object Metadata for personalized guidance approach
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about more complex concepts than in basic level and requires knowledge and skills for
understanding it. For example, the intermediate level includes such LOs as research ar-
ticles, conference paper, video lecture and etc. To advanced level, LOs are attributed the
level of which is beyond the scope of the course. They are aimed to a deeper acquain-
tance with the study area. For example, it can be a workshop paper, a conference paper
and etc. Separation of learning objects on different technical levels may seem a subjec-
tive process. Therefore, separation of learning objects on the different technical levels
was coordinated with teacher of Artificial Intelligence Course for eliminations mistakes.

Repository for Personalized Guidance Approach consists of 64 learning objects. XML
file of the repository is presented in Part A.1.2 of Appendix. DTD schema of the XML
file is decribed its structure and presented in Part A.1.1. 38 LOs are used for the Basic
technical level, 17 LOs are for Intermediate technical level and 9 LOs are for Advanced
technical level.

Repository for Personalized Learning Activities Approach

System with personalized learning activities provides LOs that correspond to the users’
interests and is presented in a users’ preferred format of information perception. A main
characteristic for this recommendations is to present the LO respectively preferred stu-
dent’s learning styles of information perception. Metadata, which are used to describe
a LO for system with personalized learning activities, and examples of LO descriptions
are presented in the Table 3. Basically, the standard metadata is used that describes in
the table and in the Related work Chapter 3.3.2. But for some metadata, it is necessary
to define an ontology, such as Type. Type describes the information that is presented
in the LO. The following classification is used to indicate the LO type: Video, Lecture
notes, Image, Text, Exercise, Example, Applet; where a Video type is a video lecture, a
demonstration video, a study films; Lecture notes - slides of presentation from the lec-
ture, that can include different types of information such as a text, am example of source
code, images; Image type includes a graph, a chart, a map, etc.; Text type - resource that
consists of words to read: e.g. textbook, articles, papers, tutorials, etc.; Exercise – a task
conducive to learning and practical application of theoretical knowledge; Example – an
example of source code; Applet - a program or an application demonstrating the practical
application of theory in practice. The Table 1 in Chapter 4.4.2 shows what type of LO
correspond to the learning styles.

Repository for Personalized Learning Activities Approach consists of 90 learning ob-
jects, where 27 Text LOs, 10 Video LOs, 20 Lecture notes, 14 Applets, 13 Examples of
Source Code and 6 Assignments are used. XML file of the repository is presented in Part
A.2.2 of Appendix. DTD schema of the XML file is decribed its structure and presented in
Part A.2.1.

Repository for Personalized Communication Approach

System with personalized communication provides persons with similar interests on-
demand. Learning resource is information about persons in such system. The main char-
acteristics for this personalization approach are providing profiles of people who are
studying or teaching related areas and have a required level of knowledge in this area.
Metadata are used to describe people and presenting the user profile. As in previous
cases, each person belongs to one or more category or unit of the course. In each cate-
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METADATA NAME EXPLANATION EXAMPLE
Title The name is given to LO.

It’s may be original name
under which LO was pub-
lished.

Learning from Observation

Author The creator of LO. It’s may
be individual person or
group, and also a com-
pany or service.

Associate Professor Sule Yildirim

Description Description of LO content This is lecture notes form Ar-
tificial Intelligence Course. Lec-
ture note is about “Learning”
topic. It cover the following
subtopics: Learning agents; In-
ductive learning; Decision tree
learning.

Keywords Category content in term
of keywords

Learning agents; Inductive
learning; Decision tree learning

URL The URL of LO content https://fronter.com/hig/
links/link.phtml?desc
=1iid=759103

Type Publication of LO type Lecture note
Date Date that LO was submit-

ted
Spring semester 2011

Table 3: Learning Object Metadata for personalized learning activities approach

gory, a person can have a certain level of knowledge, which is designated as a Qualifica-
tion level. Three levels of classification skills is identified: Elementary level, Intermediate
level and Advanced level. Metadata, which are used to describe a LO for system with
personalized communication, and examples of LO descriptions are presented in Table 4.

METADATA NAME EXPLANATION EXAMPLE
Name The name of person, it can

include given name and
family name

Vera Nekrasova

Position Kind of occupation, e.g.
student/teacher

Master Student

Contact information It’s ways of communica-
tion, e.g. Telephone num-
ber, e-mail etc.

vera.nekrasova@gmail.com

Qualification Level Qualification level on the
interesting topic

Intermediate

Table 4: Learning Object Metadata for personalized communication approach

Repository for personalized communication approach is presented in Part A.3.2 of
Appendix. DTD schema of the XML file is decribe its structure and presented in Part
A.3.1. Information representation about the person in the repository has to be agreed
with the person. The privacy of every person must not be infringed . At the same time
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collection information from students about their knowledge is not logical and subjective.
To avoid these problems, information about teachers and teacher assistants that teach the
Artificial Intelligence Course and related areas with it, is used to create the repository for
personalized communication approach. Information for describing the people has been
agreed with these persons.

Search Index File

LOs are stored in repository. The more LOs are contained in the repository, the more it is
useful, but more difficulties exist to navigate and search. Search Index Files are created
for more quick and handy LOs search. Search Index Files store indexing information
about LOs. It provides a quick search of necessary items in the repository. Search Index
File is presented by MySQL [72]. The created repository in XML format is indexed by
scripting language PHP. PHP function for creating Search Index File in MySQL from XML
file is presented in Part B.1 of Appendix. Indexing process is schematically shown in
Figure 13. It is unnecessary to keep all information about LO in MySQL format. It would
be redundant and useless. Only the information about the LO is be indexed, that is useful
for the search.

Figure 13: Process of repositories indexing; where I – Repository for Personalized guidance ap-
proach, II – Repository for Personalised learning activities approach, III – Repository for Personal-
ized communication approach

The above-described repository is based on toics and sub-topics of Artificial Intelli-
gence course. The identifiers of the toics or sub-topics that the LOs belong, and identifiers
of the LOs are used for indexing. Also, additional information is included that is neces-
sary for personalization. So for personalized guidance and personalized communication
approaches this is a technical level or qualification level respectively, and for personal-
ized learning activities approach, this is a publication type of the LOs. There are a search
index files for each personalization approach. Search index files will be used for finding
the required LO for the recommendations.

5.3.2 Interface

The interface provides a user interaction with the system. The main objective of interface
prototype is to provide the new features as simple and understandable as possible to users
and that they are able to examine and evaluate innovations. In this case, the prototype
interface should be similar to the interface with which users work every day.
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As already mentioned that the study of the interface is beyond the scope of this master
thesis. But at the same time, the interface is a important part in introducing of new
studied functionalities. The standard tools of HTML is used to implement a simple user
interface.

An interface of the prototype for Artificial Intelligence Course is based on the syl-
labus of this course. An example of prototype interface for Artificial Intelligence Course
is shown in Figure 14. As we can see the prototype interface is presented in the form of
the Artificial Intelligence Course Sullabus. Here the syllabus of the course is presented
on the basis of the lecture date and the topics of this lecture. For each topic recommen-
dations can be obtained. Comments are added to the new functions, which give them
descriptions, to eliminate the users’ misunderstanding during interaction with the sys-
tem prototype.

Figure 14: Interface of prototype

The Interface module creates user profiles of students. User profiles are constructed
explicitly. Students manually define their interests, when they need with system recom-
mendations. Besides students interests, supplementary parameters are set for each type
of personalization. Interfaces of the prototypes are different for each studied personal-
ization approach. Namely for personalized guidance and personalized communication
approach, the supplementary parameter is a technical level or qualification level, respec-
tively; for personalized learning styles approach, it is a preferred learning style. Data
received from the user is sent to the Recommender module. And so, the user must click
on the link "Click here to get recommendation" on against the desired topic. And depend-
ing on the personalization approach, he/she goes to the next window in which additional
parameter for personalization is set up. A window to specify additional options for per-
sonalized guidance approach is shown in Figure 15. Here user can choose a technical
level of the recommended materials for required topic. To eliminate the problems in
choosing a required technical level, describing of levels are shown. After selecting the
technical level, the user has to click "Get recommendation". A window to specify addi-
tional options for personalized learning activities approach is shown in Figure 16. This
figure demonstrates a form for selecting of the preferred learning style that the best fits to
the student. The student may choose multiple styles, this is due to the fact that one-way
style exists rarely in nature, and most often there is mix of styles. The user has to click
"Get recommendation" after selecting styles. To eliminate the students’ misunderstanding

35



Comparing Personalization Approaches for Inclusion in Learning Management System

in the learning styles, definitions are provided to users in the comments. A window to
specify additional options for personalized communication approach is shown in Figure
17. Indication of the additional parameters for this personalization approach is very sim-
ilar to the personalized guidance type. So based on the user interaction with the forms,
user profile is created and sent to the Recommender component.

Figure 15: The window to specify additional options for personalized guidance approach

By-turn, Recommender component sends made recommendations to the Interface
component. Interface component displays these recommendations to the student. Each
received item from Recommender component has a brief description. Figure 18 shows
an example of system response for personalized guidance approach. As we see from
the figure, the system provides a items list, which corresponds to the student’s desires,
namely to the selected study topic and technical level. The each item is described by
the title, the author, the description and the publication type. A student can go to the
contents of the LO by the header of each items. If a recommendations are not satisfy
to the students, they can return to the selection of the recommendations parameters.
Figure 19 shows the recommendation system for personalized communication type. For
user convenience, the system separates the recommended LO on the different learning
styles and presents for each selected style an own list of the LOs. As in the previous type
of personalization, all submitted items are described and the user can go to the content
of the LO by the link. An example of recommendations for personalized communication
approach is shown in Figure 20. The system recommends person who satisfy the students
requirements. Recommended person is described by the name, the position and the e-
mail.
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Figure 16: The window to specify additional options for personalized learning activities approach

Figure 17: The window to specify additional options for personalized communication approach
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Figure 18: Example of the system response for personalized guidance approach

Figure 19: Example of the system response for personalized learning activities approach
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Figure 20: Example of the system response for personalized communication approach

5.3.3 Recommender

Metadata based personalization approach is used in the prototype, which have been de-
scribed in Chapter 3.2.2 of Realated work. The Recommender component receives data
from the Interface component about the students interests and analyses them. It com-
pares this information with data stored in the Repository component and founds the nec-
essary LOs that correspond to the characteristics of users. Therefore, the Recommender
component is a mediator between the Interface component and the Repository compo-
nent.

Student data for personalization are different for each personalization approach. Also,
each personalization approach has its own separately-formed repository and search index
file. For instance, in personalized guidance or personalized communication approaches,
system receives students interests and technical level of those interests or qualification
level in the required area from the Interface component. Then indexes LOs are deter-
mined based on these data by SQL query. And information about the required file is
found in an appropriate repository of the particular personalization approach. The found
information about LO is transmitted to the Interface component for output. Figure 21
shows the block diagram for the recommender component of personalized guidance or
personalized communication approaches, where the level represents technical or qualifi-
cation level. PHP code of recommender component for personalized guidance approach
is presented in Part B.2.1 of Appendix. PHP code of recommender component for per-
sonalized communication approach is presented in Part B.2.3 of Appendix.

In personalized learning activities approach, system receives students interests and
preferred learning styles from the Interface component. The system determines the types
of publications LO based on the chosen styles of learning. For example, the student has
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Figure 21: Block diagram for the recommender component of personalized guidance or personal-
ized communication approaches

chosen visual learning style, then the system selects the next LO publication types: a lec-
ture note, a video lecture, etc. Then, a list of LOs indexes is determined on the basis of
user interest and required publication types of LOs by MySQL query. Then, the system
finds the information in the repository about the selected LOs on the basis of previously
defined indexes. Information about the LO is transferred to the Interface component.
Figure 22 shows the block diagram for the recommender component of the personal-
ized learning activities approach. PHP code of recommender component for personalized
learning activities approach is presented in Part B.2.2 of Appendix.
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Figure 22: Block diagram for the recommender component of personalized learning activities ap-
proach
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6 Results

6.1 Survey Preparations

The main part of this master thesis is based on a individual interview with students. It
is important to get a clear view of students on the inclusion of personalization in the
learning process, to learn what problems they experience in their learning process work-
ing with educational materials in the LMS and to determine what should be a basis for
personalization in the LMS. For these purposes, a number of interview questions was
developed based on which we are able to identify points of interest to us. Questions is
directed to the study of how students react to personalization, whether personalization
is included in the LMS, and based on what functions and approaches it should be imple-
mented. At the same time, we need to understand what problems students are experienc-
ing during the learning process working with LMS and whether the personalization can
solve part of the problem and make the learning process easier and more comfortable.
Interview guide, namely asked types of questions, are presented in B Appendix.

As described earlier, a prototype have been developed for the convenience of the study
which helps us to demonstrate the basic functions of personalization and helps students
understand how it could be used in their educational process. Prototype, its features and
development process was described in Chapter 5 - Survey prototype.

6.2 Participants

As is known, the prototype has been developed based on Artificial Intelligence Course of
Gjøvik University College. Participants have been interviewed students of this course. A
notification about the experiment was done on the Artificial Intelligence Course Lecture
for attraction students to participate in an interview. For convenience, we created meet-
ing on the service Doodle [73], where students can register by selecting the slot with a
convenient time for them. As well, students of other courses have participated in the in-
terview, which also have been experiencing with the LMS in their learning process. Invite
members of other courses is related to the fact that the number of students enrolled in
Artificial Intelligence Course is low, and many students have not had free time to take
part in the experiment. But attraction of students from other courses is also a positive
factor. We do not focus our investigation on only one course, and have the opportunity
to evaluate the personalization from the different sides, for different courses and form
different points of view. We addressed individually to the students of other courses to
involve their in the experiment.

The total number who have participated in the experiment, is 14 students. Individ-
ual interviews has been conducted and developed prototype has been demonstrated to
each student individually. Among the participants 6 students are from the Artificial In-
telligence Course, and also other students are from master and bachelor courses. Figure
23 represents a diagram of the experiment participants. Participants in the experiment
are Norwegian students and students from other countries studying at present time in
Gjøvik University College, such as Italy, Macedonia, Russia.
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Figure 23: Participants of the experiment

6.3 Survey Results

6.3.1 Conducting Interviews

Interviews have been conducted in three steps. In the first step, we have asked basic
questions to participants interview about the familiarity with the concept of personaliza-
tion and about the possibilities of this in the LMS. If students have not been familiar with
concept of personalization, we have told them definition and described the main features
and purposes. The students have been given to understand that in our case, we consider
the personalization process in terms of adaptation learning.

The second step have consisted of three parts. In this step, we have presented three
developed prototypes to user and demonstrated them using of personalization to the
learning content. Scenarios have been proposed to students, modelling the learning pro-
cess and demonstrating how and when the opportunity presented in the prototype can
be used. So for the demonstration of Personalized Guidance Approach and Personalized
Learning Activities Approach, the process of preparing for the exam have been offered as
a scenario. The following situation has been described to participants:

A few days later you have an exam. You have a list of topics which have been studied in
class. For each topic, you have Lecture notes in the form of presentation slides. But the slides
are of insufficient information and contain only abstracts, to prepare for the exam we need
to better understand the problem. You must apply to additional sources.

For Personalized Communication Approach, the process of the projectization was pro-
posed as a scenario. The following situation have been described:

You are working on the project. This process of working begs the some question and you
can not find the answer yourself on that. You decide to ask for help to the person who are
knowledgeable in your area of interest and may help you find the answer to your question.

After the prototype demonstration, users have been asked several questions regarding
the possible application in the educational process presented prototypes, of their advan-
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tages and disadvantages.
The third step of the interview is summarized. At this step, the participants can al-

ready imagine the possibilities of personalization and its basic features, and also deter-
mine for their the most useful factors of personalization. Also in this part of the interview,
we have asked questions about what problems users experience in the learning process ,
and when the inclusion of personalization could help them. Questions about the existing
problems have been asked after the interaction with the prototype, because prior to the
interaction of users could not think about the existence of any problems.

6.3.2 Interview Results

In this chapter we provide a brief student excerpts and quotations from interviews, re-
view their answers and statistics.

Questions Before Student Interacted with Prototype

The main purpose of the questions of this part is to understand what students know
about personalization in general and how it can be used in LMS. Here we clarify how
well students are aware of the personalization, how new this feature will be for them and
whether they need clarification on this, so that they correctly understand the concept and
purpose of our research and prototype.

On the question of whether students are familiar with the concept of personalization,
the majority of respondents have answered positively and only two people had not heard
before on such a concept. Figure 24 shows the student responses to the question of
familiarity with the concept of personalization.

Figure 24: Responses to the question about familiarity with the concept of personalization

Figure 25 shows the student responses to the question of whether they know about
the using of personalization in the LMS. Students understand the using of personaliza-
tion in the LMS, as something to customize for themselves, such as the examples have
been cited on the improvement of interface, change the background of the work area.

45



Comparing Personalization Approaches for Inclusion in Learning Management System

The main advantage of personalization stands out as to spend less time for searching of
relevant information, but nobody thought about how this could be realized in the LMS.
Students also had never thought about the existence of adaptive learning and in what
cases it might be good for them. All students, who know about the concept of personal-
ization and for what it is applied, suppose the possibility of use this in the LMS.

Figure 25: Responses to the question about familiarity with the using of personalization in the LMS

Questions after Student Interacted with Each Type of Personalizationn

As mentioned earlier in this part of the interview, we have shown the experimental pro-
totype to the participants, which demonstrates different approaches to personalization
in the LMS. After the interaction with the prototype, the students have answered a few
questions.

Personalized Guidance Approach
This approach demonstrates first to students. In the prototype, Personalized Guidance

Approach is to provide recommendation of learning objects to users of the LMS, based on
the user interests and required difficulty level. Figure 26 shows the student responses to
the question about useful to include this personalization approach in the LMS. Overall,
it have been described by students on the positive side, and they likes the basic idea,
because not all students learn equally. For example, reaction to this approach are the
following:

Yes, it is a very good idea that helps to characterize themselves. You do not get unwanted
information if you do not need it.

I like the idea of this approach. But the division of the technical level can be subjective, I
can expect one and get another.
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Figure 26: Responses to the question about the usefulness of Personalized Guidance Approach in
the LMS

To the advantages of this approach, the students carried then that only the necessary
training materials is provided and redundant learning objects is eliminated. Also it was
noted that this approach allows us to explore one topic deeply, and another perfunctory,
i.e. make it possible to be self-supervisory. Students likes that it is possible to change the
level of difficulty, which may depend on their task.

Personalized Learning Activities Approach
This is the second approach which have been shown to students. Personalized Learn-

ing Activities Approach is to advise the learning materials for students, depending on the
topic of interest and preferred learning style. Students quite positive and friendly think
about this personalization approach. Only one student responded negatively to this ap-
proach.The student reaction to this approach is:

It is a good idea. According to my perception of the real world, I can get useful information
for me and do not waste time on something that I do not perceive.

To the advantages of this approach, the interviewed participants attributes factors
such as receiving information in the better perceived format. And as a consequence is
that there is no need to waste time on the information in a format that is difficult to un-
derstand. Students note that this approach can actually help their save time and facilitate
the study process. Students also mention that the most of study courses offer information
in a single form for all, and they like the ability to manage their learning process and to
choose only what they like. On the positive side, students attribute to the simultaneously
choice of several styles of information perception.

The interviewed participants assign to the negative side of this approach the follow-
ing:

I must be sure that choosing one learning style, such as video, I get the same amount of
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information, as if I am reading a book.

Confidence should be that we obtain from given learning objects for a certain learning
style the same amount of information as if we had chosen a other learning style. Likewise,
in the presented prototype, only three learning style is being considered, namely Visual,
Read / Write and Kinesthetic. Participants of the experiment indicate that more options
will provide more convenience and benefits.

Personalized Communication Approach
This is the last approach, which have been shown to students. In this prototype Per-

sonalized Communication Approach is the recommendation of people who are knowl-
edgeable in specific areas of student interests a certain level of difficulty. Almost all stu-
dents have responded positively to inclusion of this personalization approach in the LMS
and found this idea very useful.

When asked about the usefulness of this approach, students responded as follows:

This idea is very useful if the teacher is very busy, and we can find other people who can
be free. This may be not only teachers but also students.

It is a good idea to contact with other people. And exactly, it will be useful, because
you can talk with someone about a your problem, and if you do exercise and do not
understand something, then you can ask one or more persons.

Students identify this type of personalization as a good opportunity to communicate
with others about a particular issue. Experiments participants assign that the teacher of
the course is busy very often, but this approach offers ample opportunities for finding an
answer to their questions. Also they have determined that it would be good to contact
not only with teachers, but also with students from other courses, with students from
previous years and finishing studies, as well as with people from a job market. Very
often the problem arises during the learning process, and learners do not know with
whom to contact. And this approach can be useful, so that allows direct interaction about
relevant issues. At the same time, students worry about the issues related to privacy, not
all students would like that their individual information can be shared among other
students.

Also some students have noted that the talking to strangers can be difficult, because
there is a chance that the asked question may seem silly. Also, some students find that
only experts can help really.

Conclusive Question

After the presentation of prototypes, we have asked common questions about personal-
ization of students. Now they have been already aware of how personalization can be
applied in the educational process and what it can be established, and they can give us
their opinion about it.

The reaction of students to inclusion of personalization in LMS is positive. Figure 27
shows the student responses to the question about the usefulness of the inclusion of per-
sonalization in the LMS. Interviewed students find personalization as a very useful part of
the LMS, which allows to expand the system options. Some students are not happy with
the current use of their LMS, they use it only as a tool for checking e-mail and uploading
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of educational tasks. But they believe that the additional option of personalization will
be motivated to use the LMS to its destination. Personalization helps to make LMS more
modern offering accessible methodology to students that can really help make learning
more flexible. Also survey respondents have noted that:

It is possible at the initial stage, new functions can seem complicated and unnecessary.
But it is perhaps when I will accustom to use a such LMS, I can realize that it does not
annoy them or even really helps me.

Figure 27: Responses to the question about the usefulness of the inclusion of personalization in the
LMS

On the question about what features personalization should be based on, students
reacted differently. Figure 28 illustrates students responses about the important of fea-
tures as the basis for personalization. Of course, they believe, that the primary feature
should be studied topic, depending on which and also the desired goals and objectives
other features will be. All interviewed students indicated its importance. Personalization
on the basis of publication type of LO can be useful in Personalized Guidance Approach
in some cases, such as when a large number of recommendations are given, and if only
LO is required in a specific format. Students said that the need to identify a specific
publication type in a Personalized Learning Activities Approach does not exist.

Ideally, as noted by participants in the experiment, it would be better if it will be a mix
of a few features, such as the publication type of LO and their technical level, because:

Thus, the recommendations will conform to the most desired results, and I will receive
information in the required format and it will be not easier and not more complicated
than they need.
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Figure 28: Responses to the question about the key features for personalization

It is hard to choose something specific. All features should be combined. Feature selection
depends not only on the preferences of the person, but also on the task. In a one day can
be a useful one, but in another day more.

It is convenient to choose the topic first, and then any other options depending on the
task.

Figure 29 shows what combinations of features that the students have selected. Fig-
ure 30 shows what features and their combinations, different types of students have
chosen, namely Master students, students from Artificial Intelligence Course and other
Bachelor students.

Figure 29: Responses to the question about the most useful combination of features as basis for
personalization
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Figure 30: Responses of different types of students to the question about the most useful features
as basis for personalization

Figure 31 shows a digram of personalization approaches usefulness. On figure 31,
approaches, such as Personalized Learning Activities and Personalized Communication,
are the most useful in students’ opinions. But the majority of students are choosing the
combined personalization approach. Figure 32 demonstrate student responses about the
most suitable combination of personalization approaches. Hybrid approach is chosen for
reasons that such system meets the needs of many people to provide more options and
can be applied to various learning situations.

In those cases, when student have selected Personalized Communication Approach,
regardless of whether alone or in combination with other techniques, they indicates that
it would be better simply to recommend people, not divide them by different levels of
difficulty. Cases of choice of all three approaches have been commented so:

So, I will be able to get the necessary educational materials, study them and if I will have
any questions, it will be convenient to ask for help to people.

Among the approaches suggested the most appropriate and useful, students deemed
Personalized Learning Activities Approach, whether it is used in combination or sepa-
rately.

Table 5 show what personalization approaches different types of students have cho-
sen. Personalized Learning Activities Approach is a popular among students of the courses
that have many practical tasks. Students also noted that Personalized Guidance Approach
can be helpful on the theoretical courses. Participants of the experiment have indicated
that Personalized Communication Approach will be useful in practical and theoretical
courses.

As is well known, providing of personalization requires user interaction with the sys-
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Figure 31: Responses to the question about the most useful approach to personalization in LMS

Figure 32: Responses to the question about the most useful combination of personalization ap-
proaches
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What personalization approach or mix of approaches is the most useful for you
in the learning process?
Approach or Mix of Approaches Number of Responses

Master Students’ Responses
Personalized Guidance Approach 1
Personalized Learning Activities Approach 3
Personalized Communication Approach 2
Personalized Guidance and Personalized Learning Activ-
ities Approaches

1

Personalized Learning Activities and Personalized Com-
munication Approaches

2

Responses of Students from Artificial Intelligence Course
Personalized Guidance Approach 3
Personalized Learning Activities Approach 6
Personalized Communication Approach 4
Personalized Guidance and Personalized Learning Activ-
ities Approaches

2

Personalized Learning Activities and Personalized Com-
munication Approaches

3

All Approaches 1
Other Bachelor students’ responses

Personalized Guidance Approach 3
Personalized Learning Activities Approach 2
Personalized Communication Approach 3
Personalized Guidance and Personalized Communica-
tion Approaches

1

All Approaches 1
Only Personalized Guidance Approach 1
Only Personalized Learning Activities Approach 1
Only Personalized Communication Approach 1

Table 5: Responses of different types of students to the question about the most useful approach
or mix of approaches to personalization in LMS
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tem, such as tuning of the system under him/her, adding personal information, such
as the interests, prior knowledge. Figure 33 shows the student responses to the ques-
tion about the desire to interact with the LMS to provide personalization. Most students
respond positively to the interaction with the system:

Now the system is not convenient to use (about LMS "Fronter"), and if personalization
will make the learning process easier, I will interact with the system.

The negative reaction was characterized by the fact that at present time the LMS
satisfies in all, and the new features and interaction with their may create difficulties.
The positive reactions of the interviewed participants also have been commented:

I will interact with the system only if this process will be fast and easy. If this process will
consist of a large number of steps, then I am not going to work.

Likewise, students indicate their reluctance to add personal information into the sys-
tem, such as date of birth and/or interests outside of school, and would not like that
provided information about them can be available to any other person. Students also
note that a real result should be felt after the interaction with the system and the learn-
ing process should be facilitated. Also there are positive factors of interaction with LMS,
that it can motivate to education and make learning process more interactive and inter-
esting.

Figure 33: Responses to the question about the desire to add additional information to the system
for personalization

The purpose of personalization is to facilitate the learning process. And for this we
need to determine what can be facilitated and what challenges is faced by students in
their learning process. Figure 34 shows the student responses to the question about
the existence of problems in the learning process in during interaction with the LMS.
Students who do not have problems, have commented it as the following:

I trust the teacher and I think that all materials that he proposes, are useful and there is
no need to sort them in any case. And if something is not clear to me, I can use Google.
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Figure 34: Responses to the question about the existence of difficulties in the learning process

Students who have problems in the educational process, have faced with the follow
difficulties:

Every course has its own structure. Each teacher adds educational material by different
ways. I spend a lot of time on searching of desired information.

Now the system is not convenient to operate, there is no centralization in the publication
of materials. Learning content is normal, but presented badly.

Study materials do not have descriptions. I spend a lot of time to open them and review
what they contain.

So firstly, LOs are stored often unsorted, and it complicates search of LOs. At the same
time there is not any description of these objects. Therefore, a lot of time is spent on
opening LO and defining, whether this information is or is not appropriate. This process
takes palace often because information contained in the textbooks is not enough and
deeper knowledge is required. Second, there is not a unified structure and centrality for
the publication of educational materials. Students note that, it would be easier if they had
the opportunity to adjust systems for their. Now they spend much time on search. Another
problem that is assigned by students, is lack of teacher time and lack of knowledge about
who else can help their with study. But at the same time, almost all students find the
usefulness of personalization to a greater or lesser degree, regardless of whether there
are or not difficulties.

On the question about in what cases personalization can help, the students have re-
sponded the following:
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Personalization can be useful when the lecture is cancelled.

It would be useful in solving educational tasks.

It would be helpful during the preparation for the exam.

Thus, students specify the following cases: solution of tasks and exercises, project
implementation, preparation for the exam, skipping lectures and cancelled the lecture.
Students believe that personalization would be particularly useful for them during the
self-training. Students suppose that the search for relevant information can be facilitate
by personalization. They also think it can help to self-check and to determine on what
stage of the course, they are.
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7 Discussion

7.1 Introduction

This project aims to study personalization in learning, what personalization approaches
should be useful to students in LMS. Our study builds on previous studies reviewed in
the Related work chapter. [38] defines the different approaches of personalization that
can be used in the LMS. This article is the basis of this research. [38] singles out five
basic approaches: Personalized User Interface, Personalized Learning Resources, Person-
alized Learning Activities, Personalized Guidance, Personalized Communication. Before
the study, we have examined these types of personalization and evaluated how we can
apply them in our study under the existing conditions and opportunities. Current study
is limited by time and available resources. Therefore, we started our study on three per-
sonalization approaches in the LMS: Personalized Learning Activities, Personalized Guid-
ance, Personalized Communication. We consider personalization and approaches which
can be used as a way to make learning adaptive, how to adapt the educational content.

One of the main details on which we focus our project is to define the approach of
personalization or a mix of approaches that will be most useful in the LMS. Defining
a useful approach is based not only on what the student is interested. We must also
consider such aspects as, in which cases personalization can be useful in LMS, what
challenges are faced by users of the system during their learning process. It is important
to gather all information together. To understand what personalization approach/es will
be useful in LMS and what they are based on, we should find answers to three questions:

• What reasons can be to use personalization? The answer to this question must con-
sider the existing problems of the students during the learning process in interaction
with the LMS and to determine whether personalization is able to solve these prob-
lems and contribute to their solution.

• When can we use personalization? The answer to this question is to determine the
place and time of personalization in the learning process.

• What can be personalized? The answer to this question is what educational content
of the information should be personalized.

Answering the questions, it will be easier to understand what type of personalization
can be useful. We will be able to consider each type of personalization based on specific
responses.

In addition to identifying approaches for personalization in our study, we are also
exploring on which features personalization should be based. Thus, features for person-
alization have been implemented in the prototype, such as a study topic, a technical
levels and publication type of educational resources. These features have been chosen
after examination of existing works. The choice of these features was primarily based on
the fact that we can implement them in the system to demonstrate their function. We

57



Comparing Personalization Approaches for Inclusion in Learning Management System

are also able to determine what features should be considered in the first place and what
may be of minor importance.

7.2 Personalization in LMS

Before the representation of our prototype, experiment participants heard about the con-
cept of personalization, but did not perceive it as an adaptation of educational content.
Students understood personalization only as a change and configuration of interface for
themselves. In addition, they have not thought that their learning could somehow be
improved or facilitated. This reaction of students can we explain by the fact that the LMS
«Fronter», which is now used in the learning process of interviewed participants, gives the
opportunity to customize the user interface. Students of this system can configure con-
venient access for desired courses to choose styles, but the presentation of educational
content in a single course is the same for everyone, we have considered the possibili-
ties of personalization in LMS "Fronter" in chapter 4.3. Such reaction demonstrates the
conclusions of the article [14]. The interviewed participants can talk and discuss only
about the fact of what they were dealing with. These facts confirm the correctness of the
decision on the representation of visual prototypes that demonstrate the basic properties
and personalization features, which can be implemented in the LMS.

Using prototype in the study helped to present new opportunities in LMS and encour-
age students to reflect on their learning process, on the problems that exist, and what
can be changed and improved. Students responded positively to personalization. They
felt such innovation comfortable and modern. Modern technologies allow much more
possibilities for the development of education than LMS, which just stores information
about courses and learning objects and provides access to them. And also it might be a
good assistant in the the management of learning objects. Judging from the responses of
the respondents, we can identify the following advantages of using the personalization in
the LMS: providing easier access for interesting and desired resources. As a consequence
it is facilitating access to information, making interaction with system more directive,
that can motivate learners to use LMS, and gives an opportunity of self-control. The
main disadvantages of the personalization is based on process of interaction between
LMS and the notion of the personalization purposes. These disadvantages are related to
the fact that students are afraid that the interaction with the system can be complicated
and they can not understand the purpose of the new features. Sometimes, when getting
acquainted with innovations in old system or new system, users initially have a number
of inconveniences. But usually these inconveniences leave or become usual with a long
and constant use. In any case, we should take into account the desire of experiment par-
ticipants that interaction with new features in the LMS should be quick, easy, and not
contains of a large number of steps.

Providing the personalization may require additional action from the user during in-
teraction, such as an indication of personal interests. Although the students express their
consent to the interaction with the system for the personalization, but they indicate that
this process should be easy, ie, not have a large number of steps in filling, have a friendly
interface, and do not be too intrusive. The result of the interaction should be visible
and users should receive a real benefit. But consideration of how to implement the user
interface is beyond the scope of this master thesis. Our main aim is to consider the per-
ceptions of students to the possibility of new features. Also, analysing student responses,
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we can understand that the information for the personalization should not be distributed
to other users of the system. There may be include only information relevant for school
and useful for the personalization process and does not contain any personal data, like
birthday, gender etc.

We can make the first conclusions based on results that presented in 6.3.2 chapter.
First, students believe that changes are needed in current system. Second, students see
advantages from the use of personalization. And third, the students have desire to in-
teract with the system. Therefore, we are not looking at a number of deficiencies and
observations, we can judge that personalization in LMS can be useful and our further
study on identifying the most useful approach/s for personalization and the main fea-
tures of personalization can make sense.

7.3 Reasons for Using the Personalization in the LMS

As we mentioned in the section 6.3.2 Interview Results, students distinguish a number
of problems that they face when interacting with LMS in the learning process. All the
problems declared by students relate to difficulty of searching for the desirable educa-
tional information. But the personalization, as we consider in the this master thesis is
not aimed to facilitate the search process, it is aimed to facilitate the learning process.
We are considering personalization of educational materials as a substitute for search
process. The problem of search and access is due to absence of single structure of LOs
representation, description of LOs, and very often sorting them by study topic. Person-
alization of learning materials can help to solve some problems, depending on which it
is based on. For example, a personalized recommendation of educational materials on
a particular subject excludes selection process of a large number of unsorted published
course material.

Students also determine the existence of problems in communication. This problem
is characterized by factors such as the frequent lack of free time of course teacher, lack
of knowledge about people that are able to help, etc. We can judge what students want
to interact with other persons, but they often do not know with who to contact on a
particular issue. But as we know the exchange of experience and knowledge plays an im-
portant role in the learning process, it motivates to obtain new knowledge, and enhances
obtained. Personalized recommendations of LMS users based on common interests can
contribute in the solving the problem of communication.

Also, study participants noted that the overall learning process can be easier. From
this we can see that there are areas for further improvement of LMS. Adaptation of learn-
ing based on the personalization of learning materials may be the direction of forward
movement. This may allow not only make learning more convenient and comfortable,
but also to transfer learning to a new level, making it more interactive and tailored to
the individual user.

Participants of the experiment indicated that personalization would be most help-
ful during self-training, we considered it in 6.3.2 chapter. Any learning process includes
such cases. Moreover, individual training is very useful and stimulating for development
of qualities such as thinking, logic, ability to control, introspection and self-esteem. Per-
sonalization of learning materials facilitates these situations by offering, for example,
the desired educational information about a particular topic. Thus, the user of such sys-
tem will not lose time for search and can spend it more usefully. Cases requiring self-
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directed learning may be the following: solving tasks and exercises, project implementa-
tion, preparation for the exam, skipped or cancelled lecture. These cases cover the entire
educational process, and hence the need for personalization of can occur throughout the
learning process.

7.4 Personalization Approaches

7.4.1 Personalized Guidance Approach

The main goal is to recommend useful information for studying on a particular topic.
This approach aims to assist in the study of a topic. It should offer learning materials
that would be useful in the study, and where student can find the desirable information.
But as we know, learning materials can be of varying complexity, some may offer only
the basic concepts and definitions and to be an introduction to a topic, while others
deeply consider a narrow domain. Therefore, under this approach, we also demonstrate
the possibility of personalization on the basis of the required technical level in order to
achieve the highest quality recommendations.

We have considered four qualitatives of good recommendation system in chapter 3.3.1
of Related work based on [52] article. The qualitatives are to provide personalized view,
to provide personalized search, to recommend materials at the appropriate time or lo-
cation and support non-disruptive view experience. We will estimate Personalized Guid-
ance Approach by these described qualitatives. This approach provides recommendations
based on user interests, thus it facilitates access to learning materials and partially ex-
clude their search. Students can use this approach on demand at any time, if they have
access to the LMS. The result of this approach is a list of recommendations that are pro-
vided with a description. Students can choose from the list those that most equal to their
desires. Therefore, we can conclude that this approach satisfy the qualitatives for good
recommendation system.

In general, this approach was found useful to survey participants. Positive aspects of
the approach characterized by the fact that information is offered only in the conformity
with the desired topic,and excludes redundant information. This approach can solve sev-
eral problems that exist within the educational process when working with the LMS. It
provides convenient access to necessary materials, and take less time for search. This
approach can help during any of the previously described cases of necessity for person-
alization and can greatly facilitate self-directed learning.

7.4.2 Personalized Learning Activities Approach

This approach aims to provide learning materials in accordance with the preferred learn-
ing styles of students. This approach allows to individualize the learning process to a
large extent, considering not only the educational interests, but also the convenience for
students to perceive information. Learning style describes the ability of perception of the
information provided in the a specific format. This approach allows to save more learn-
ing time and not spend it for searching the desirable learning resources. Educational
information is provided in a convenient format. This approach takes into account the
fact that all students are different and perceive information for study differently. Person-
alized Learning Activities Approch satisfy the qualitatives that described in chapter 3.3.1
of Related work, as is Personalized Guidance Approach.

The reaction of experiment participants on this approach was positive. Although users
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did not specify the problems associated with the provision of information in different
ways, but rather noted that the quality of the educational content of courses is very good
and presented in different ways. But it is also noted the inconvenience of access to these
materials. This means that to use learning materials of courses, students spend a lot of
time to access them.

Personalized Learning Activities Approach can help in solving problems that may ex-
ist within the educational process of work in the the academic environment. Thus, it
can make acess to educational material more convinient. Moreover adapting educational
content, according to a preferred learning style, the learning process is getting easier. Like
the previous approach, this approach will be useful in any suspected cases of individual
preparation and contribute to its facilitation.

7.4.3 Personalized Communication

This approach enables communication on a specific topic, providing advice of persons
with respect on interesting topic. This approach allows personalization of directed con-
tact with a persones, knowing that they are able to help in the issue on a particular topic.
We have already noted the importance of communication in the learning process. This
approach aims to share knowledge and contribute to it.

Representations of the personalization approach designed to ensure communications
was received positively. Students have noted its importance and usefulness. Moreover,
they also have determined the problem that this approach could solve. During the self-
training, we can often have questions, the answer on which is difficult to find in educa-
tional materials. In such cases, the possibility to ask for a competent persons will be very
important and may save time of learning process.

Different opinions of the respondents also exist about who can be recommended as
helpful people. A number of students notice that the students from other courses and
students from past years can be helpers. Perhaps this is due to the fact that it is easier
for students to communicate with their equals, to ask for help and not feel confused. But
other students point out that only experts should be recommended. Of course, offering
people we must be sure that the correct people are recommend that can help and not
harm to the students. And addressing to their, students should also feel confident that
person, who helps him, is competent in their questions.

7.4.4 Choice of the Useful Approach

Considering each of the proposed approaches separately, we find that they can be helpful
in the learning process and are able to facilitate it. To determine the most useful ap-
proach, we revert to questions that we identified earlier in this chapter. Namely, what is
necessary to personalize, when to personalize, and what should be personalized. Follow-
ing the problems that occur in the learning process, we can conclude that it is necessary
to personalize the educational materials presented in the learning environment and op-
portunities for communication. As we already explained earlier, the personalization will
be especially helpful during self-training. Reasons for personalization have been identi-
fied as follow: providing convenient access to the material, not knowing people that can
help in certain areas.

We consider the personalization approaches regarding defined indicators. Firstly, we
found that there is a need for personalization of learning materials. Personalization of
educational materials is provided by two approaches: Personalized Guidance and Per-
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sonalized Learning Activities. Both of these approaches can solve the existing problem
of how to provide easy access to materials represented as part of the course. Also, these
approaches can help with self preparation. But by analyzing the reaction of users, we can
determine that the Personalized Learning Activities Approach provides more opportuni-
ties, makes the learning process more individualized. Users of LMS is insufficiently to
get just a recommendations of learning materials on a particular topic, it also should be
taken into account their preferences and capabilities. The more system are capable, the
more comfortable learning process can be. Also, if to take a look on statistics presented
in the Chapter 6.3.2 in Figure 31, this approach is most useful among the approaches
considered by respondents.

Also, as a result of the interview, we determined that there is a need for recommen-
dations for communication. This need can be solved by Personalized Communication
Approach. This approach can help to solve the problem that exists among users in the
the current educational process. Personalized Communication Approach is aimed to en-
suring the communication of people, is able to recommend the right people at the right
time. Moreover in the statistical parameters represented in Figure 31 in the Chapter
6.3.2, this approach is on the second leading position.

Thus it appears that a combined approach is the most useful for the inclusion in LMS
which includes personalization of learning activities and communication. If we look to
statistics presented to Figure 32 in the Chapter 6.3.2, we see that the combination of
these two approaches participants of interview also considered the most useful. Thus we
can judge that the inclusion of such combination in the LMS is rather than in isolation
and can bring real benefits. The inclusion of a combination of approaches to the LMS will
give more opportunities to provide a more comfortable learning and allow users greater
control over their learning process.

7.5 Features for Personalization

In this master thesis, we have examined three features that can be used as a basis for
personalization, namely a study topic, a technical level and a publication type of study
materials. In this chapter, we analyse and discuss the students’ answers on questions
about the applicability of the various features, that presented in chapters 6.3.2.

7.5.1 Study Topic

Study topic is a features that is used to determine the user’s interests, for which person-
alized recommendation can be obtained. In our case, study topic is a basis for all three
personalization approaches. We defined the goals and desires of users for the particular
course using this feature. We rely on this fact, because defined topic list should be studied
within the course and, accordingly based on these topics, students receive assignments
and prepare for exams, etc. Also, the teacher of the course provides study materials that
are relevant to certain topics. Therefore the use of study topic can help in personalization
of educational materials within a course. Moreover, providing information on the basis
of the study topic, we are reducing the impact of the problem of ambiguity. Concept can
be described using various terms, which may have different depths. Thus one term may
indicate a specific area, and the other gives the general knowledge. And using study topic
as a features for personalization, we unify concepts within the course.

Analysing students’ answers that is presented in the figure 28, we can conclude that
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they responded positively on the providing of personalization based on study topic. More-
over, they note the need and convenience of this feature. We can judge that it is conve-
nient for students to define their interests by using the predefined settings, so the need
to formulate a search query is eliminated, and therefore additional actions and interac-
tions with the system is excluded and time is saved. Provided recommendations based on
particular study topic eliminate ambiguity and misunderstanding, allowing the student
to exactly understand in what area he/she is studying.

Analysing the responses of students during the interview, we can conclude that there
are cases where a student can not understand in what areas can apply his/her question.
To avoid this problem, each topic should have a brief description of what it includes.

7.5.2 Technical Level

Technical level is a feature that allows to determine the level of student knowledge in
a particular area. Personalization on the basis of this feature does not give unnecessary
information, such as too difficult or too easy. Thus, this feature provides a more person-
alized recommendations and study materials, and can help to ensure that the recom-
mended materials will be more useful, i.e. they will rather conform to the interests and
desires of students. We use the technical level feature in two personalization approaches:
Personalized Guidance and Personalized Communication.

The interviewed participants have reacted differently to the possibility of selecting
the desired technical level. For example, some students have responded positively to the
choice of technical level in Personalized Guidance Approaches, they justify in that the
possibility of providing redundant information is avoided. The positive qualities were
also attributed that this feature allows to determine the level of student knowledge in
a certain area, providing a good opportunity for self-control. But not all participants
understood the difference between the various technical levels. Also, some participants of
the interview have supposed that if the instructor of the course offers some information,
then it should be studied, no matter to what level of difficulty it is. Separation of learning
objects on various technical levels may seem rather subjective, each person determines
for himself the boundaries between the levels of their own way. One solution to this
problem can be to identify the different technical levels for each course topic, i.e. to
specify exactly what concept involves every level of a particular topic and how deeply it
considers them. Such feature also allows students to determine at what learning stage
they are at the current moment.

In Personalized Communication Approach, we have also offered to students to deter-
mine their technical level of issue. But this idea has not received approval. This is due to
the fact that having a question, we often do not know for what level of complexity to in-
clude it. Since we can not find the answer by yourself, then it is complicated. Complexity
of the issue is quite subjective indicator. At the same time, we want to get an accurate
response from specialist in a particular area. Therefore, the application of the technical
levels in the under this approach, we can assume not profitable.

7.5.3 Publication Type of Learning Objects

Publication type of learning objects is a feature that allows us to determine the desired
format of learning objects. The use of this feature is based on the fact that all students
are different accept information presented in different ways. Some students are more
receptive to the information visually, others by hearing. Each way of perception of the
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information will correspond to different formats of learning objects. In our case, the per-
sonalization of learning materials based on their publication types were implemented
implicitly in the Personalized Learning Activities Approach. We offer to choose their pre-
ferred learning style and, on the basis of which the system recommends learning materi-
als.

Analysing student responses presented in the chapter 6, we can see that the person-
alization of learning materials on the basis of learning style meets the needs of users in
a convenient representation of the desirable materials. There is not the need to specify
an exact format of learning LO. But this need can be useful in some cases in Personalized
Guidance Approach for the more accurate the recommendations of additional learning
materials. This feature is not widely popular among students.

7.5.4 Choice of Features for Personalization

Considering separately each feature, we can assume that in certain cases they can serve
as a basis for personalization features. It should be noted that we can not get good rec-
ommendations based on only technical level or publication type of LO. Also recommen-
dations should be based on a specific topic or correspond to a specific area. Analysing
respondents’ answers, which are described in chapter 6.3.2 and represented in Figure
28, we can also see that the study topic is given special attention and all the students
believe that the recommendations should be based on the study topic. Moreover, stu-
dents say that it is very convenient and useful on the first step to choose a topic of the
recommendations, and then other features for personalization.

Using a combination of features allow to make recommendations more appropriate
for each individual user, to eliminate unnecessary information. In such proposal we came
to analyse student responses, which are presented in Chapter 6.3.2 and in Figure 29.
Most students choose a combination of features.

We can assume that personalization can be based on the following combination of
features:

• Topic and technical level

• Topic and publication type of LO

• Topic, publication type of LO and technical level

Choice of required features can not only depend on the preferences of users and their
interests, it must be based on the user tasks. At the same time, the choice of necessary
personalization features, also should be based on what personalization approaches are
used in the LMS. So for example if we use the Personalized Guidance Approach, then use
a combination of topic and technical level for easy access to educational materials, sorts
them and removes excess, in some cases it can be useful to use a combination of all three
features. So the recommendation can more accurately reflect the interests and needs of
users.

As we have previously determined that the Personalized Learning Activities Approach
does not require to specify publication type of LOs, because we already point out the pre-
ferred learning style. But in students opinion, adding technical level can be very helpful
in this approach. There is an opportunity not only to obtain appropriate study materials
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Personalized Guidance Personalized Learning Personalized Communication
Approach Activities Approach Approach

Topic Topic Topic
Technical level Technical level

Publication type of LO

Table 6: Features for personalization in a variety of approaches

for particular learning style, but also that these materials can match the user’s knowl-
edge.

Personalized Communication Approach is based on the recommendations of the peo-
ple, so we can not apply to it the features of publication type of LOs. Also based on the
reaction of students we can judge that the application of technical level is also not very
useful in this approach. And it can only complicate the interaction with the system and
lead to erroneous recommendations.

Table 6 presents some features that may be a basis for different personalization ap-
proaches.

We already have written about what the problems could happen that is associated
with understanding technical level and that study topic involves in itself. To avoid these
problems, it is necessary that descriptions of study topics and difficulty levels in each
topic exist. So for example the description of topics may include any sub-topics and
discussed concepts. Descriptions of levels of complexity may contain information on how
deeply the concept is considered in the level. This can allow users to better interact with
the system, to eliminate the problem of ambiguity and subjectivity of judgements.

7.6 Findings

We found in this study that students are dissatisfied with and experience problems during
the interaction with the current LMS. Also, we have identified these problems, such as
the difficulty of access to and retrieval of desired learning material; a communication
problem. We found that personalization can help solve these problems.

The main objective of our study is to identify the personalization approach or a mix
of approaches that can be more useful for inclusion in the LMS. We found that a mix
of Personalized Learning Activities and Personalized Communication Approaches is most
useful for inclusion in the LMS. This mix can contribute to solving some of the problems
of students, such as the difficulty of access and retrieval of desired educational materials
and a communication problem. We also examined the basis on which these approaches
can provide personalization. Based on our research and analysis, we determined that the
Personalized Learning Activities Aproach should include features such as: Study topic and
Technical level; Personalized Communication Approach should be based on the Study
topic.

We have identified four key factors of on-line learning personalization in Chapter 3.3
based on [26, 6], such as providing flexible outcomes; meeting the needs of individ-
ual learning styles; keeping the learner engaged; enabling the learner to use their time
well. We will examine how a system with inclusion Personalized Learning Activities and
Personalized Communication Approaches corresponds to these factors. We have not con-
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sidered in our study changes in the learning process, but only studied the possibility of
providing personal recommendations. In our case, Personalized Learning Activities Ap-
proach is based on a technical level and study topic, considers the knowledge of users
and provides easy navigation to the topics being studied and relevant learning mate-
rial. Both approaches are able to consider how the user perceives the information. If
the learner prefers to communicate, the system can provide him/her with people knowl-
edgeable in the area of interest, at the same time, the system allows the learner to choose
desirable ways of information perception of learning material based on learning styles
VARK model. System with inclusion personalization based on a mix of approaches, firstly,
considers the topic of interested material, thus easy navigation is provided to learning
materials. If student have access to the LMS, he/she also receives access to personal-
ization features. Thus, we can enclose that LMS with inclusion of mix of Personalized
Learning Activities and Personalized Communication Approaches corresponds to the key
factors of on-line learning personalization.

7.7 Criticism of Chosen Methodology

In this chapter, we are reviewing the limitations and issues of the project. The prototype
have been developed that demonstrates the basic functions and purposes of personal-
ization in LMS. We have restricted the creation of a simple prototype, that is to provide
personalization features based on three approaches: personalized guidance, personal-
ized learning activities and personalized communication. We have not considered such
approach, as a personalized user interface because of time constraints. This approach re-
quires a different devices, and also additional time is required for software development.

The prototype provides personalized study materials on demand. The user profile
used for personalization is built during the users’ interaction with the prototype. The
prototype do not store any data about the students in the system. It can not record the
last students’ interaction in the system and carry out their analysis. All the information
required for personalization available explicitly from students. This approach is chosen
due to time constraints as well. We had only one meeting with interview participants
in which they interacted with the prototype and answered questions of the survey. It
would be difficult in a short period of time to conduct a study with obtaining of students’
interests implicitly. The prototype should be implemented in the current LMS for student
use during the learning process. But implementation was also impossible due to the fact
that the LMS Fronter, which is now used in Gjøvik University College, is not an open
source system.

Another limitation in the prototype is a user interface. The simple user interface was
created in the prototype. And it is based on simplicity and consistency. Its main aim is to
show the functionality of the prototype. We did not study its usability. In our experiment,
the participants are not asked questions about the prototype interface. Separate research
about user interface should be conducted to implement the personalization features in
the LMS.

The prototype is based on the study course Artificial Intelligence Course. The main
criteria for choosing the course were the following factors: the students of courses must
have sufficient experience with LMS; study course should include a practical and theoret-
ical learning material. Another factor in the choice of Artificial Intelligence Course was
the fact that it is taught in English. Most courses at Gjøvik University College are taught
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in Norwegian. It could cause problems when the repositories of learning resources is
created.

In our study, Personalized Learning Activities Approach is based on VARK model. This
model involves four learning styles: visual, auditory, read / write and kinesthetic. But
only three styles: visual, read / write and kinesthetic are used in the developed proto-
type used. This is due to the fact that the Artificial Intelligence Course is not sufficiently
represented by learning objects for all styles. There are not enough learning objects for
auditory learning style. However, this issue did not affect the display of the personaliza-
tion approach. The main idea of the approaches had been conveyed to participants in the
experiment. For other learning styles of VARK model, learning objects are used by which
Artificial Intelligence Course is represented. The classification of learning objects on the
different learning styles was based on the definition of these styles.

Based on Personalized Guidance Approach, we also demonstrated a personalization
feature, such as Technical level, which made it possible to determine the level of desired
learning materials or persons’ knowledge. In our research, we use the following levels:
Basic / Elementary, Intermediate and Advanced. The choice was made based on the
fact that this classification is simple to understand and has a clear description in the
existing literature. But there are also classifications with more levels. But for their use,
more time would require for the classification of learning objects on different levels and
concordance with the teacher.

Initially, interview was planned to conduct only among students Artificial Intelligence
Course, on which the prototype was based. But limitations was made in the process of
study, and the interview was carried out among other students. But all students expe-
rienced enough with the LMS, and could evaluate and understand the advantages and
disadvantages of the interaction with the learning environments. There was not differ-
ences among students of Artificial Intelligence Course and other students during the
demonstration of the prototype and the interview. In both cases, the purposes of the pro-
totype and its basic functions were demonstrated. Asked interview questions was about
the use of LMS in the whole learning process. This limitations did not affect the results
of the study.
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8 Conclusion

In this master thesis, we have studied the main aspects of personalization and how per-
sonalization can be applied in Learning Management System in order to achieve the
best results during learning process and make learning more convenient and flexible. We
determined to study research area and related literature that there are problems such as:

• the majority of LMS is not able to provide a dynamic learning content to learners and
change learning activities;

• the learners needs and goals change along with their learning process.

One solution of these problems can be personalization of learning content, which
considers the interests of each individual student. But the next problem arises - in what
manner personalization should be implemented in education. We have considered dif-
ferent personalization approaches, which may be included in the LMS, and chose those
that can adapt to the learning process. In this project, we compared three personaliza-
tion approach: Personalized Guidance, Personalized Learning Activities and Personalized
Communication. These approaches were chosen for the following reasons: they allow
us to personalize the learning content, they do not require changes in the educational
process and they do not require the use of various devices.

A prototype has been developed to conduct research, which demonstrate the ba-
sic functions of personalization approaches and show their differences. The prototype
helped us to show students the basic idea of personalization and its necessity and useful-
ness in the learning process. In this study, we have conducted interviews with students.
Based on an analysis of student responses, we can answer our research questions.

What personalization approach or mix of personalization approaches among
personalized guidance, personalized learning activities and personalized commu-
nication can be more useful in Learning Management System?

We can conclude by studying the responses of students that each of the approaches
considered by us is able to make an adaptive learning process, but they do it in varying
extents. Therefore, in order to determine the most useful approach/es, we have studied
what problems students experience in their learning process during the interaction with
the LMS, and in what cases personalization may be the most useful, and what can be
personalized.

We have determined that the possibility of personalizing the LMS may be most use-
ful in during of self-learning, for example during exam preparation or making of the
project, etc. Each of the approaches considered by us is able to help with self-learning.
So Personalized Guidance Approach recommends additional learning material that can
help students in their learning tasks. Personalized Learning Activities Approach also rec-
ommends learning material, but allows students to choose preferred ways of perceiv-
ing information. It helps to facilitate and make the educational process more enjoyable
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and rewarding. Personalized Communication Approach involves the recommendation of
knowledgeable persons in a particular area and can assist the user in their learning ques-
tions.

We have identified the problems that exist in the students’ interaction with the LMS,
such as an inconvenient access to educational materials and a lack of knowledge about
persons who can help in the learning problems. Also, we have determined what infor-
mation should be personalized to the LMS. In the opinion of students, this is a learning
material and knowledgeable person in a certain area. Two considered approaches can
personalize learning material and facilitate access to them. This is Personalized Guid-
ance Approach and Personalized Learning Activities Approach. In this case, Personal-
ized Learning Activities Approach would be most useful, as we can judge to study the
responses and reactions of students. This approach offers more opportunities to adapt
study content. It does not only consider the interests of students, but also their abilities
and capabilities, and allows you to make the learning process easier for each individual
student. Personalized Communication Approach can serve as solving the problem related
to lack of knowledge about persons who could help in a particular area.

Thus, the answer this research question is a mix of Personalized Learning Activities
and Personalized Communication Approaches.

What features can be as basis for personalization in Learning Management Sys-
tem?

We study in this research question on what features personalization can be based,
namely on what the approaches defined in last question should be based. In the proto-
type, we introduced three personalization features: Study topic, Technical level and Pub-
lication type of LO. Feature Study topic was used in all three approaches, Technical level
was applied in Personalized Guidance and Personalized Communication Approaches, and
Publication type of LO was indirectly used in Personalized Learning Activities Approach.
Publication type of LO can not be applied in Personalized Communication Approach.

Personalized Learning Activities Approach may be based on the following features:
study topic, technical level and publication type of LO. We have analyzed the responses
and reactions of students and can make the following conclusions. First, the primary
feature is the study topic. Secondly, the use of technical level in this approach may be
very useful and provide more opportunities. Third, the explicit use of Publication type
of LO features would be redundant and useless in this approach, because this approach
already have personalized the educational material based on the desired learning style.

Personalized Communication Approach may be based on the following features: study
topic and technical level. We can conclude the follow based on the students’ responses.
First, study topic, as is in Personalized Learning Activities Approach, is an important and
primary feature. Secondly, the use of technical level in this approach is not useful and
can lead to erroneous recommendations.

Thus the answer this research question is Study topic and Technical level features for
Personalized Learning Activities Approach and Study topic for Personalized Communica-
tion Approach.
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9 Further Work

In this master thesis some personalization approaches were proposed to be used in Learn-
ing Management System. To further increase the validity and relevance of them, a pro-
posal for future work would be the follow: to apply these approaches in real-life LMS
and study their impact on the real learning process and evaluate the usefulness of this
inclusion.

Another suggestion for future work is to study existing learning model that can be ap-
plied in Personalized Learning Activities Approach and compare applying of these models
in LMS.

Another proposal is to study what kind of person may be relevant for Personalized
Communication Approaches. Study should be conducted to determine that the recom-
mended persons must be experts in a particular area or they may be students that learn
related fields? Also the future study may be about opportunity to consider the communi-
cation between different universities and international cooperation.
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A Appendix - XML Files of Repositories

A.1 Repository of Personalized Guidance Approach

A.1.1 DTD Schema of XML File for Personalized Guidance Approach

1 <!DOCTYPE Repos i toryForPersonal izedGuidance [

3 <!ELEMENT category ( id , name , paper+)>
<!ELEMENT id (#PCDATA)>

5 <!ELEMENT name (#PCDATA)>
<!ELEMENT paper ( id_p , t i t l e , author , de s c r i p t i on , keywords , ur l , t e chn i ca l Leve l , type , date )>

7 <!ELEMENT id_p (#PCDATA)>
<!ELEMENT t i t l e (#PCDATA)>

9 <!ELEMENT author (#PCDATA)>
<!ELEMENT d e s c r i p t i o n (#PCDATA)>

11 <!ELEMENT keywords (#PCDATA)>
<!ELEMENT u r l (#PCDATA)>

13 <!ELEMENT t e c h n i c a l L e v e l (#PCDATA)>
<!ELEMENT type (#PCDATA)>

15 <!ELEMENT date (#PCDATA)>

17 <! ATTLIST paper idp CDATA #REQUIRED>

19 ]>

A.1.2 XML File for Personalized Guidance Approach

1 <Repos i toryForPersonal izedGuidance>
<category>

3 <id>01</ id>
<name>In t roduc t i on</name>

5 <paper idp=" 01 ">
<id_p>01</ id_p>

7 <t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

9 <d e s c r i p t i o n>1.1 − 1.5 chapter s . In which we t r y to exp la in why we cons ider
a r t i f i c i a l i n t e l l i g e n c e to be a s u b j e c t most worthy of study , and in which we t r y to decide what

11 e x a c t l y i t i s , t h i s being a good th ing to decide before embarking </ d e s c r i p t i o n>
<keywords>A r t i f i c i a l I n t e l l egence , in t roduc t ion , h i s t o r y</keywords>

13 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t i on /show? pid=101436254\&amp; kid=b i b l i o </ u r l>
<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>

15 <type>Textbook</ type>
<date>2010</ date>

17 </ paper>
<paper idp=" 02 ">

19 <id_p>02</ id_p>
<t i t l e>A r t i f i c i a l i n t e l l i g e n c e</ t i t l e>

21 <author>From Wikipedia , the f r e e encyc lopedia</ author>
<d e s c r i p t i o n>Ths a r t i c l e i s i n t roduc t i on in AI . I t cons ide r s the main problems of AI ,

23 b r i e f h i s t o t y of AI , approaches , t o o l s and a p p l i c a t i o n s . </ d e s c r i p t i o n>
<keywords>A r t i f i c i a l i n t e l l i g e n c e , In t roduc t i on</keywords>

25 <u r l>h t t p : //en . wik ipedia . org / wiki / A r t i f i c i a l _ i n t e l l i g e n c e</ u r l>
<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>

27 <type>wiki</ type>
<date />

29 </ paper>
<paper idp=" 03 ">

31 <id_p>03</ id_p>
<t i t l e>A ( Very ) B r i e f H i s to ry of A r t i f i c i a l I n t e l l i g e n c e</ t i t l e>

33 <author>Bruce G. Buchanan</ author>
<d e s c r i p t i o n>In t h i s b r i e f h i s to ry , the beginnings of a r t i ? c i a l

35 n t e l l i g e n c e are t raced to philosophy , f i c t i o n , and imaginat ion . Ear ly inven t i ons in e l e c t r o n i c s ,
engineer ing , and many other d i s c i p l i n e s have in f luenced AI . Some e a r l y mi le s tones inc lude work in

37 problems s o l v i ng which inc luded bas i c work in
learn ing , knowledge represen ta t ion , and in f e r ence as wel l as demonstrat ion programs

39 in language understanding , t r a n s l a t i o n , theorem proving , a s s o c i a t i v e memory , and knowledge−based systems .
The a r t i c l e ends with a b r i e f examination of in ? u e n t i a l o rgan i za t i on s and cur ren t i s s u e s f a c ing the f i e l d .</ d e s c r i p t i o n>

41 <keywords>A r t i f i c i a l I n t e l l egence , H i s to ry</keywords>
<u r l>h t t p : //www. aaa i . org / AITopics / a s s e t s /PDF/AIMag26−04−016.pdf</ u r l>

43 <t e c h n i c a l L e v e l>Intermedia te Leve l</ t e c h n i c a l L e v e l>
<type>Journal paper</ type>

45 <date>2005</ date>
</ paper>

47 <paper idp=" 04 ">
<id_p>04</ id_p>

49 <t i t l e>WHAT IS ARTIFICIAL INTELLIGENCE?</ t i t l e>
<author>John McCarthy</ author>

51 <d e s c r i p t i o n>This a r t i c l e f o r the layman answers ba s i c ques t ions about a r t i f i c i a l i n t e l l i g e n c e .
The opin ions expressed here are not a l l consensus opinion among re sea r che r s in AI .</ d e s c r i p t i o n>

53 <keywords>A r t i f i c i a l i n t e l l i g e n c e , In t roduc t i on</keywords>
<u r l>h t t p : //www−formal . s t an fo rd . edu/ jmc/ what i sa i / what i sa i . html</ u r l>

55 <t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
<type>T u t o r i a l</ type>

57 <date>November 12 , 2007</ date>
</ paper>

59 </ category>
<category>

61 <id>02</ id>
<name>I n t e l l i g e n t Agents</name>
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63 <paper idp=" 05 ">
<id_p>05</ id_p>

65 <t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . </ t i t l e>
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

67 <d e s c r i p t i o n>2.1 − 2.5 chapter s . In which we d i s c u s s the nature of agents , p e r f e c t or otherwise ,
the d i v e r s i t y of enviroments , and the r e s u l t i n g menagere of agent types .</ d e s c r i p t i o n>

69 <keywords>I n t e l l i g e n t Agents , enviroments</keywords>
<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254\&amp; kid=b i b l i o </ u r l>

71 <t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
<type>Textbook</ type>

73 <date>2010</ date>
</ paper>

75 <paper idp=" 06 ">
<id_p>06</ id_p>

77 <t i t l e>I n t e l l i g e n t Agents</ t i t l e>
<author>John Loyd</ author>

79 <d e s c r i p t i o n>An agent i s an e n t i t y tha t r e c e i v e s percep t s from
the environment in which i t i s opera t ing and a p p l i e s a c t i o n s to the environment in order

81 to achieve i t s goa l s . The not ion of an agent prov ides a un i f y ing conceptual framework f o r
cur ren t re search in a r t i f i c i a l i n t e l l i g e n c e .

83 In these three l e c t u r e s , I w i l l in t roduce the ba s i c ideas of agents , de s c r i be some agent
a r c h i t e c t u r e s , and comment b r i e f l y on re l evan t p h i l o s o p h i c a l and h i s t o r i c a l i s s u e s .</ d e s c r i p t i o n>

85 <keywords>I n t e l l i g e n t Agents , enviroments</keywords>
<u r l>h t t p : // v i d e o l e c t u r e s . net / s s l l 0 9 _ l l o y d _ i n t a /</ u r l>

87 <t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
<type>Video l e c t u r e</ type>

89 <date>2010</ date>
</ paper>

91 <paper idp=" 07 ">
<id_p>07</ id_p>

93 <t i t l e>I n t e l l i g e n t agent</ t i t l e>
<author>From Wikipedia , the f r e e encyc lopedia</ author>

95 <d e s c r i p t i o n>The a r t i c l e p re sen t s the ba s i c in format ion about I n t e l l i g e n t Agents . </ d e s c r i p t i o n>
<keywords>I n t e l l i g e n t Agents</keywords>

97 <u r l>h t t p : //en . wik ipedia . org / wiki / I n t e l l i g e n t _ a g e n t</ u r l>
<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>

99 <type>wiki</ type>
<date />

101 </ paper>
<paper idp=" 08 ">

103 <id_p>08</ id_p>
<t i t l e>I s i t an Agent , or j u s t a Program? : A Taxonomy f o r Autonomous Agents</ t i t l e>

105 <author>Stan Frank l in and Art Graesser</ author>
<d e s c r i p t i o n>A b s t r a c t : The advent of sof tware agents gave r i s e to much

107 d i s c u s s i o n of j u s t what such an agent i s , and of how they d i f f e r from programs in genera l .
Here we propose a formal d e f i n i t i o n of an autonomous agent which c l e a r l y d i s t i n g u i s h e s a

109 sof tware agent from j u s t any program . We a l so o f f e r the beginnings of a na tu ra l k inds taxonomy
of autonomous agents , and d i s c u s s p o s s i b i l i t i e s f o r f u r t h e r c l a s s i f i c a t i o n . F ina l l y , we d i s c u s s

111 subagents and mult iagent systems .</ d e s c r i p t i o n>
<keywords>I n t e l l i g e n t Agents , Agent C l a s s i f i c a t i o n s</keywords>

113 <u r l>h t t p : //www. msci . memphis . edu/~f r a n k l i n / AgentProg . html</ u r l>
<t e c h n i c a l L e v e l>Intermedia te Leve l</ t e c h n i c a l L e v e l>

115 <type>Workshop paper</ type>
<date>1996</ date>

117 </ paper>
</ category>

119 <category>
<id>03</ id>

121 <name>Representa t ions</name>
<uni t>

123 <id>04</ id>
<name>Emotional Represen ta s t ions</name>

125 <paper idp=" 09 ">
<id_p>09</ id_p>

127 <t i t l e>On the r o l e of emotion in b i o l o g i c a l and r o b o t i c autonomy</ t i t l e>
<author>Tom Ziemke</ author>

129 <d e s c r i p t i o n>This paper reviews some of the d i f f e r e n c e s
between not ions of b i o l o g i c a l and r o b o t i c autonomy , and how these d i f f e r e n c e s

131 have been r e f l e c t e d in d i s c u s s i o n s of embodiment , grounding and other concepts in
AI and autonomous r o b o t i c s . Furthermore , the

133 r e l a t i o n s between homeostasis , emotion and embodied cogn i t i on are d i s cus sed as wel l
as recent proposa l s to model t h e i r i n t e r p l a y

135 in robots , which r e f l e c t s a commitment to a multi−t i e r e d a f f e c t i v e l y / emot iona l ly
embodied view of mind tha t takes organismic

137 embodiment more s e r i o u s than usua l l y done in b i o l o g i c a l l y i n s p i r e d r o b o t i c s .</ d e s c r i p t i o n>
<keywords>Autonomy ; Autopo ie s i s ; Cogn i t i ve r o b o t i c s ; Grounding ;

139 Homeostasis ; Embodied cogn i t i on ; Emotion ; Organismic embodiment</keywords>
<u r l>a r t i c l e /Tom Ziemke − 2008. pdf</ u r l>

141 <t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
<type>Research a r t i c l e</ type>

143 <date>May 31 , 2007</ date>
</ paper>

145 <paper idp=" 10 ">
<id_p>10</ id_p>

147 <t i t l e>Your Brain in Love</ t i t l e>
<author>S c i e n t i f i c American Magazine</ author>

149 <d e s c r i p t i o n>Cupid ’ s arrows , laced with neuro t ransmi t te r s , f i nd t h e i r marks</desc r i p t i on >
<keywords>Mind , brain </keywords>

151 <url>h t t p : //www. s c i e n t i f i c a m e r i c a n . com/ a r t i c l e . cfm? id=your−brain−in−love−graphsc i \&amp;WT. mc_id=SA_WR_20110217</url>
<techn i ca l Leve l >Intermedia te l eve l </te chn i ca l Leve l >

153 <type>Journal paper</type>
<date>February 14 , 2011</date>

155 </paper>
</unit>

157 <unit>
<id >05</id>

159 <name>Conceptual /Motor Representat ions </name>
<paper idp="11">

161 <id_p>11</id_p>
<t i t l e >How Language Shapes Thought</ t i t l e >

163 <author>Lera Borodi tsky </author>
<desc r ip t i on >The languages we speak a f f e c t our percep t ions of the world</desc r i p t i on >

165 <url>a r t i c l e / Conceptual Representa t ions . pdf</ur l>
<techn i ca l Leve l >Bas i c l e ve l </te chn i ca l Leve l >

167
<type>Journal paper</type>
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169 <date>January 20 , 2011</date>
</paper>

171 <paper idp="12">
<id_p>12</id_p>

173 <t i t l e >Novel Rock Detec t ion I n t e l l i g e n c e fo r Space Exp lora t ion
Based on Non−Symbolic Algor i thms and Concepts</ t i t l e >

175 <author>Sule Y i ld i r im , Ronald L . Beachel l , Henning Ve f l ings tad </author>
<desc r ip t i on >Future space exp lo ra t i on can u t i l i z e a r t i f i c i a l

177 i n t e l l i g e n c e as an i n t e g r a l par t of next generat ion space rover
technology to make the rover s more autonomous in performing miss ion o b j e c t i v e s . The main advantage of the

179 increased autonomy through a higher degree of i n t e l l i g e n c e i s tha t i t a l lows f o r g rea t e r u t i l i z a t i o n of rover re sources by
reducing the frequency of time consuming communications between rover and ear th . In t h i s paper , we propose a space

181 exp lo ra t i on a p p l i c a t i o n of our research on a non−symbol ic a lgor i thm and concepts model . This model i s based on one
of the most recent approaches of c o g n i t i v e s c i ence and a r t i f i c i a l i n t e l l i g e n c e research , a p a r a l l e l d i s t r i b u t e d proces s ing

183 approach . We use the Mars rovers , S p r i t and Opportunity , as a s t a r t i n g po int f o r proposing what rover s in the fu tu re
could do i f the presented model of non−symbol ic a lgor i thms and concepts i s embedded in a fu tu re space rover . The
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s t a t e s as more than j u s t l i t t l e b lack boxes leads to the invent ion of a range of powerful new

789 search methods and a deeeper understanding of problem s t r u c t u r e and complexi ty .</ d e s c r i p t i o n>
<keywords>Cons t ra in t S a t i s f a c t i o n Problems , Backt rack ing search f o r Cons t ra in t S a t i s f a c t i o n Problems</keywords>

791 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254\&amp; kid=b i b l i o </ u r l>
<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>

793 <type>Textbook</ type>
<date>2010</ date>

795 </ paper>
</ un i t>
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799 <id>16</ id>
<name>Logic</name>

801 <uni t>
<id>17</ id>

803 <name>Knowledge−Based Agents and Logic in General</name>
<paper idp=" 45 ">

805 <id_p>45</ id_p>
<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>

807 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n>7.1 − 7.5 chapter . In which we design agents

809 tha t can form r e p r e s e n t a t i o n s of a complex world , use a process of in f e r ence
to der ive new r e p r e s e n t a t i o n s about the world , and use

811 these new r e p r e s e n t a t i o n s to deduce what to do .</ d e s c r i p t i o n>
<keywords>Knowledge−Based Agents , The Wumpus World , Logic ,

813 Models , Entai lement , P r o p o s i t i o n a l Logic , Equivalence , V a l i d i t y , S a t i s f i a b i l i t y , LOUIS Theorem Prover</keywords>
<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254\&amp; kid=b i b l i o </ u r l>

815 <t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
<type>Textbook</ type>

817 <date>2010</ date>
</ paper>

819 <paper idp=" 46 ">
<id_p>46</ id_p>

821 <t i t l e>In t roduc t i on to l o g i c</ t i t l e>
<author>Alwen Tiu</ author>

823 <d e s c r i p t i o n>This video l e c t u r e i s an in t roduc t i on to l o g i c .
In the f i r s t par t i t cover p r o p o s i t i o n a l l og i c , equivalence , v a l i d i t y , s a t i s f i a b i l i t y .</ d e s c r i p t i o n>

825 <keywords>P r o p o s i t i o n a l Logic , Equivalence , V a l i d i t y , S a t i s f i a b i l i t y</keywords>
<u r l>h t t p : // v i d e o l e c t u r e s . net / s s l l 0 9 _ t i u _ i n t l o /</ u r l>

827 <t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
<type>Video l e c t u r e</ type>

829 <date>A p r i l 1 , 2009</ date>
</ paper>
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835 <paper idp=" 47 ">
<id_p>47</ id_p>

837 <t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

839 <d e s c r i p t i o n>7.5 − 7.7 chapter . In which we design agents
tha t can form r e p r e s e n t a t i o n s of a complex world , use a process of i n f e r ence

841 to der ive new r e p r e s e n t a t i o n s about the world , and use these
new r e p r e s e n t a t i o n s to deduce what to do .</ d e s c r i p t i o n>

843 <keywords>Theorem Proving , In ference , Proofs , Resolut ion , Forward
chaining , Backward chain ing</keywords>

845 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t i on /show? pid=101436254\&amp; kid=b i b l i o </ u r l>
<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>

847 <type>Textbook</ type>
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849 </ paper>
<paper idp=" 48 ">

851 <id_p>48</ id_p>
<t i t l e>In t roduc t i on to l o g i c</ t i t l e>

853 <author>Alwen Tiu</ author>
<d e s c r i p t i o n>This video l e c t u r e i s an in t roduc t i on to l o g i c .

855 In the f i r s t par t i t cover l o g i c in f e r ence r u l e s and theorem proving .</ d e s c r i p t i o n>
<keywords>Logic In fe rence Rules , Theorem Proving</keywords>

857 <u r l>h t t p : // v i d e o l e c t u r e s . net / s s l l 0 9 _ t i u _ i n t l o /</ u r l>
<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>

859 <type>Video l e c t u r e</ type>
<date>A p r i l 1 , 2009</ date>
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865 <name> F i r s t Order Logic − FOL</name>
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<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>

869 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n>8.1 − 8.3 , 8.5 chapter . In which we no t i c e

871 tha t the world i s b le s sed with many ob jec t s , some of which are r e l a t e d to other
ob jec t s , and in which we endeavor to reason about them . </ d e s c r i p t i o n>

873 <keywords>F i r s t Order Logic , Wumpus world in FOL , Syntax and semant ics of FOL</keywords>
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881 <t i t l e>In t roduc t i on to l o g i c</ t i t l e>
<author>Alwen Tiu</ author>

883 <d e s c r i p t i o n>This video l e c t u r e i s an in t roduc t i on to l o g i c . In second par t i t cover f i r s t order .</ d e s c r i p t i o n>
<keywords>Logic In fe rence Rules , Theorem Proving</keywords>
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<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
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<date>A p r i l 1 , 2009</ date>

889 </ paper>
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893 <name> In fe rence in FOL </name>
<paper idp=" 51 ">

895 <id_p>51</ id_p>
<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>

897 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n> 9 chapter . In which we def ine e f f e c t i v e procedures f o r answering ques t ions posed in FOL . </ d e s c r i p t i o n>

899 <keywords>F i r s t Order Logic , Logic programming</keywords>
<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254\&amp; kid=b i b l i o </ u r l>

901 <t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
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903 <date>2010</ date>
</ paper>
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905 </ un i t>
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909 <id>21</ id>
<paper idp=" 52 ">

911 <id_p>52</ id_p>
<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>

913 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n> 10 chapter . In which we see how an agent can take advantage of the s t r u c t u r e of a prblem to

915 cons t ruc t complex plans ac t i on .</ d e s c r i p t i o n>
<keywords>Planning , Forward planning , H e u r i s t i c s , P a r t i a l−Order Planning </keywords>

917 <u r l> h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254\&amp; kid=b i b l i o </ u r l>
<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
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<date>2010</ date>

921 </ paper>
<paper idp=" 53 ">

923 <id_p>53</ id_p>
<t i t l e>Motion planning of mul t ip l e agents in v i r t u a l environments</ t i t l e>

925 <author>Yi L i</ author>
<d e s c r i p t i o n>Desc r ibes and demonstrates in s imula t ion the use of coord ina t ion graphs to avoid c o l l i s i o n s of mul t ip l e

agents in t a s k s r eq u i r i n g motion of mul t ip l e agents .</ d e s c r i p t i o n>
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</ paper>
933 <paper idp=" 54 ">

<id_p>54</ id_p>
935 <t i t l e>A r t i f i c i a l I n t e l l i g e n c e Planning</ t i t l e>

<author>J u s s i Rintanen</ author>
937 <d e s c r i p t i o n>The course pre sen t s the most important

approaches to s t a t e space t r a v e r s a l used in planning , inc lud ing techniques based on
939 p r o p o s i t i o n a l s a t i s f i a b i l i t y t e s t i n g , h e u r i s t i c s t a t e−space search , and log i c−based data

s t r u c t u r e s l i k e b inary dec i s i on diagrams . The main a p p l i c a t i o n s of these techniques in
941 c l a s s i c a l planning and in more complex forms of planning i s d i s cus sed .</ d e s c r i p t i o n>

<keywords>Planning , P r o p o s i t i o n a l S a t i s f i a b i l i t y Test ing , H e u r i s t i c State−Space Search </keywords>
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953 <id_p>55</ id_p>

<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
955 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

<d e s c r i p t i o n> 12 chapter . In which we show to use
957 f i r s t−order l o g i c to repre sen t the most important

a spec t s of the r e a l world , such as act ion , space ,
959 time , thoughts , and shopping .</ d e s c r i p t i o n>

<keywords> Onto log i ca l Engineering , Categor ies , S i t u a t i o n Calculus , Event Calculus , Semantic Networks</keywords>
961 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254\&amp; kid=b i b l i o </ u r l>

<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
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965 </ paper>
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967 <id_p>56</ id_p>

<t i t l e>Knowledge Representa t ion and Reasoning</ t i t l e>
969 <author>Maurice Pagnucco</ author>

<d e s c r i p t i o n>Research in knowledge rep re s en ta t i on and
971 reasoning has a long h i s t o r y in a r t i f i c i a l i n t e l l i g e n c e and log i c−based approaches

have played a major par t in the f i e l d s development . In t h i s course we w i l l survey
973 log i c−based in KRR from non−monotonic l o g i c s though to d e s c r i p t i o n l o g i c s and the semantic web .</ d e s c r i p t i o n>

<keywords>Knowledge represen ta t ion , Des c r i p t i on log i c , Ontology </keywords>
975 <u r l>h t t p : // v i d e o l e c t u r e s . net / s s l l09_pagnucco_kr r /</ u r l>

<t e c h n i c a l L e v e l>Intermedia te l e v e l</ t e c h n i c a l L e v e l>
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<paper idp=" 57 ">
981 <id_p>57</ id_p>

<t i t l e>Design and Implementation of Semantic Enhance Soc ia l−Aware User P r o f i l e </ t i t l e>
983 <author>Z . Iqbal , J . Noll , S . Alam , M. Chowdbury</ author>

<d e s c r i p t i o n>This paper proposes a semantic enhance
985 s o c i a l−aware user p r o f i l e to address the i s s u e s of captur ing and modeling user

in format ion fo r per sona l i zed s e r v i c e s and content s . We a l so i d e n t i f y des ign requirements
987 fo r user−c e n t r i c p r o f i l e to enhance i t s a p p l i c a b i l i t y in d i f f e r e n t domains and usage s cena r i o s .

In addi t ion , the paper a l so prov ides the ref inement a lgor i thm to conf ine the user p r o f i l e to most
989 recu r r en t p re fe rences . We use a p o l i c y base approach to ensure user p r i vacy and author i ze shar ing of

p r o f i l e in format ion with t h i r d p a r t i e s . We formal l y repre sen t au tho r i za t i on p o l i c i e s by e x p l o i t i n g
991 Semantic Web Rule Language . The paper a l so prov ides eva lua t ion of the proposed ontology by comparing

i t with the s e l e c t e d e x i s t i n g user p r o f i l e on to log i e s .</ d e s c r i p t i o n>
993 <keywords>User P r o f i l e , Semantic Web, Ontology</keywords>

<u r l>h t t p : // i eeexp lo re . i eee . org / xpl / f r e e a b s _ a l l . j s p ?arnumber=5610630</ u r l>
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<type>Conference paper</ type>
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1001 <t i t l e>Towards user−c e n t r i c pr ivacy−aware user p r o f i l e ontology fo r fu tu re s e r v i c e s</ t i t l e>

<author>Z . Iqbal , J . Noll , S . Alam , M. Chowdbury</ author>
1003 <d e s c r i p t i o n>P e r s o n a l i z a t i o n i s one of the key f e a t u r e s of the fu tu re I n t e r n e t .

However , the succes s of per sona l i zed s e r v i c e s mostly r e l i e s on user p r o f i l e s . Therefore , a gener ic , shareable ,
1005 and reusab le user p r o f i l e i s c r u c i a l f o r s e r v i c e prov ide r s f o r the uptake of per sona l i zed s e r v i c e s .

This paper proposes a user−c e n t r i c p e r s o n a l i z a t i o n approach . The core of t h i s approach
1007 i s a user−c e n t r i c user p r o f i l e where user i s in the cente r and exper ience perce ived con t ro l

over h i s in format ion . We use Ontology Web Language (OWL−DL) to formal l y repre sen t user
1009 re l evan t in format ion in ontology . We present p r o f i l e and pr i vacy enhancement mechanism
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to in c r ea se p r o f i l e a p p l i c a b i l i t y and user pr i vacy r e s p e c t i v e l y . The paper a l so o f f e r s
1011 a p o l i c y based approach to ensure author ized acces s of user p r o f i l e s among t h i r d p a r t i e s .

Furthermore , we formal l y repre sen t au tho r i za t i on p o l i c i e s by e x p l o i t i n g Semantic Web Rule
1013 Language (SWRL) and eva lua te p o l i c i e s by employing Semantic Query Enhanced Web Rule Language (SQWRL) .</ d e s c r i p t i o n>
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<paper idp=" 59 ">
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<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
1027 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

<d e s c r i p t i o n> 22 chapter . In wich we see how to make use
1029 of the copious knowledge tha t i s expressed in na tura l language .</ d e s c r i p t i o n>

<keywords> Language Models , In format ion Ex t r a c t i o n</keywords>
1031 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254\&amp; kid=b i b l i o </ u r l>

<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
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<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
1039 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

<d e s c r i p t i o n> 23 chapter . In which we see how humans
1041 communicate with one another in na tura l language , and how computar agents might j o i n in the conver sa t ion .</ d e s c r i p t i o n>

<keywords>Phrase S t ruc tu re Grammars , Pars ing , Augmented Grammars , Machine Trans la t ion , Speech Recogni t ion</keywords>
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<t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>
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<t i t l e>A Neurosemantic Theory of Concrete Noun Representa t ion Based on the Underlying Brain Codes</ t i t l e>
1051 <author></ author>

<d e s c r i p t i o n>This a r t i c l e d e s c r i b e s the d i s cove ry of a s e t of b i o l o g i c a l l y−dr iven semantic
1053 dimensions under ly ing the neural r ep re s en ta t i on of concre te nouns , and then demonstrates how

a r e s u l t i n g theory of noun rep re sen ta t i on can be used to i d e n t i f y s imple thoughts through t h e i r
1055 fMRI pa t t e rn s . We use f a c t o r a n a l y s i s of fMRI bra in imaging data to revea l the b i o l o g i c a l

r ep re s en ta t i on of i n d i v i d u a l concre te nouns l i k e apple , in the absence of any p i c t o r i a l
1057 s t i m u l i . From t h i s a n a l y s i s emerge three main semantic f a c t o r s underpinning the neural

r ep re s en ta t i on of nouns naming p h y s i c a l ob j ec t s , which we l a b e l manipulation , s h e l t e r , and
1059 ea t ing . Each f a c t o r i s neura l l y represented in 3−4 d i f f e r e n t bra in l o c a t i o n s tha t correspond

to a c o r t i c a l network tha t co−a c t i v a t e s in non−l i n g u i s t i c tasks , such as t o o l use pantomime
1061 fo r the manipulat ion f a c t o r . Severa l converging methods , such as the use of behav io ra l r a t i n g s

of word meaning and t e x t corpus c h a r a c t e r i s t i c s , provide independent evidence of the c e n t r a l i t y
1063 of these f a c t o r s to the r e p r e s e n t a t i o n s . The f a c t o r s are then used with machine

l ea rn ing c l a s s i f i e r techniques to show tha t the fMRI−measured bra in r ep re sen ta t i on of an
1065 i n d i v i d u a l concre te noun l i k e apple can be i d e n t i f i e d with good accuracy from among 60

candidate words , us ing only the fMRI a c t i v i t y in the 16 l o c a t i o n s a s s o c i a t ed with these f a c t o r s .
1067 To f u r t h e r demonstrate the g e n e r a t i v i t y of the proposed account , a theory−based model

i s developed to p r e d i c t the bra in a c t i v a t i o n pa t t e rn s f o r words to which the algor i thm has
1069 not been prev iou s l y exposed . The methods , f ind ings , and theory c o n s t i t u t e a new approach of

us ing bra in a c t i v i t y f o r understanding how o b j e c t concepts are represented
1071 in the mind .</ d e s c r i p t i o n>
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<t i t l e>Multi−Sgent System</ t i t l e>
1085 <author>From Wikipedia , the f r e e encyc lopedia</ author>

<d e s c r i p t i o n>The a r t i c l e p re sen t s the ba s i c in format ion about Multi−agent system .</ d e s c r i p t i o n>
1087 <keywords>Multi−Agent System , Proper t i e s , A p p l i c a t i o n s in the r e a l world</keywords>

<u r l>h t t p : //en . wik ipedia . org / wiki / Multi−agent_system</ u r l>
1089 <t e c h n i c a l L e v e l>Bas i c l e v e l</ t e c h n i c a l L e v e l>

<type>wiki</ type>
1091 <date />

</ paper>
1093 <paper idp=" 63 ">

<id_p>63</ id_p>
1095 <t i t l e>P r i o r i t i z e d Mul t ihypothes i s Tracking by a Robot with Limited Sensing</ t i t l e>

<author>Paul E . Rybski and Manuela M. Veloso</ author>
1097 <d e s c r i p t i o n>To ac t i n t e l l i g e n t l y in dynamic environments , mobile robots must es t imate o b j e c t p o s i t i o n s using

in format ion obtained from a
v a r i e t y of sources . We formal ly de s c r i be the problem of es t imat ing the s t a t e

1099 of o b j e c t s where a robot can only ta sk i t s sensor s to
view one o b j e c t a t a time . We con t r i bu t e an o b j e c t t r a ck ing method tha t generates

1101 and maintains mul t ip l e hypotheses c o n s i s t i n g of
p r o b a b i l i s t i c s t a t e e s t imate s tha t are generated by the i n d i v i d u a l in format ion

1103 sources . These d i f f e r e n t hypotheses can be generated
by the robot ’ s own p r e d i c t i o n model and by communicating robot team members .

1105 The mul t ip l e hypotheses are o f ten s p a t i a l l y
d i s j o i n t and cannot s imul taneous ly be v e r i f i e d by the robot ’ s l i m i t e d sensor s .

1107 Instead , the robot must decide towards which
hypothes i s i t s sensor s should be tasked by eva lua t ing each hypothes i s on i t s

1109 l i k e l i h o o d of conta in ing the o b j e c t . Our cont r ibu ted
algor i thm p r i o r i t i z e s the d i f f e r e n t hypotheses , according to rankings s e t by the

1111 expected unce r t a in t y in the o b j e c t ’ s motion model ,
as wel l as the u n c e r t a i n t i e s in the sources of in format ion used to t r a ck t h e i r

1113 p o s i t i o n s . We desc r i be the algor i thm in d e t a i l and
show ex tens i ve emp i r i ca l r e s u l t s in s imula t ion as wel l as experiments on ac tua l
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1115 robots tha t demonstrate the e f f e c t i v e n e s s of our
approach .</ desc r ip t i on >

1117 <keywords>Target de te c t i on , Performance eva lua t ion , Simulat ion , Algorithm , Informat ion source , S ta te es t imat ion ,
P r o b a b i l i s t i c approach , Object de te c t i on , Robot ics , Moving robot , Target t rack ing </keywords>

<url>h t t p : //www. r i . cmu . edu/ p u b _ f i l e s /2009/1/09 euras ip−s i gna l−proc−prybsk i . pdf</ur l>
1119 <techn i ca l Leve l >Intermedia te l eve l </te chn i ca l Leve l >

<type>Research A r t i c l e </type>
1121 <date >2009</date>

</paper>
1123 <paper idp="64">

<id_p>64</id_p>
1125 <t i t l e >Motion planning of mul t ip l e agents in v i r t u a l environments </ t i t l e >

<author>Yi Li </author>
1127 <desc r i p t i on >Desc r ibes and demonstrates in s imula t ion

the use of coord ina t ion graphs to avoid c o l l i s i o n s of mul t ip l e agents in t a s k s r eq u i r i n g motion of mul t ip l e agents .</
des c r i p t i on >

1129 <keywords>Motion Planning , Mul t ip le Agents , V i r t u a l Environments</keywords>
<url>h t t p : // v i d e o l e c t u r e s . net /aaai07_li_mpma/</url>

1131 <techn i ca l Leve l >Bas i c l e ve l </te chn i ca l Leve l >
<type>Denonstrat ion video </type>

1133 <date> July 3 , 2007</date>
</paper>

1135 </category>
</Repos i toryForPersonal izedGuidance>

A.2 Repository of Personalized Learning Activities Approach

A.2.1 DTD Schema of XML File for Personalized Learning Activities Approach

<!DOCTYPE Repos i toryForPersonal izedGuidance [
2

<!ELEMENT category ( id , name , paper+)>
4 <!ELEMENT name (#PCDATA)>

<!ELEMENT LO ( id , t i t l e , author , de s c r i p t i on , keywords , ur l , type , date )>
6 <!ELEMENT id (#PCDATA)>

<!ELEMENT t i t l e (#PCDATA)>
8 <!ELEMENT author (#PCDATA)>

<!ELEMENT d e s c r i p t i o n (#PCDATA)>
10 <!ELEMENT keywords (#PCDATA)>

<!ELEMENT u r l (#PCDATA)>
12 <!ELEMENT type (#PCDATA)>

<!ELEMENT date (#PCDATA)>
14

<! ATTLIST paper id CDATA #REQUIRED>
16

]>

A.2.2 XML File for Personalized Learning Activities Approach

1 <Repos i to ryForPe r sona l i zedLea rn ingS ty l e s>
<category>

3 <name>In t roduc t i on</name>
<id>01</ id>

5 <LO id=" 01 ">
<id>01</ id>

7 <t i t l e>A r t i f i c i a l I n t e l l i g e n c e</ t i t l e>
<author>Sule Y i l d i r i m</ author>

9 <d e s c r i p t i o n></ d e s c r i p t i o n>
<keywords>A r t i f i c i a l I n t e l l i g e n c e , His tory , Ra t iona l Agent</keywords>

11 <u r l>s l i d e s /L1−i n t r o . ppt</ u r l>
<type>Lecture notes</ type>

13 <date>January 10 , 2011</ date>
</LO>

15 <LO id=" 02 ">
<id>02</ id>

17 <t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

19 <d e s c r i p t i o n>1.1 − 1.5 chapter s . In which we t r y to exp la in why we cons ider a r t i f i c i a l i n t e l l i g e n c e to be a s u b j e c t most
worthy of study , and in which we t r y to decide what e x a c t l y i t i s , t h i s being a good th ing to decide before

embarking </ d e s c r i p t i o n>
<keywords>A r t i f i c i a l I n t e l l egence , in t roduc t ion , h i s t o r y</keywords>

21 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t i on /show? pid=101436254&amp; kid=b i b l i o </ u r l>
<type>Text</ type>

23 <date>2010</ date>
</LO>

25 <LO id=" 03 ">
<id>03</ id>

27 <t i t l e>His to ry of A r t i f i c i a l I n t e l l i g e n c e</ t i t l e>
<author>From ThinkQuest</ author>

29 <d e s c r i p t i o n>The app le t i s a t imel ine , tha t shows a h i s t o r y of a r t i f i c i a l i n t e l l i g e n c e . </ d e s c r i p t i o n>
<keywords>Timeline , A r t i f i c i a l I n t e l l i g e n c e , H i s to ry </keywords>

31 <u r l>h t t p : // l i b r a r y . th inkques t . org /05aug/01265/</ u r l>
<type>Applet</ type>

33 <date />
</LO>

35 </ category>
<category>

37 <name>I n t e l l i g e n t Agents</name>
<id>02</ id>

39 <LO id=" 04 ">
<id>04</ id>

41 <t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

43 <d e s c r i p t i o n>2.1 − 2.5 chapter s . In which we d i s c u s s the nature of agents , p e r f e c t or otherwise , the d i v e r s i t y of
enviroments , and the r e s u l t i n g menagere of agent types .</ d e s c r i p t i o n>

<keywords>I n t e l l i g e n t Agents , enviroments</keywords>
45 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t i on /show? pid=101436254&amp; kid=b i b l i o </ u r l>

<type>Text</ type>
47 <date>2010</ date>
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</LO>
49 <LO id=" 05 ">

<id>05</ id>
51 <t i t l e>I n t e l l i g e n t Agents</ t i t l e>

<author>John Lloyd</ author>
53 <d e s c r i p t i o n>An agent i s an e n t i t y tha t r e c e i v e s percep t s from the environment in which i t i s opera t ing and a p p l i e s

a c t i o n s to the environment in order to achieve i t s goa l s . The not ion of an agent prov ides a un i f y ing conceptual
framework fo r cur ren t research in a r t i f i c i a l i n t e l l i g e n c e .

In these three l e c t u r e s , I w i l l in t roduce the ba s i c ideas of agents , de s c r i be some agent a r c h i t e c t u r e s , and comment b r i e f l y on
re l evan t p h i l o s o p h i c a l and h i s t o r i c a l i s s u e s .</ d e s c r i p t i o n>

55 <keywords>I n t e l l i g e n t Agents , enviroments</keywords>
<u r l>h t t p : // v i d e o l e c t u r e s . net / s s l l 0 9 _ l l o y d _ i n t a /</ u r l>

57 <type>Video</ type>
<date>2010</ date>

59 </LO>
<LO id=" 06 ">

61 <id>06</ id>
<t i t l e>I n t e l l i g e n t Agents</ t i t l e>

63 <author>Sule Y i l d i r i m</ author>
<d e s c r i p t i o n>Out l i ne : Agents and environments ; R a t i o n a l i t y ; PEAS ( Performance measure , Environment , Actuators , Sensors )

65 Environment types ; Agent types</ d e s c r i p t i o n>
<keywords>Agents , Environments , Agent Types</keywords>

67 <u r l>s l i d e s /L2−agents . ppt</ u r l>
<type>Lecture notes</ type>

69 <date>January 13 , 2011</ date>
</LO>

71 <LO id=" 07 ">
<id>07</ id>

73 <t i t l e>Vacuum Demo</ t i t l e>
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

75 <d e s c r i p t i o n>A simple g raph i ca l a p p l i c a t i o n fo r experiments with vacuum c leaner agents . I t demonstrates d i f f e r e n t agents
desc r ibed in chapter two of A r t i f i c i a l I n t e l l i g e n c e a Modern Approach (AIMA3e) . The red − pac man l i k e − cha rac t e r
r ep re sen t s an agent p lay ing the r o l e of an i n t e l l i g e n t vacuum . The squares (A and B) repre sen t the d i f f e r e n t t i l e s
in the Agents environment . A c lean t i l e i s co lored white while a d i r t y t i l e i s co lored gray . The goal f o r the Agent

i s to ensure a l l t i l e s are c lean .</ d e s c r i p t i o n>
<keywords>Agent , Animation , Vacuum Cleaner Agent</keywords>

77 <u r l>h t t p : //www. a i . s r i . com/~ o r e i l l y / aima3ejava /aima−gui−VacuumApp . j n l p</ u r l>
<type>Applet</ type>

79 <date>2010</ date>
</LO>

81 <LO id=" 08 ">
<id>08</ id>

83 <t i t l e>Java implementation of a lgor i thms</ t i t l e>
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

85 <d e s c r i p t i o n>Implemented Algor i thms are descr ibed in chapter 2 of A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . Thiord
Ed i t i on</ d e s c r i p t i o n>

<keywords>Environment , Agent , Table−Driven−Vacuum−Agent , Ref lex−Vacuum−Agent , Simple−Reflex−Agent , Model−Based−Reflex−
Agent</keywords>

87 <u r l>h t t p : // code . google . com/p/aima−j ava /</ u r l>
<type>Example</ type>

89 <date>2010</ date>
</LO>

91 </ category>
<category>

93 <id>03</ id>
<name>Representa t ion</name>

95 <uni t>
<id>04</ id>

97 <name>Emotional Repre sen ta s t i ons</name>
<LO id=" 09 ">

99 <id>09</ id>
<t i t l e>On the r o l e of emotion in b i o l o g i c a l and r o b o t i c autonomy</ t i t l e>

101 <author>Tom Ziemke</ author>
<d e s c r i p t i o n>This paper reviews some of the d i f f e r e n c e s between not ions of b i o l o g i c a l and r o b o t i c autonomy , and how

these d i f f e r e n c e s
103 have been r e f l e c t e d in d i s c u s s i o n s of embodiment , grounding and other concepts in AI and autonomous r o b o t i c s . Furthermore , the

r e l a t i o n s between homeostasis , emotion and embodied cogn i t i on are d i s cus sed as wel l as recent proposa l s to model t h e i r i n t e r p l a y
105 in robots , which r e f l e c t s a commitment to a multi−t i e r e d a f f e c t i v e l y / emot iona l ly embodied view of mind tha t takes organismic

embodiment more s e r i o u s than usua l l y done in b i o l o g i c a l l y i n s p i r e d r o b o t i c s .</ d e s c r i p t i o n>
107 <keywords>Autonomy ; Autopo ie s i s ; Cogn i t i ve r o b o t i c s ; Grounding ; Homeostasis ; Embodied cogn i t i on ; Emotion ; Organismic

embodiment</keywords>
<u r l>a r t i c l e /Tom Ziemke − 2008. pdf</ u r l>

109 <type>Text</ type>
<date>May 31 , 2007</ date>

111 </LO>
<LO id=" 10 ">

113 <id>10</ id>
<t i t l e>Your Brain in Love</ t i t l e>

115 <author>S c i e n t i f i c American Magazine</ author>
<d e s c r i p t i o n>Cupid ’ s arrows , laced with neuro t ransmi t te r s , f i nd t h e i r marks</desc r i p t i on >

117 <keywords>Mind , brain </keywords>
<url>h t t p : //www. s c i e n t i f i c a m e r i c a n . com/ a r t i c l e . cfm? id=your−brain−in−love−graphsc i&amp;WT. mc_id=SA_WR_20110217 </url>

119 <type>Text</type>
<date>February 14 , 2011</date>

121 </LO>
</unit>

123 <unit>
<id >05</id>

125 <name>Conceptual /Motor Representat ions </name>
<LO id="11">

127 <id >11</id>
<t i t l e >How Language Shapes Thought</ t i t l e >

129 <author>Lera Borodi tsky </author>
<desc r ip t i on >The languages we speak a f f e c t our percep t ions of the world</desc r i p t i on >

131 <url>a r t i c l e / Conceptual Representa t ions . pdf</ur l>
<type>Text</type>

133 <date>January 20 , 2011</date>
</LO>

135 <LO id="12">
<id >12</id>

137 <t i t l e >Novel Rock Detec t ion I n t e l l i g e n c e fo r Space Exp lora t ion
Based on Non−Symbolic Algor i thms and Concepts</ t i t l e >

139 <author>Sule Y i ld i r im , Ronald L . Beachel l , Henning Ve f l ings tad </author>
<desc r ip t i on >Future space exp lo ra t i on can u t i l i z e a r t i f i c i a l i n t e l l i g e n c e as an i n t e g r a l par t of next generat ion space

rover
141 technology to make the rove r s more autonomous in performing miss ion o b j e c t i v e s . The main advantage of the
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inc reased autonomy through a higher degree of i n t e l l i g e n c e i s tha t i t a l lows f o r g rea t e r u t i l i z a t i o n of rover re sources by
143 reducing the frequency of time consuming communications between rover and ear th . In t h i s paper , we propose a space

exp lo ra t i on a p p l i c a t i o n of our research on a non−symbol ic a lgor i thm and concepts model . This model i s based on one
145 of the most recent approaches of c o g n i t i v e s c i ence and a r t i f i c i a l i n t e l l i g e n c e research , a p a r a l l e l d i s t r i b u t e d proces s ing

approach . We use the Mars rovers , S p r i t and Opportunity , as a s t a r t i n g point f o r proposing what rove r s in the fu tu re
147 could do i f the presented model of non−symbol ic a lgor i thms and concepts i s embedded in a fu tu re space rover . The

chosen space exp lo ra t i on a p p l i c a t i o n f o r t h i s paper , novel rock detec t ion , i s only one of many p o t e n t i a l space
149 exp lo ra t i on a p p l i c a t i o n s which can be optimized ( through reduct ion of the frequency of rover−ear th communications ,

c o l l e c t i o n and t ransmi s s ion of only data tha t i s d i s t i n c t i v e / novel ) through the use of a r t i f i c i a l i n t e l l i g e n c e technology
151 compared to e x i s t i n g approaches . </desc r i p t i on >

<keywords>Space Rover , Novel Rock Detect ion , A r t i f i c i a l I n t e l l i g e n c e , Non−Symbolic Algor i thms and Concepts ,
153 Connectionism</keywords>

<url>a r t i c l e /STAIF+2007_ Y i l d i r i m _ B e a c h e l l _ V e f l i n g s t a d . pdf</url>
155 <type>Text</type>

<date >2007</date>
157 </LO>

<LO id="13">
159 <id >13</id>

<t i t l e >The Mind Agents in Netlogo 3.1</ t i t l e >
161 <author>Sule Y i ld i r im , Gregory L . Dam, James C . Houk</author>

<desc r ip t i on >In [Houk , 2005] , " the Agents of the mind " idea i s proposed as a s u i t a b l e framework fo r s tudy ing the
dynamics and comp lex i t i e s of mind . " Agents of the mind " i s i n s p i r e d by the s o c i e t y of mind idea of Marvin Minsky
[ Minsky , 1988]. According to the s o c i e t y of mind , the mind i s a complex system . The mind agents are e l u s i v e to
i d e n t i f y . The mind i s proposed as a h ie ra rchy of agents . The higher h ie ra rchy agents compose of lower h ie ra rchy
agents . Higher l e v e l agents do not command lower l e v e l agents but they b a s i c a l l y t r i g g e r or invoke lower l e v e l
agents . Agents are f u n c t i o n a l e n t i t i e s and they i n t e r a c t with each other . One important par t of the s o c i e t y of
mind idea i s tha t agents a t the lowest l e v e l are the r e a l workers . Higher l e v e l f u n c t i o n a l i t i e s emerge as a
r e s u l t of the func t i on ing of the lower l e v e l agents and the i n t e r a c t i o n s between them .

163 In agents of the mind pro j ec t , computat ional d i s t r i b u t e d proces s ing modules (DPM) are pos i t ed f o r corresponding anatomica l ly
def ined assembl ie s and they are r e f e r r e d to as the agents of the mind . M1 i s an anatomical area in the c e r e b r a l co r tex
which produces vo luntary commands v ia i t s loops through basa l gang l ia and cerebel lum . M1−DPM i s a computat ional
d i s t r i b u t e d proces s ing module which s imula te s M1 area and i t s loops fo r vo luntary commands product ion . We use Netlogo
3.1 agent−based programming environment to i l l u m i n a t e the p r o p e r t i e s of mind . In t h i s work , the a t t r a c t o r network in
c e r e b e l l a r loop and the e f f e c t s of Purk in j e c e l l on product ion of motor commands have been s tud ied . The r e s u l t s are
repor ted in t h i s paper .</ desc r i p t i on >
<keywords>Mind agents , d i s t r i b u t e d proces s ing modules , computat ional microscop ic module</keywords>

165 <url>a r t i c l e /ADS2007_YILDIRIM_DAM_HOUK . pdf</ur l>
<type>Text</type>

167 <date >2007</date>
</LO>

169 </unit>
</category>

171 <category>
<name>Search I </name>

173 <id >06</id>
<LO id="14">

175 <id >14</id>
<t i t l e >Route Finding Agent</ t i t l e >

177 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</author>
<desc r i p t i on >An example of a route f i nd ing agent a p p l i c a t i o n . I t prov ides a demonstrat ion of the d i f f e r e n t agents / search

a lgor i thms descr ibed in chapter s three and four of AIMA3e , f o r t a c k l i n g route planning t a s k s with in s i m p l i f i e d map
based environments .</ des c r i p t i on >

179 <keywords/>
<url>h t t p : //www. a i . s r i . com/~ o r e i l l y / aima3ejava /aima−gui−RouteFindingAgentApp . jn lp </ur l>

181 <type>Applet </type>
<date >2010</date>

183 </LO>
<LO id="15">

185 <id >15</id>
<t i t l e >8−Puzzle Demo</ t i t l e >

187 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</author>
<desc r i p t i on >An example of the 8−puzzle , which c o n s i s t s of a 3x3 board with e igh t numbered t i l e s and a blank space . The

goal i s to reach the s p e c i f i e d goal s t a t e as d e t a i l e d in Figure 3.4 of AIMA3e ( depic ted l e f t ) . Prov ides a
demonstrat ion of the d i f f e r e n t search a lgor i thms descr ibed in chapter s three and four of AIMA3e . You can choose to
so l ve the problem y o u r s e l f by s e l e c t i n g t i l e s next to the empty square to which you want to move the empty square .

189 </desc r i p t i on >
<keywords/>

191 <url>h t t p : //www. a i . s r i . com/~ o r e i l l y / aima3ejava /aima−gui−RouteFindingAgentApp . jn lp </ur l>
<type>Applet </type>

193 <date >2010</date>
</LO>

195 <LO id="16">
<id >16</id>

197 <t i t l e >N−Queens Problem Demo</ t i t l e >
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</author>

199 <desc r i p t i on >The goal of the n−queens problem i s to p lace n queens on a chessboard such tha t no queen a t t a c k s any other (A
queen a t t a c k s any p iece in the same row , column or diagonal ) . Prov ides a demonstrat ion of the d i f f e r e n t search

a lgor i thms descr ibed in chapter s three and four of AIMA3e . You can choose to so l ve the problem y o u r s e l f by
s e l e c t i n g board p o s i t i o n s to where you wish to p lace Queens .

</desc r i p t i on >
201 <keywords/>

<url>h t t p : //www. a i . s r i . com/~ o r e i l l y / aima3ejava /aima−gui−NQueensApp . jn lp </ur l>
203 <type>Applet </type>

<date >2010</date>
205 </LO>

<LO id="17">
207 <id >17</id>

<t i t l e >Java implementation of a lgor i thms </ t i t l e >
209 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</author>

<desc r i p t i on >Implemented Algor i thms are descr ibed in chapter s 3 and 4 of A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .
Thiord Edi t ion </desc r i p t i on >

211 <keywords>Depth F i r s t ; Breadth F i r s t ; Depth Limited Search ; I t e r a t i v e Deepening ; A∗; H i l l Climbing ; Simulated Annealing </
keywords>

<url>h t t p : // code . google . com/p/aima−j ava/</url>
213 <type>Example</type>

<date >2010</date>
215 </LO>

<LO id="18">
217 <id >18</id>

<t i t l e >A B r i e f In t roduc t i on to Search in AI</ t i t l e >
219 <author>Jordan Thayer , Wheeler Ruml</author>

<desc r i p t i on >In t h i s video we present four fundamental h e u r i s t i c search a lgor i thms inc lud ing uniform cos t search , greedy
bes t f i r s t search , A∗ , and weighted A∗. We provide a b r i e f d e s c r i p t i o n and pseudo code fo r each algorithm , a f t e r
which we v i s u a l i z e i t s execut ion on a two−dimensional path−f i nd ing problem.</ desc r i p t i on >

221 <keywords>I n t e l l i g e n t Agents , Search , So lv ing problem by searching , Uninformed Search S t r a t e g i e s , Infromed Search
S t r a t e g i e s </keywords>
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<url>h t t p : // v i d e o l e c t u r e s . net / aaa i2010_thayer_b i s/</url>
223 <type>Video</type>

<date>September 1 , 2010</date>
225 </LO>

<LO id="19">
227 <id >19</id>

<t i t l e >Search and Games</ t i t l e >
229 <author>Adi Botea</author>

<desc r ip t i on >Search i s a major d i r e c t i o n in cur ren t AI research and a powerful s o l v i ng technology in a wide range of rea l−
l i f e problems . This course focuses on s ing le−agent search techniques . Pa th f ind ing in games i s used as an
a p p l i c a t i o n domain.</ desc r i p t i on >

231 <keywords>I n t e l l i g e n t Agents , Search , So lv ing problem by searching , Uninformed Search S t r a t e g i e s , Infromed Search
S t r a t e g i e s </keywords>

<url>h t t p : // v i d e o l e c t u r e s . net / s s l l 09_bo tea_ sag/</url>
233 <type>Video</type>

<date> A p r i l 1 , 2009</date>
235 </LO>

<LO id="20">
237 <id >20</id>

<t i t l e >A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach.</ t i t l e >
239 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</author>

<desc r ip t i on >3.1 − 3.7 chapter s . In which we see how an agent can f ind a sequence of a c t i o n s tha t ach ieves i t s goa l s when
no s i n g l e ac t i on w i l l do.</ desc r i p t i on >

241 <keywords>I n t e l l i g e n t Agents , Search , So lv ing problem by searching , Uninformed Search S t r a t e g i e s , Infromed Search
S t r a t e g i e s </keywords>

<url>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </url>
243 <type>Text</type>

<date >2010</date>
245 </LO>

<LO id="21">
247 <id >21</id>

<t i t l e >Example − Mouse King Problem</ t i t l e >
249 <author>Sule Y i ld i r im </author>

<d e s c r i p t i o n/>
251 <keywords/>

<url>s l i d e s / H e u r i s t i c s−Example−Mouse King Problem . ppt</ur l>
253 <type>Example</type>

<date> February 14 , 2011</date>
255 </LO>

<LO id="22">
257 <id >22</id>

<t i t l e >E x e r c i s e s 2.7 and 2 . 8 . A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . </ t i t l e >
259 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</author>

<d e s c r i p t i o n/>
261 <keywords/>

<url>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </url>
263 <type>Assignment</type>

<date >2010</date>
265 </LO>

<LO id="23">
267 <id >23</id>

<t i t l e >Assignment 1.</ t i t l e >
269 <author>Sule Y i ld i r im </author>

<d e s c r i p t i o n/>
271 <keywords/>

<url>a r t i c l e /Assignment1−AI−Spring2010 . doc </url>
273 <type>Assignment</type>

<date >2010</date>
275 </LO>

<LO id="24">
277 <id >24</id>

<t i t l e >Solv ing problems by searching </ t i t l e >
279 <author>Sule Y i ld i r im </author>

<desc r ip t i on >Out l i ne : Problem−so l v i n g agents ; Problem types ; Problem formulat ion ; Example problems ; Bas i c search
algor i thms </desc r i p t i on >

281 <keywords/>
<url>s l i d e s /L3−search . ppt</ur l>

283 <type>Lecture notes </type>
<date> January 31 , 2011</date>

285 </LO>
<LO id="25">

287 <id >25</id>
<t i t l e >Informed search a lgor i thms − bes t f i r s t search and A∗</t i t l e >

289 <author>Sule Y i ld i r im </author>
<desc r ip t i on >Out l i ne : Best−f i r s t search ; Greedy best−f i r s t search ; A∗ search ; H e u r i s t i c s </desc r i p t i on >

291 <keywords/>
<url>s l i d e s / l4−h e u r i s t i c s . ppt</ur l>

293 <type>Lecture notes </type>
<date> February 14 , 2011</date>

295 </LO>
</category>

297 <category>
<id >07</id>

299 <name>I n t e l l i b r a i n Robots</name>
<LO id="26">

301 <id >26</id>
<t i t l e > I n t e l l i B r a i n−Bots</ t i t l e >

303 <author>RidgeSoft </author>
<desc r ip t i on >The I n t e l l i B r a i n−Bot educa t iona l robot i s designed to br ing computer sc ience , r o b o t i c s and engineer ing

concepts a l i v e f o r s tudent s .</ des c r i p t i on >
305 <keywords>I n t e l l i B r a i n−Bot , robot </keywords>

<url>h t t p : //www. r i d g e s o f t . com/</url>
307 <type>Example</type>

<date >2010</date>
309 </LO>

<LO id="27">
311 <id >27</id>

<t i t l e >Guide fo r Programming RoboJDE</ t i t l e >
313 <author>RidgeSoft , LLC</author>

<desc r ip t i on >By prov id ing a modern , easy to use , sof tware development environment b u i l t f o r
315 r o b o t i c s ap p l i c a t i on s , the RoboJDE Java −enabled r o b o t i c s sof tware development environment opens the door to o b j e c t o r i en ted

sof tware
development f o r educa t iona l and hobby r o b o t i c s p r o j e c t s . RoboJDE enables you to qu i ck l y and e a s i l y develop sof tware to con t ro l

your robot .</ des c r i p t i on >
317 <keywords>RoboJDE , Java Programming , Ec l ip se </keywords>

<url>h t t p : //www. r i d g e s o f t . com/ robojde /2.0/ docs /RoboJDEGuide . pdf</url>
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319 <type>Text</type>
<date >2010</date>

321 </LO>
<LO id="28">

323 <id >28</id>
<t i t l e >A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach.</ t i t l e >

325 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</author>
<desc r i p t i on >25 chapter . In which agents are endowed with p h y s i c a l a f f e c t o r s with which to do misch ie f . 25.1 −

I n t roduc t i on ; 25.2 − Robot Hardware ; 25.4 − Planning to move ; 25.6 .3 − Reac t ive con t ro l ; 25.7 .1 − Subsumption
a r c h i t e c t u r e ; 25.7 .2 − Three−l a y e r a r c h i t e c t u r e ; 25.8 − A p l l i c a t i o n domain</desc r ip t i on >

327 <keywords>Robotics , Path Planning , Robot ic Software Arch i t ec tu re </keywords>
<url>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </url>

329 <type>Text</type>
<date >2010</date>

331 </LO>
<LO id="29">

333 <id >29</id>
<t i t l e >Robot Motion Planning </ t i t l e >

335 <author>Sule Y i ld i r im </author>
<desc r i p t i on >Out l i ne : P r o b a b i l i s t i c approach (PRM) ; Non−p r o b a b l i s t i c approach ( V i s i b i l i t y graphs ; Voronoi diagrams ; C e l l

decomposit ion )</desc r i p t i on >
337 <keywords/>

<url>s l i d e s /Robot Motion Planning . ppt</ur l>
339 <type>Lecture notes </type>

<date>February 16 , 2011</date>
341 </LO>

</category>
343 <category>

<id >08</id>
345 <name>Learning I − A r t i f i c i a l Neural Networks and Backpropogation Learning </name>

<LO id="30">
347 <id >30</id>

<t i t l e >Neural Network P r o j e c t and C++ Source code</ t i t l e >
349 <author>Bobby Anguelov</author>

<desc r i p t i on >In the z ip f i l e you ’ l l f i nd the complete v i s u a l s tud io 2k8 p r o j e c t f o r the f o l l o w i n g :
351 The neural network c l a s s ( has CSV logging , and has supports f o r momentum and batch / s t o c h a s t i c l ea rn ing ) ;

The CSV data reader c l a s s ( loads CSV f i l e s , has s e v e r a l data p a r t i t i o n i n g approaches b u i l t in ) ;
353 The t e s t data f i l e s f o r the above problem ;

A t e s t implementation of the above t r a i n i n g problem .</ d e s c r i p t i o n>
355 <keywords/>

<u r l>h t t p : //www. cs . up . ac . za/ cs / banguelov / blog / nnImplementationV2 . z ip</ u r l>
357 <type>Example</ type>

<date>A p r i l 23 , 2008</ date>
359 </LO>

<LO id=" 31 ">
361 <id>31</ id>

<t i t l e>Bas i c Neural Network T u t o r i a l : C++ Implementation and Source Code</ t i t l e>
363 <author>Bobby Anguelov</ author>

<d e s c r i p t i o n>I ’m not going to cover every aspec t in grea t d e t a i l s i n ce you can j u s t look at my source code . I ’m j u s t going
to go over the very ba s i c a r c h i t e c t u r e .</ d e s c r i p t i o n>

365 <keywords>C++ Implementation , Neural Network</keywords>
<u r l>h t t p : // t a k i n g i n i t i a t i v e . net /2008/04/23/ bas ic−neural−network−t u t o r i a l−c−implementation−and−source−code/</ u r l>

367 <type>Text</ type>
<date>A p r i l 23 , 2008</ date>

369 </LO>
<LO id=" 32 ">

371 <id>32</ id>
<t i t l e>Neural Networks</ t i t l e>

373 <author>Graham Kendal l</ author>
<d e s c r i p t i o n>In t h i s s e c t i o n we are going to cons ider neural networks . More c o r r e c t l y , we should c a l l them A r t i f i c i a l

Neural Networks (ANN) as we not bu i ld ing neural networks from animal t i s s u e . Rather , we are s imulat ing , on a
computer , what we understand about neural networks in the bra in . But , during t h i s course we w i l l use the term
neural network and a r t i f i c i a l neural network in te rchangeab ly .</ d e s c r i p t i o n>

375 <keywords>Neural Networks</keywords>
<u r l>h t t p : //www. cs . not t . ac . uk/~gxk/ courses / g5a ia i /006 neuralnetworks / neural−networks . htm</ u r l>

377 <type>Text</ type>
<date>September 21 , 2001</ date>

379 </LO>
<LO id=" 33 ">

381 <id>33</ id>
<t i t l e>Object−Oriented Neural Networks in C++</ t i t l e>

383 <author>Joey Rogers</ author>
<d e s c r i p t i o n>This zip−f i l e conta ins a foundat ion from which any neural network a r c h i t e c t u r e can becons t ruc ted . The author

has employed ob jec t−or ien ted design and ob jec t−or ien ted programming concepts to develop a s e t of foundat ion neural
network c l a s s e s , and shows how these c l a s s e s can be used to implement a v a r i e t y of neura l network a r c h i t e c t u r e s
with a grea t deal of ease and f l e x i b i l i t y . A wealth of neura l network formulas ( with s tandard ized nota t ion ) , o b j e c t

code implementations , and examples are provided to demonstrate the ob jec t−or ien ted approach to neural network
a r c h i t e c t u r e s and to f a c i l i t a t e t h e development of new neural network a r c h i t e c t u r e s . </ d e s c r i p t i o n>

385 <keywords>Neural−Network Base C la s se s ; ADALINE Network ; Backpropagation Neural Network ; Se l f−Organizing Neural Network ;
B i d i r e c t i o n a l A s s o c i a t i v e Memory . </keywords>

<u r l>a r t i c l e /ANN Book zIp . z ip</ u r l>
387 <type>Example</ type>

<date>1996</ date>
389 </LO>

<LO id=" 34 ">
391 <id>34</ id>

<t i t l e>Neuro−Evolv ing Robot ic Operat ives</ t i t l e>
393 <author>Neural Networks Group</ author>

<d e s c r i p t i o n>NERO ( which s tands fo r Neuro−Evolv ing Robot ic Operat ives ) i s a new kind of machine l ea rn ing game being
developed at the Neural Networks Research Group , Department of Computer Sciences , U n i v e r s i t y of Texas at Aust in .
The goa l s of the p r o j e c t are (1) to demonstrate the power of s t a t e−of−the−a r t machine l ea rn ing technology , (2) to
c rea t e an engaging game based on i t , and (3) to provide a robust and cha l l eng ing development and benchmarking
domain fo r AI r e s ea r che r s .</ d e s c r i p t i o n>

395 <keywords> Neuro−Evolv ing Robot ic Operat ives ,</keywords>
<u r l>h t t p : //nerogame . org /</ u r l>

397 <type>Video</ type>
<date />

399 </LO>
<LO id=" 35 ">

401 <id>35</ id>
<t i t l e>A r t i f i c i a l Neural Networks</ t i t l e>

403 <author>Sule Y i l d i r i m</ author>
<d e s c r i p t i o n>Out l i ne : The b i o l o g i c a l background ; The a b s t r a c t i o n from bio logy to ANNs; S igna l I n t e g r a t i o n in the Soma;

Backpropagation Learning ; A p p l i c a t i o n s of ANNs</ d e s c r i p t i o n>
405 <keywords> A r t i f i c i a l Neural Networks , Backpropagation Learning ; S igna l I n t e g r a t i o n</keywords>

<u r l> s l i d e s /ANN_Lecture_HIG . ppt </ u r l>
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407 <type>Lecture notes</ type>
<date>February 21 , 2011</ date>

409 </LO>
<LO id=" 36 ">

411 <id>36</ id>
<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>

413 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n>18 chapter . In which we desc r i be agents tha t can improve t h e i r behavior through d i l i g e n t study of t h e i r own

exper ience . 18.7 − A r t i f i c i a l Neural Networks</ d e s c r i p t i o n>
415 <keywords>A r t i f i c i a l Neural Networks , Learning , Back−Propagat ion l ea rn ing</keywords>

<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </ u r l>
417 <type>Text</ type>

<date>2010</ date>
419 </LO>

<LO id=" 37 ">
421 <id>37</ id>

<t i t l e>Neural Network So lu t i ons</ t i t l e>
423 <author>NeuralWare</ author>

<d e s c r i p t i o n>Pred ic t , c l a s s i f y , c l u s t e r and more . Download f r e e eva lua t ion sof tware</ d e s c r i p t i o n>
425 <keywords> Neural Network So lu t i ons</keywords>

<u r l>www. neuralware . com</ u r l>
427 <type>Applet</ type>

<date />
429 </LO>

<LO id=" 38 ">
431 <id>38</ id>

<t i t l e> Neural network sof tware</ t i t l e>
433 <author>P e l t a r i o n Corporat ion</ author>

<d e s c r i p t i o n>The most powerful development t o o l on the market . Free t r i a l . </ d e s c r i p t i o n>
435 <keywords> Neural Network Softwares</keywords>

<u r l>h t t p : //www. p e l t a r i o n . com/</ u r l>
437 <type>Applet</ type>

<date />
439 </LO>

<LO id=" 39 ">
441 <id>39</ id>

<t i t l e> Neural Network Software</ t i t l e>
443 <author>NeuroDimension , Inc .</ author>

<d e s c r i p t i o n>Download NeuroSolut ions and apply neural networks to your a p p l i c a t i o n .</ d e s c r i p t i o n>
445 <keywords> Neural Network Software</keywords>

<u r l>h t t p : //www. neuroso lu t ions . com/</ u r l>
447 <type>Applet</ type>

<date />
449 </LO>

</ category>
451 <category>

<id>09</ id>
453 <name>Games − Algor i thms f o r P lay ing and Solv ing Games</name>

<LO id=" 40 ">
455 <id>40</ id>

<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
457 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

<d e s c r i p t i o n>5 chapter . In which we examine the problems tha t a r i s e when we t r y to plan ahead in a world where other
agents are planning aga in s t us . 5.1 − Games ; 5.2 − Optimal Dec i s ion in Games ; 5.3 − Alpha−beta Pruning ; 5.4 −
Imper fec t rea l−time dec i s i on ; 5.7 − State−of−the−a r t Game Programs</ d e s c r i p t i o n>

459 <keywords>Games ; Optimal Dec i s ion in Games ; Alpha−beta Pruning ; Imper fec t rea l−time d e c i s i o n s</keywords>
<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </ u r l>

461 <type>Text</ type>
<date>2010</ date>

463 </LO>
<LO id=" 41 ">

465 <id>41</ id>
<t i t l e>Java implementation of a lgor i thms</ t i t l e>

467 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n>Programming f o r Alpha−beta pruning</ d e s c r i p t i o n>

469 <keywords>Alpha−beta pruning</keywords>
<u r l>h t t p : // code . google . com/p/aima−j ava /downloads/ l i s t</ u r l>

471 <type>Example</ type>
<date>2010</ date>

473 </LO>
<LO id=" 42 ">

475 <id>42</ id>
<t i t l e>Tic−Tac−Toe Demo</ t i t l e>

477 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n>A demonstrat ion of the Minimax and Alpha−Beta a d v e r s a r i a l search a lgor i thms as descr ibed in chapter 5 of

AIMA3e , us ing the t i c−tac−toe game as an example . You can choose to play the game y o u r s e l f by s e l e c t i n g board
p o s i t i o n s or have the Agent propose moves .</ d e s c r i p t i o n>

479 <keywords>Alpha−beta pruning , Minimax</keywords>
<u r l>h t t p : //www. a i . s r i . com/~ o r e i l l y / aima3ejava /aima−gui−TicTacToeApp . j n l p</ u r l>

481 <type>Applet</ type>
<date>2010</ date>

483 </LO>
<LO id=" 43 ">

485 <id>43</ id>
<t i t l e>Assignment 2</ t i t l e>

487 <author>Sule Y i l d i r i m</ author>
<d e s c r i p t i o n />

489 <keywords/>
<u r l>a r t i c l e /Assignment2−AI−Spring2010 . doc</ u r l>

491 <type>Assignment</ type>
<date>March 7 , 2011</ date>

493 </LO>
<LO id=" 44 ">

495 <id>44</ id>
<t i t l e>Solu t ion of Quest in 1 Assignment 2</ t i t l e>

497 <author>Sule Y i l d i r i m</ author>
<d e s c r i p t i o n />

499 <keywords/>
<u r l>a r t i c l e / So lu t ion Q2 − Ass2 . pdf</ u r l>

501 <type>Assignment</ type>
<date>March 7 , 2011</ date>

503 </LO>
<LO id=" 45 ">

505 <id>45</ id>
<t i t l e>Adve r sa r i a l Search</ t i t l e>

507 <author>Sule Y i l d i r i m</ author>
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<d e s c r i p t i o n>Out l i ne : Optimal d e c i s i o n s l ; Alpha−Beta pruning ; Imperfect , rea l−time d e c i s i o n s</ d e s c r i p t i o n>
509 <keywords>Alpha−Beta pruning , Optimal D e c i s i o n s l</keywords>

<u r l> s l i d e s /L6−game (2) . ppt </ u r l>
511 <type>Lecture notes</ type>

<date>March 7 , 2011</ date>
513 </LO>

</ category>
515 <category>

<id>10</ id>
517 <name>Learning I I − Dec i s ion Trees</name>

<LO id=" 46 ">
519 <id>46</ id>

<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach .</ t i t l e>
521 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

<d e s c r i p t i o n>18.1 − 18 .3 . In which we desc r i be agents tha t can improve t h e i r behavior through d i l i g e n t study of t h e i r own
exper ience . </ d e s c r i p t i o n>

523 <keywords>Learning , Dec i s ion Trees</keywords>
<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </ u r l>

525 <type>Text</ type>
<date>2010</ date>

527 </LO>
<LO id=" 47 ">

529 <id>47</ id>
<t i t l e>Learning from Observat ions</ t i t l e>

531 <author>Sule Y i l d i r i m</ author>
<d e s c r i p t i o n>Out l i ne : Learning agents ; Induc t i ve l ea rn ing ; Dec i s ion t r e e l ea rn ing</ d e s c r i p t i o n>

533 <keywords>Learning Agent ; Dec i s ion Tree </keywords>
<u r l> s l i d e s /L13−l ea rn ing . ppt </ u r l>

535 <type>Lecture notes</ type>
<date>March 14 , 2011</ date>

537 </LO>
<LO id=" 48 ">

539 <id>48</ id>
<t i t l e>P o s s i b i l i t i e s f o r Learning in Game A r t i f i c i a l I n t e l l i g e n c e </ t i t l e>

541 <author>A r i l d Jacobsen1 , Sindre Berg Stene , Sule Y i ld i r im1</ author>
<d e s c r i p t i o n>In our e a r l i e r research , we looked in to the need f o r and use of AI in video games . Our

543 survey on the e x i s t i n g l i t e r a t u r e on game a r t i f i c i a l i n t e l l i g e n c e and our hands−on exper ience with some of the games which were
developed through 1990s up to today have shown tha t

the A r t i f i c i a l I n t e l l i g e n c e in commercial ly a v a i l a b l e video games has made s i g n i f i c a n t progres s over the decades , but one area
which commercial games have l a r g e l y ignored i s
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861 <d e s c r i p t i o n>Out l i ne : Why FOL? Syntax and semant ics of FOL ; Fun with sentences ; Wumpus world in FOL</ d e s c r i p t i o n>

<keywords>F i r s t−Order Logic</keywords>
863 <u r l>h t t p s : // f r o n t e r . com/ hig / l i n k s / l i n k . phtml? ide s c=1&amp; i i d =743843 </ u r l>

<type>Lecture notes</ type>
865 <date>2011</ date>

</LO>
867 </ un i t>

<uni t>
869 <id>18</ id>

<name> In fe rence in FOL </name>
871 <LO id=" 77 ">

<id>77</ id>
873 <t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . Second Ed i t i on .</ t i t l e>

<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
875 <d e s c r i p t i o n> 9 chapter . In which we def ine e f f e c t i v e procedures f o r answering ques t ions posed in FOL . </ d e s c r i p t i o n>

<keywords>F i r s t Order Logic , Logic programming</keywords>
877 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t i on /show? pid=101436254&amp; kid=b i b l i o </ u r l>

<type>Text</ type>
879 <date>2010</ date>

</LO>
881 <LO id=" 78 ">

<id>78</ id>
883 <t i t l e>In fe rence in f i r s t−order l o g i c</ t i t l e>

<author>Sule Y i l d i r i m</ author>
885 <d e s c r i p t i o n>Out l i ne : Reducing f i r s t−order in f e r ence to p r o p o s i t i o n a l i n f e r ence ; U n i f i c a t i o n ; Genera l ized Modus Ponens ;

Forward and backward chain ing ; Logic programming ; Reso lu t ion</ d e s c r i p t i o n>
<keywords>In fe rence ru les , F i r s t−Order In fe rence ; F i r s t−Order Logic</keywords>

887 <u r l>h t t p s : // f r o n t e r . com/ hig / l i n k s / l i n k . phtml? ide s c=1&amp; i i d =743843 </ u r l>
<type>Lecture notes</ type>

889 <date>2011</ date>
</LO>
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891 <LO id=" 79 ">
<id>79</ id>

893 <t i t l e>Java implementation of a lgor i thms</ t i t l e>
<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

895 <d e s c r i p t i o n>Implemented Algor i thms are descr ibed in chapter 9 of A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . Thiord
Ed i t i on</ d e s c r i p t i o n>

<keywords>Subst S u b s t V i s i t o r ; Unify ; FOL−FC−Ask ; FOL−BC−Ask ; CNF; Reso lut ion ; Demodulation ; Paramodulation ; Subsumption<
/keywords>

897 <u r l>h t t p : // code . google . com/p/aima−j ava /</ u r l>
<type>Example</ type>

899 <date>2010</ date>
</LO>

901 </ un i t>
</ category>

903 <category>
<id>19</ id>

905 <name>Planning</name>
<LO id=" 80 ">

907 <id>80</ id>
<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . Second Ed i t i on .</ t i t l e>

909 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n> 10 chapter . In which we see how an agent can take advantage of the s t r u c t u r e of a prblem to

911 cons t ruc t complex plans ac t i on .</ d e s c r i p t i o n>
<keywords>Planning , Forward planning , H e u r i s t i c s , P a r t i a l−Order Planning </keywords>

913 <u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </ u r l>
<type>Text</ type>

915 <date>2010</ date>
</LO>

917 <LO id=" 81 ">
<id>81</ id>

919 <t i t l e>Motion planning of mul t ip l e agents in v i r t u a l environments</ t i t l e>
<author>Yi L i</ author>

921 <d e s c r i p t i o n>Desc r ibes and demonstrates in s imula t ion the use of coord ina t ion graphs to avoid c o l l i s i o n s of mul t ip l e
agents in t a s k s r eq u i r i n g motion of mul t ip l e agents .</ d e s c r i p t i o n>

<keywords>Motion Planning , Mul t ip le Agents , V i r t u a l Environments</keywords>
923 <u r l>h t t p : // v i d e o l e c t u r e s . net /aaai07_li_mpma/</ u r l>

<type>Video</ type>
925 <date> July 3 , 2007</ date>

</LO>
927 <LO id=" 82 ">

<id>82</ id>
929 <t i t l e>A r t i f i c i a l I n t e l l i g e n c e Planning</ t i t l e>

<author>J u s s i Rintanen</ author>
931 <d e s c r i p t i o n>The course pre sen t s the most important approaches to s t a t e space t r a v e r s a l used in planning , inc lud ing

techniques based on p r o p o s i t i o n a l s a t i s f i a b i l i t y t e s t i n g , h e u r i s t i c s t a t e−space search , and log i c−based data
s t r u c t u r e s l i k e b inary dec i s i on diagrams . The main a p p l i c a t i o n s of these techniques in c l a s s i c a l planning and in
more complex forms of planning i s d i s cus sed .</ d e s c r i p t i o n>

<keywords>Planning , P r o p o s i t i o n a l S a t i s f i a b i l i t y Test ing , H e u r i s t i c State−Space Search </keywords>
933 <u r l>h t t p : // v i d e o l e c t u r e s . net /aaai07_li_mpma/</ u r l>

<type>Video</ type>
935 <date> July 3 , 2007</ date>

</LO>
937 <LO id=" 83 ">

<id>83</ id>
939 <t i t l e>Planning</ t i t l e>

<author>Sule Y i l d i r i m</ author>
941 <d e s c r i p t i o n>Out l i ne : FOL ; Planning Problem as Search ; Forward planning ; H e u r i s t i c ; POP Algorithm </ d e s c r i p t i o n>

<keywords>Planning , Forward planning , Heur i s t i c , POP Algorithm</keywords>
943 <u r l>h t t p s : // f r o n t e r . com/ hig / l i n k s / l i n k . phtml? ide s c=1&amp; i i d =752732 </ u r l>

<type>Lec r tu re notes</ type>
945 <date>2011</ date>

</LO>
947 </ category>

<category>
949 <id>20</ id>

<name>Knowledge Representa t ion</name>
951 <LO id=" 84 ">

<id>84</ id>
953 <t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . Second Ed i t i on .</ t i t l e>

<author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
955 <d e s c r i p t i o n> 12 chapter . In which we show to use f i r s t−order l o g i c to repre sen t the most important

a spec t s of the r e a l world , such as act ion , space , time , thoughts , and shopping .</ d e s c r i p t i o n>
957 <keywords> Onto log i ca l Engineering , Categor ies , S i t u a t i o n Calculus , Event Calculus , Semantic Networks</keywords>

<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </ u r l>
959 <type>Text</ type>

<date>2010</ date>
961 </LO>

<LO id=" 85 ">
963 <id>85</ id>

<t i t l e>Knowledge Representa t ion and Reasoning</ t i t l e>
965 <author>Maurice Pagnucco</ author>

<d e s c r i p t i o n>Research in knowledge rep re s en ta t i on and reasoning has a long h i s t o r y in a r t i f i c i a l i n t e l l i g e n c e and log i c−
based approaches have played a major par t in the f i e l d s development . In t h i s course we w i l l survey log i c−based in
KRR from non−monotonic l o g i c s though to d e s c r i p t i o n l o g i c s and the semantic web .</ d e s c r i p t i o n>

967 <keywords>Knowledge represen ta t ion , Des c r i p t i on log i c , Ontology </keywords>
<u r l>h t t p : // v i d e o l e c t u r e s . net / s s l l09_pagnucco_kr r /</ u r l>

969 <type>Video</ type>
<date>A p r i l 1 , 2009</ date>

971 </LO>
</ category>

973 <category>
<id>21</ id>

975 <name>>NLP − Natural Language Proces s ing</name>
<LO id=" 86 ">

977 <id>86</ id>
<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . Second Ed i t i on .</ t i t l e>

979 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>
<d e s c r i p t i o n> 22 chapter . In wich we see how to make use of the copious knowledge tha t i s expressed in na tura l language .<

/ d e s c r i p t i o n>
981 <keywords> Language Models , In format ion Ex t r a c t i on</keywords>

<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </ u r l>
983 <type>Text</ type>

<date>2010</ date>
985 </LO>

<LO id=" 87 ">
987 <id>87</ id>
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<t i t l e>A r t i f i c i a l I n l e l l i g e n c e . A Modern Approach . Second Ed i t i on .</ t i t l e>
989 <author>Stuar t J . R u s s e l l ; Pe ter Norvig</ author>

<d e s c r i p t i o n> 23 chapter . In which we see how humans communicate with one another in na tura l language , and how computar
agents might j o i n in the conver sa t ion .</ d e s c r i p t i o n>

991 <keywords>Phrase S t ruc tu re Grammars , Pars ing , Augmented Grammars , Machine Trans la t ion , Speech Recogni t ion</keywords>
<u r l>h t t p : // ask . b ib sy s . no/ ask / ac t ion /show? pid=101436254&amp; kid=b i b l i o </ u r l>

993 <type>Text</ type>
<date>2010</ date>

995 </LO>
<LO id=" 88 ">

997 <id>88</ id>
<t i t l e>Communication and Language</ t i t l e>

999 <author>Sule Y i l d i r i m</ author>
<d e s c r i p t i o n>Out l i ne : Communication ; Grammar ; S y n t a c t i c a n a l y s i s ; Problems</ d e s c r i p t i o n>

1001 <keywords>Natural Language Process ing , Communication , Grammar</keywords>
<u r l>h t t p s : // f r o n t e r . com/ hig / l i n k s / l i n k . phtml? ide s c=1&amp; i i d =752732 </ u r l>

1003 <type>Lecture notes</ type>
<date>2011</ date>

1005 </LO>
</ category>

1007 <category>
<id>22</ id>

1009 <name>Mult i − Agent Systems</name>
<LO id=" 89 ">

1011 <id>89</ id>
<t i t l e>P r i o r i t i z e d Mul t ihypothes i s Tracking by a Robot with Limited Sensing</ t i t l e>

1013 <author>Paul E . Rybski and Manuela M. Veloso</ author>
<d e s c r i p t i o n>To ac t i n t e l l i g e n t l y in dynamic environments , mobile robots must es t imate o b j e c t p o s i t i o n s using in format ion

obtained from a
1015 v a r i e t y of sources . We formal l y de s c r i be the problem of es t imat ing the s t a t e of o b j e c t s where a robot can only ta sk i t s sensor s

to
view one o b j e c t a t a time . We con t r i bu t e an o b j e c t t r a ck ing method tha t generates and maintains mul t ip l e hypotheses c o n s i s t i n g

of
1017 p r o b a b i l i s t i c s t a t e e s t imate s tha t are generated by the i n d i v i d u a l in format ion sources . These d i f f e r e n t hypotheses can be

generated
by the robot ’ s own p r e d i c t i o n model and by communicating robot team members . The mul t ip l e hypotheses are o f ten s p a t i a l l y

1019 d i s j o i n t and cannot s imul taneous ly be v e r i f i e d by the robot ’ s l i m i t e d sensor s . Instead , the robot must decide towards which
hypothes i s i t s sensor s should be tasked by eva lua t ing each hypothes i s on i t s l i k e l i h o o d of conta in ing the o b j e c t . Our

cont r ibu ted
1021 algor i thm p r i o r i t i z e s the d i f f e r e n t hypotheses , according to rankings s e t by the expected unce r t a in t y in the o b j e c t ’ s motion

model ,
as wel l as the u n c e r t a i n t i e s in the sources of in format ion used to t r a ck t h e i r p o s i t i o n s . We desc r i be the algor i thm in d e t a i l

and
1023 show ex tens i ve emp i r i ca l r e s u l t s in s imula t ion as wel l as experiments on ac tua l robots tha t demonstrate the e f f e c t i v e n e s s of our

approach .</ desc r ip t i on >
1025 <keywords>Target de te c t i on , Performance eva lua t ion , Simulat ion , Algorithm , Informat ion source , S ta te es t imat ion ,

P r o b a b i l i s t i c approach , Object de te c t i on , Robot ics , Moving robot , Target t rack ing </keywords>
<url>h t t p : //www. r i . cmu . edu/ p u b _ f i l e s /2009/1/09 euras ip−s i gna l−proc−prybsk i . pdf</ur l>

1027 <type>Text</type>
<date >2009</date>

1029 </LO>
<LO id="90">

1031 <id >90</id>
<t i t l e >Motion planning of mul t ip l e agents in v i r t u a l environments </ t i t l e >

1033 <author>Yi Li </author>
<desc r ip t i on >Desc r ibes and demonstrates in s imula t ion the use of coord ina t ion graphs to avoid c o l l i s i o n s of mul t ip l e

agents in t a s k s r eq u i r i n g motion of mul t ip l e agents .</ desc r i p t i on >
1035 <keywords>Motion Planning , Mul t ip le Agents , V i r t u a l Environments</keywords>

<url>h t t p : // v i d e o l e c t u r e s . net /aaai07_li_mpma/</url>
1037 <type>Video</type>

<date> July 3 , 2007</date>
1039 </LO>

</category>
1041 </Repos i to ryForPer sona l i zedLearn ingS ty l e s >

A.3 Repository of Personalized Communication Approach

A.3.1 DTD Schema of XML File for Personalized Communication Approach

1 <!DOCTYPE Repos i to ryForPersona l i zedPerson [

3 <!ELEMENT category ( id , name , person+)>
<!ELEMENT person ( id , name , pos i t i on , email , l e v e l )>

5 <!ELEMENT id (#PCDATA)>
<!ELEMENT name (#PCDATA)>

7 <!ELEMENT p o s i t i o n (#PCDATA)>
<!ELEMENT email (#PCDATA)>

9 <!ELEMENT l e v e l (#PCDATA)>

11 <! ATTLIST paper idp CDATA #REQUIRED>

13 ]>

A.3.2 XML File for Personalized Communication Approach

1 <Repos i to ryForPer sona l i zedPerson>
<category>

3 <id>01</ id>
<name>In t roduc t i on</name>

5 <person id= ’ 01 ’>
<id>01</ id>

7 <name>Sule Y i l d i r i m</name>
<p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>

9 <email>su le . y i ld i r im@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

11 </ person>
<person id= ’ 21 ’>

13 <id>21</ id>
<name>Mohammad Derawi</name>
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15 <p o s i t i o n>Scholar</ p o s i t i o n>
<email>mohammad. derawi@hig . no </ email>

17 <l e v e l>Advanced</ l e v e l>
</ person>

19 </ category>
<category>

21 <id>02</ id>
<name>I n t e l l i g e n t Agents</name>

23 <person id= ’ 02 ’>
<id>02</ id>

25 <name>Sule Y i l d i r i m</name>
<p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>

27 <email>su le . y i ld i r im@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

29 </ person>
<person id= ’ 22 ’>

31 <id>22</ id>
<name>Mohammad Derawi</name>

33 <p o s i t i o n>Scholar</ p o s i t i o n>
<email>mohammad. derawi@hig . no </ email>

35 <l e v e l>Advanced</ l e v e l>
</ person>

37 </ category>
<category>

39 <id>03</ id>
<name>Representa t ions</name>

41 <person id= ’ 03 ’>
<id>03</ id>

43 <name>Sule Y i l d i r i m</name>
<p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>

45 <email>su le . y i ld i r im@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

47 </ person>
<person id= ’ 18 ’>

49 <id>18</ id>
<name>Mohammad Derawi</name>

51 <p o s i t i o n>Scholar</ p o s i t i o n>
<email>mohammad. derawi@hig . no </ email>

53 <l e v e l>Advanced</ l e v e l>
</ person>

55 <uni t>
<id>04</ id>

57 <name>Emotional Represen ta s t i ons</name>
<person id= ’ 20 ’>

59 <id>20</ id>
<name>Vera Nekrasova</name>

61 <p o s i t i o n>Student</ p o s i t i o n>
<email>vera . nekrasova@hig . no </ email>

63 <l e v e l>Bas i c</ l e v e l>
</ person>

65 </ un i t>
<uni t>

67 <id>05</ id>
<name>Conceptual /Motor Representa t ions</name>

69 </ un i t>
</ category>

71 <category>
<id>06</ id>

73 <name>Search I</name>
<person id= ’ 05 ’>

75 <id>05</ id>
<name>Sule Y i l d i r i m</name>

77 <p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>
<email>su le . y i ld i r im@hig . no </ email>

79 <l e v e l>Advanced</ l e v e l>
</ person>

81 <person id= ’ 23 ’>
<id>23</ id>

83 <name>Mohammad Derawi</name>
<p o s i t i o n>Scholar</ p o s i t i o n>

85 <email>mohammad. derawi@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

87 </ person>
</ category>

89 <category>
<id>07</ id>

91 <name>I n t e l l i b r a i n Robots</name>
<person id= ’ 06 ’>

93 <id>06</ id>
<name>Sule Y i l d i r i m</name>

95 <p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>
<email>su le . y i ld i r im@hig . no </ email>

97 <l e v e l>Advanced</ l e v e l>
</ person>

99 <person id= ’ 15 ’>
<id>15</ id>

101 <name>Kat r in Franke</name>
<p o s i t i o n>Pro f e s so r</ p o s i t i o n>

103 <email>k a t r i n . franke@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

105 </ person>
<person id= ’ 18 ’>

107 <id>18</ id>
<name>Mohammad Derawi</name>

109 <p o s i t i o n>Scholar</ p o s i t i o n>
<email>mohammad. derawi@hig . no </ email>

111 <l e v e l>Advanced</ l e v e l>
</ person>

113 </ category>
<category>

115 <id>08</ id>
<name>Learning I − A r t i f i c i a l Neural Networks and Backpropogation Learning</name>

117 <person id= ’ 08 ’>
<id>08</ id>

119 <name>Sule Y i l d i r i m</name>
<p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>
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121 <email>su le . y i ld i r im@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

123 </ person>
<person id= ’ 16 ’>

125 <id>16</ id>
<name>Kat r in Franke</name>

127 <p o s i t i o n>Pro f e s so r</ p o s i t i o n>
<email>k a t r i n . franke@hig . no </ email>

129 <l e v e l>Advanced</ l e v e l>
</ person>

131 <person id= ’ 14 ’>
<id>14</ id>

133 <name>Frode Haug</name>
<p o s i t i o n>Lec ture r</ p o s i t i o n>

135 <email>frode . haug@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

137 </ person>
<person id= ’ 19 ’>

139 <id>19</ id>
<name>Mohammad Derawi</name>

141 <p o s i t i o n>Scholar</ p o s i t i o n>
<email>mohammad. derawi@hig . no </ email>

143 <l e v e l>Advanced</ l e v e l>
</ person>

145 </ category>
<category>

147 <id>09</ id>
<name>Games − Algor i thms f o r P lay ing and Solv ing Games</name>

149 <person id= ’ 09 ’>
<id>09</ id>

151 <name>Sule Y i l d i r i m</name>
<p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>

153 <email>su le . y i ld i r im@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

155 </ person>
<person id= ’ 15 ’>

157 <id>15</ id>
<name>Frode Haug</name>

159 <p o s i t i o n>Lec tu re r</ p o s i t i o n>
<email>frode . haug@hig . no </ email>

161 <l e v e l>Advanced</ l e v e l>
</ person>

163 <person id= ’ 24 ’>
<id>24</ id>

165 <name>Mohammad Derawi</name>
<p o s i t i o n>Scholar</ p o s i t i o n>

167 <email>mohammad. derawi@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

169 </ person>
</ category>

171 <category>
<id>10</ id>

173 <name>Learning I I − Dec i s ion Trees</name>
<person id= ’ 10 ’>

175 <id>10</ id>
<name>Sule Y i l d i r i m</name>

177 <p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>
<email>su le . y i ld i r im@hig . no </ email>

179 <l e v e l>Advanced</ l e v e l>
</ person>

181 <person id= ’ 17 ’>
<id>17</ id>

183 <name>Kat r in Franke</name>
<p o s i t i o n>Pro f e s so r</ p o s i t i o n>

185 <email>k a t r i n . franke@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

187 </ person>
<person id= ’ 25 ’>

189 <id>25</ id>
<name>Mohammad Derawi</name>

191 <p o s i t i o n>Scholar</ p o s i t i o n>
<email>mohammad. derawi@hig . no </ email>

193 <l e v e l>Advanced</ l e v e l>
</ person>

195 </ category>
<category>

197 <id>11</ id>
<name>Search I I − Loca l Search Algor i thms and Opt imizat ion Problems</name>

199 <person id= ’ 11 ’>
<id>11</ id>

201 <name>Sule Y i l d i r i m</name>
<p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>

203 <email>su le . y i ld i r im@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

205 </ person>
<person id= ’ 26 ’>

207 <id>26</ id>
<name>Mohammad Derawi</name>

209 <p o s i t i o n>Scholar</ p o s i t i o n>
<email>mohammad. derawi@hig . no </ email>

211 <l e v e l>Advanced</ l e v e l>
</ person>

213 </ category>
<category>

215 <id>12</ id>
<name>Logic</name>

217 <person id= ’ 12 ’>
<id>12</ id>

219 <name>Sule Y i l d i r i m</name>
<p o s i t i o n>Assoc i a t e P ro f e s so r</ p o s i t i o n>

221 <email>su le . y i ld i r im@hig . no </ email>
<l e v e l>Advanced</ l e v e l>

223 </ person>
<person id= ’ 27 ’>

225 <id>18</ id>
<name>Mohammad Derawi</name>
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227 <p o s i t i o n>Scholar</ p o s i t i o n>
<email>mohammad. derawi@hig . no </ email>

229 <l e v e l>Advanced</ l e v e l>
</ person>

231 <uni t>
<id>13</ id>

233 <name>Knowledge − Based Agents and Logic in General</name>
<person id= ’ 13 ’>

235 <id>13</ id>
<name>Vera Nekrasova</name>

237 <p o s i t i o n>Student</ p o s i t i o n>
<email>vera . nekrasova@hig . no </ email>

239 <l e v e l>Bas i c</ l e v e l>
</ person>

241 </ un i t>
<uni t>

243 <id>14</ id>
<name>Logic In fe rence Rulesand Theorem Proving</name>

245 </ un i t>
</ category>

247 </ Repos i to ryForPer sona l i zedPerson>
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B Appendix - Source Code Snippets

B.1 PHP Function for Creation of Search Index File

1 <?
func t ion XML2MYSQL( $f i lename )

3 {
$xml = s imp lexml_ load_ f i l e ( $f i lename ) ;

5
echo $xml−>getName () . "<br />" ;

7
foreach ($xml−>ch i ld ren () as $category )

9 {
echo $category−>getName () . "<br />" ;

11 foreach ( $category−>ch i ld ren () as $ch i ld )
{

13 i f ( $chi ld−>getName () == ’ id ’ )
{

15 // echo $ch i ld−>getName () . " : " . $ c h i l d . "<br / >";
$id_category = $ch i ld ;

17 echo $id_category ;
}

19 i f ( $chi ld−>getName () == ’ paper ’ )
{

21 foreach ( $chi ld−>ch i ld ren () as $paper )
{

23 i f ( $paper−>getName () == ’ id_p ’ )
{

25 // echo $paper−>getName () . " : " . $paper . "<br / >";
$id_paper = $paper ;

27 }
i f ( $paper−>getName () == ’ t e c h n i c a l L e v e l ’ )

29 {
// echo $paper−>getName () . " : " . $paper . "<br / >";

31 $ t e c h n i c a l L e v e l = $paper ;
}

33 }
$sq l = " INSERT INTO IndexF i l e ( id_category , id_paper , t e c h n i c a l L e v e l ) VALUES ( ’ " . $ id_category . " ’ , ’ " . $id_paper . " ’ , ’ " .

$ t e c h n i c a l L e v e l . " ’ ) " ;
35 $ r e s u l t = mysql_query ( $sq l ) ;

echo $id_category . " " . $id_paper . " " . $ t e c h n i c a l L e v e l . "</br>" ;
37 }

39
i f ( $chi ld−>getName () == ’ un i t ’ )

41 {
foreach ( $chi ld−>ch i ld ren () as $uni t )

43 {
i f ( $unit−>getName () == ’ paper ’ )

45 {
foreach ( $unit−>ch i ld ren () as $paper )

47 {
i f ( $paper−>getName () == ’ id_p ’ )

49 {
// echo $paper−>getName () . " : " . $paper . "<br / >";

51 $id_paper = $paper ;
}

53 i f ( $paper−>getName () == ’ t e c h n i c a l L e v e l ’ )
{

55 // echo $paper−>getName () . " : " . $paper . "<br / >";
$ t e c h n i c a l L e v e l = $paper ;

57 }

59 }
$sq l = " INSERT INTO IndexF i l e ( id_category , id_paper , t e c h n i c a l L e v e l ) VALUES ( ’ " . $ id_category . " ’ , ’ " . $id_paper . " ’ , ’ " .

$ t e c h n i c a l L e v e l . " ’ ) " ;
61 $ r e s u l t = mysql_query ( $sq l ) ;

echo $id_category . " " . $id_paper . " " . $ t e c h n i c a l L e v e l . "</br>" ;
63 }

}
65

67 }
i f ( $chi ld−>getName () == ’ un i t ’ )

69 {
foreach ( $chi ld−>ch i ld ren () as $uni t )

71 {
i f ( $unit−>getName () == ’ id ’ )

73 {
// echo $unit−>getName () . " : " . $uni t . "<br / >";

75 $ id_un i t = $uni t ;
}

77 i f ( $unit−>getName () == ’ paper ’ )
{

79 foreach ( $unit−>ch i ld ren () as $paper )
{

81 i f ( $paper−>getName () == ’ id_p ’ )
{

83 // echo $paper−>getName () . " : " . $paper . "<br / >";
$id_paper = $paper ;

85 }
i f ( $paper−>getName () == ’ t e c h n i c a l L e v e l ’ )

87 {
// echo $paper−>getName () . " : " . $paper . "<br / >";
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89 $ t e c h n i c a l L e v e l = $paper ;
}

91 }
$sq l = " INSERT INTO IndexF i l e ( id_category , id_paper , t e c h n i c a l L e v e l ) VALUES ( ’ " . $ id_un i t . " ’ , ’ " . $id_paper . " ’ , ’ " .

$ t e c h n i c a l L e v e l . " ’ ) " ;
93 $ r e s u l t = mysql_query ( $sq l ) ;

echo $ id_un i t . " " . $id_paper . " " . $ t e c h n i c a l L e v e l . "</br>" ;
95 }

// echo $ id_un i t . " " . $ id_paper . " " . $ t e c h n i c a l L e v e l ;
97 }

99
}

101
}

103
}

105 }
>

B.2 PHP Code of Recommender Components

B.2.1 PHP Code of Recommender Component for Personalized Guidance Ap-
proach

<?php
2 i n i _ se t ( ’ d i s p l a y _ e r r o r s ’ ,1) ;

error_report ing (E_ALL) ;
4

i f ( i s s e t ($_SERVER[ ’HTTP_REFERER ’ ]) )
6 {

echo ’<a s t y l e ="margin−r i g h t :20 px ; "
8 hre f =" ’ . $_SERVER[ ’HTTP_REFERER ’ ] . ’ ">

<<< Back</a> <br/><br/> ’ ;
10 }

12 $xml = s imp lexml_ load_ f i l e ( " Personal izedGuidance . xml " ) ;

14
func t ion db_connect ( $user= ’ root ’ , $password= ’ nkon86 ’ , $db= ’ Repos i toryForPersonal izedGuidance ’ ) {

16 mysql_connect ( ’ l o c a l h o s t ’ , $user , $password )
or die ( ’ I cannot connect to db : ’ . mysql_error () ) ;

18 mysql_select_db ($db) ;}

20 db_connect () ;

22
i f ( ! empty($_POST[ " Techn i ca lLeve l " ] ) )

24 {
$ id_category = $_POST[ " category " ] ;

26 $top i c = $_POST[ " t o p i c " ] ;
$ t e c h i c a l _ l e v e l = $_POST[ " Techn i ca lLeve l " ] ;

28 echo ’<t a b l e bgco lor=#6495ed ><tr><td> <h4> About <i >" ’ , $topic , ’ "</ i> t o p i c you can read the fo l low l i t e r a t u r e : </h4></td
></tr ></tab le> <br/> ’ ;

echo ’<hr/> ’ ;
30 $sq l = " SELECT id_paper FROM IndexF i l e WHERE id_ca tegory = ’ " . $ id_category . " ’ && t e c h n i c a l L e v e l = ’ " . $ t e c h i c a l _ l e v e l . " ’ " ;

$ r e s u l t = mysql_query ( $sq l ) ;
32 /∗ i f ( my sq l _ f e t ch_ar ray ( $ r e s u l t ) == ’ 0 ’ )

{
34 echo ’ R e s u l t s o f q u e r i e s not found ’ ;

}∗/
36

echo ’<ol> ’ ;
38 $f = 0;

while ($row = mysq l_ fe tch_ar ray ( $ r e s u l t ) )
40 {

$f=$f+1;
42 $id_paper = $row[ ’ id_paper ’ ] ;

44 foreach ($xml−>ch i ld ren () as $category )
{

46 foreach ( $category−>ch i ld ren () as $paper )
{

48 i f ( $paper−>getName () == ’ paper ’ and $paper−>a t t r i b u t e s () == $id_paper )
{

50 foreach ( $paper −> ch i ld ren () as $elm )
{

52 i f ($elm−>getName () == ’ t i t l e ’ )
{

54 $ t i t l e = $elm ;
}

56 i f ($elm−>getName () == ’ d e s c r i p t i o n ’ )
{

58 $de s c r i p t i on = $elm ;
}

60 i f ($elm−>getName () == ’ author ’ )
{

62 $author = $elm ;
}

64 i f ($elm−>getName () == ’ keywords ’ )
{

66 $keywords = $elm ;
}

68 i f ($elm−>getName () == ’ u r l ’ )
{

70 $ur l = $elm ;
}

72 i f ($elm−>getName () == ’ type ’ )
{

74 $type = $elm ;
}
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76 i f ($elm−>getName () == ’ date ’ )
{

78 $date = $elm ;
}

80 }
echo ’<l i > <a hre f =" ’ , $url , ’ " t a r g e t ="_blank"> ’ , $ t i t l e , ’</a> <br/> ’ , $author , ’<br/> <b>Desc r i p t i on : </b> ’ ,

$desc r ip t ion , ’<br/> <b>Type : </b> ’ , $type ;
82 echo ’<br/> <hr/> <br/> ’ ;

}
84

i f ( $paper−>getName () == ’ un i t ’ )
86 {

foreach ( $paper −> ch i ld ren () as $unitpaper )
88 {

i f ( $unitpaper−>getName () == ’ paper ’ and $unitpaper−>a t t r i b u t e s () == $id_paper )
90 {

foreach ( $unitpaper −> ch i ld ren () as $elm )
92 {

i f ($elm−>getName () == ’ t i t l e ’ )
94 {

$ t i t l e = $elm ;
96 }

i f ($elm−>getName () == ’ d e s c r i p t i o n ’ )
98 {

$de s c r i p t i on = $elm ;
100 }

i f ($elm−>getName () == ’ author ’ )
102 {

$author = $elm ;
104 }

i f ($elm−>getName () == ’ keywords ’ )
106 {

$keywords = $elm ;
108 }

i f ($elm−>getName () == ’ u r l ’ )
110 {

$ur l = $elm ;
112 }

i f ($elm−>getName () == ’ type ’ )
114 {

$type = $elm ;
116 }

i f ($elm−>getName () == ’ date ’ )
118 {

$date = $elm ;
120 }

}
122 echo ’<l i > <a hre f =" ’ , $url , ’ " t a r g e t ="_blank " > ’ , $ t i t l e , ’</a> <br/> by ’ , $author , ’<br/> <b>Desc r i p t i on : </

b> ’ , $desc r ip t ion , ’<br/> <b>Type : </b> ’ , $type ;
echo ’<br/> <hr/> <br/> ’ ;

124 }
}

126 }
}

128 }
}

130

132 echo ’</ol> ’ ;

134 i f ( $f ==0)
{

136 echo ’ Re su l t s of quer i e s not found ’ ;
}

138
}

140 else
{

142 echo "<h3>Please s e l e c t t e c h n i c a l l e ve l <h3>" ;
}

144
?>

B.2.2 PHP Code of Recommender Component for Personalized Learning Activ-
ities Approach

1 <?php
i n i _ se t ( ’ d i s p l a y _ e r r o r s ’ ,1) ;

3 error_report ing (E_ALL) ;

5 i f ( i s s e t ($_SERVER[ ’HTTP_REFERER ’ ]) )
{

7 echo ’<a s t y l e ="margin−r i g h t :20 px ; "
h re f =" ’ . $_SERVER[ ’HTTP_REFERER ’ ] . ’ ">

9 <<< Back</a> <br/><br/> ’ ;
}

11
$xml = s imp lexml_ load_ f i l e ( " Pe r sona l i z edLea rn ingS ty l e s . xml " ) ;

13

15 func t ion db_connect ( $user= ’ root ’ , $password= ’ nkon86 ’ , $db= ’ Repos i toryForPersonal izedGuidance ’ ) {
mysql_connect ( ’ l o c a l h o s t ’ , $user , $password )

17 or die ( ’ I cannot connect to db : ’ . mysql_error () ) ;
mysql_select_db ($db) ;}

19
db_connect () ;

21
$ id_category = $_POST[ " category " ] ;

23 $var = 0;

25
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27 i f ( ! empty($_POST[ ’ Type ’ ] ) )
{

29 echo "<t a b l e bgcolor=#6495ed ><tr><td> <h4>The folow lea rn ing mate r i a l s have been found on your query : </h4></td></tr ></
tab le> <br/>" ;

$type=$_POST[ ’ Type ’ ] ;
31

foreach ( $type as $val )
33 {

35 i f ( $val==’V ’ )
{

37 $ s t y l e= array ( ’ Video ’ , ’ Lec ture notes ’ , ’ Applet ’ ) ;
$ learn ing = ’ V i sua l Learning S t y l e ’ ;

39 $f=0;
}

41 i f ( $val==’R ’ )
{

43 $ s t y l e= array ( ’ Text ’ , ’ Lec ture notes ’ ) ;
$ learn ing = ’ Read/ Write Learning S t y l e ’ ;

45 $f=0;
}

47 i f ( $val==’K ’ )
{

49 $ s t y l e= array ( ’ Example ’ , ’ Assignment ’ , ’ Applet ’ , ’ Lec ture notes ’ ) ;
$ learn ing = ’ K i n e s t h e t i c Learning S t y l e ’ ;

51 $f=0;
}

53
echo "<hr/>" ;

55 echo "<t a b l e bgcolor=#bef574 ><tr><td>$learn ing : </td></tr ></tab le>" ;
foreach ( $ s t y l e as $style_name )

57 {
$sq l = " SELECT id_ lo FROM IndexF i leLS WHERE id_ca tegory = ’ " . $ id_category . " ’ && s t y l e = ’ " . $style_name . " ’ " ;

59 $ r e s u l t = mysql_query ( $sq l ) ;

61
while ($row = mysq l_ fe tch_ar ray ( $ r e s u l t ) )

63 {
echo ’<ul> ’ ;

65 $f=$f+1;
$ id_ lo = $row[ ’ i d_ l o ’ ] ;

67
foreach ($xml−>ch i ld ren () as $category )

69 {
foreach ( $category−>ch i ld ren () as $lo )

71 {
i f ( $lo−>getName () == ’LO ’ and $lo−>a t t r i b u t e s () == $id_ lo )

73 {
foreach ( $lo −> ch i ld ren () as $elm )

75 {
i f ($elm−>getName () == ’ t i t l e ’ )

77 {
$ t i t l e = $elm ;

79 }
i f ($elm−>getName () == ’ d e s c r i p t i o n ’ )

81 {
$de s c r i p t i on = $elm ;

83 }
i f ($elm−>getName () == ’ author ’ )

85 {
$author = $elm ;

87 }
i f ($elm−>getName () == ’ keywords ’ )

89 {
$keywords = $elm ;

91 }
i f ($elm−>getName () == ’ u r l ’ )

93 {
$ur l = $elm ;

95 }
i f ($elm−>getName () == ’ type ’ )

97 {
$type = $elm ;

99 }
i f ($elm−>getName () == ’ date ’ )

101 {
$date = $elm ;

103 }
}

105 echo ’<l i > <a hre f =" ’ , $url , ’ " t a r g e t ="_blank"> ’ , $ t i t l e , ’</a> <br/> ’ , $author , ’<br/> <b>Desc r i p t i on : </b> ’
, $desc r ip t ion , ’<br/> Type : ’ , $type , ’<br/> ’ ;

107 }

109 i f ( $lo−>getName () == ’ un i t ’ )
{

111 foreach ( $lo −> ch i ld ren () as $un i t l o )
{

113 i f ( $uni t lo−>getName () == ’LO ’ and $uni t lo−>a t t r i b u t e s () == $id_ lo )
{

115 foreach ( $un i t l o −> ch i ld ren () as $elm )
{

117 i f ($elm−>getName () == ’ t i t l e ’ )
{

119 $ t i t l e = $elm ;
}

121 i f ($elm−>getName () == ’ d e s c r i p t i o n ’ )
{

123 $de s c r i p t i on = $elm ;
}

125 i f ($elm−>getName () == ’ author ’ )
{

127 $author = $elm ;
}

129 i f ($elm−>getName () == ’ keywords ’ )
{
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131 $keywords = $elm ;
}

133 i f ($elm−>getName () == ’ u r l ’ )
{

135 $ur l = $elm ;
}

137 i f ($elm−>getName () == ’ type ’ )
{

139 $type = $elm ;
}

141 i f ($elm−>getName () == ’ date ’ )
{

143 $date = $elm ;
}

145 }
echo ’<l i > <a hre f =" ’ , $url , ’ " t a r g e t ="_blank " > ’ , $ t i t l e , ’</a> <br/> ’ , $author , ’<br/> <b>Desc r i p t i on :

</b> ’ , $desc r ip t ion , ’<br/> Type : ’ , $type , ’<br/> ’ ;
147 }

}
149 }

}
151

}
153 echo ’</ul> ’ ;

}
155

}
157

i f ( $f == 0)
159 {

echo ’<h3> Unfor tunat ly Learning mate r i a l s f o r ’ , $ learning , ’ i s not found . </h3> ’ ;
161 }

163
}

165 }
else

167 {
echo ’<h3>You did not s e l e c t any l ea rn ing s t y l e s .</h3> ’ ;

169 }

171

173 ?>

B.2.3 PHP Code of Recommender Component for Personalized Communica-
tion Approach

1 <?php
i n i _ se t ( ’ d i s p l a y _ e r r o r s ’ ,1) ;

3 error_report ing (E_ALL) ;

5 i f ( i s s e t ($_SERVER[ ’HTTP_REFERER ’ ]) )
{

7 echo ’<a s t y l e ="margin−r i g h t :20 px ; "
h re f =" ’ . $_SERVER[ ’HTTP_REFERER ’ ] . ’ ">

9 <<< Back</a> <br/><br/> ’ ;
}

11
$xml = s imp lexml_ load_ f i l e ( " Persona l i zedPerson . xml " ) ;

13

15 func t ion db_connect ( $user= ’ root ’ , $password= ’ nkon86 ’ , $db= ’ Repos i toryForPersonal izedGuidance ’ ) {
mysql_connect ( ’ l o c a l h o s t ’ , $user , $password )

17 or die ( ’ I cannot connect to db : ’ . mysql_error () ) ;
mysql_select_db ($db) ;}

19
db_connect () ;

21
i f ( ! empty($_POST[ " Techn i ca lLeve l " ] ) )

23 {
$ id_category = $_POST[ " category " ] ;

25 $top i c = $_POST[ " t o p i c " ] ;
$T leve l = $_POST[ " Techn i ca lLeve l " ] ;

27 i f ( $T leve l == ’ Bas i c l e v e l ’ )
{

29 $ t e c h n i c a l _ l e v e l = array ( ’ Bas i c ’ , ’ In termedia te ’ , ’ Advanced ’ ) ;

31 }
i f ( $T leve l == ’ Intermedia te l e v e l ’ )

33 {
$ t e c h n i c a l _ l e v e l = array ( ’ In termedia te ’ , ’ Advanced ’ ) ;

35
}

37 i f ( $T leve l == ’ Advanced l e v e l ’ )
{

39 $ t e c h n i c a l _ l e v e l = array ( ’ Advanced ’ ) ;

41 }

43
echo ’<t a b l e bgco lor=#6495ed ><tr><td> <h4> With <i >" ’ , $topic , ’ "</ i> t o p i c you can get help from the fo l low persones : </h4

></td></tr ></tab le> <br/> ’ ;
45

foreach ( $ t e c h n i c a l _ l e v e l as $val )
47 {

$sq l = " SELECT id_person FROM IndexF i l ePer son WHERE id_ca t a l og = ’ " . $ id_category . " ’ && l e v e l = ’ " . $val . " ’ " ;
49 $ r e s u l t = mysql_query ( $sq l ) ;

$f = 0;
51 echo ’<hr/> ’ ;

echo ’<t a b l e bgco lor=#bef574 ><tr><td> Person with ’ , $val , ’ t e c h n i c a l l e v e l : </td></tr ></tab le> ’ ;
53
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echo ’<ol> ’ ;
55

while ($row = mysq l_ fe tch_ar ray ( $ r e s u l t ) )
57 {

$f=$f+1;
59 $id_person = $row[ ’ id_person ’ ] ;

61 foreach ($xml−>ch i ld ren () as $category )
{

63 foreach ( $category−>ch i ld ren () as $person )
{

65 i f ( $person−>getName () == ’ person ’ and $person−>a t t r i b u t e s () == $id_person )
{

67 foreach ( $person −> ch i ld ren () as $elm )
{

69 i f ($elm−>getName () == ’name ’ )
{

71 $name = $elm ;
}

73 i f ($elm−>getName () == ’ p o s i t i o n ’ )
{

75 $pos i t i on = $elm ;
}

77 i f ($elm−>getName () == ’ email ’ )
{

79 $email = $elm ;
}

81 i f ($elm−>getName () == ’ l e v e l ’ )
{

83 $ l e v e l = $elm ;
}

85 }
echo ’<l i > <b> ’ , $name , ’</b> <br/> <b>P o s i t i o n :</b> ’ , $pos i t ion , ’<br/> <b>E−mail : </b> ’ , $email , ’</ l i > <br/> ’

;
87

}
89

i f ( $person−>getName () == ’ un i t ’ )
91 {

foreach ( $person −> ch i ld ren () as $uni tperson )
93 {

i f ( $unitperson−>getName () == ’ person ’ and $unitperson−>a t t r i b u t e s () == $id_person )
95 {

foreach ( $uni tperson −> ch i ld ren () as $elm )
97 {

i f ($elm−>getName () == ’name ’ )
99 {

$name = $elm ;
101 }

i f ($elm−>getName () == ’ p o s i t i o n ’ )
103 {

$pos i t i on = $elm ;
105 }

i f ($elm−>getName () == ’ email ’ )
107 {

$email = $elm ;
109 }

i f ($elm−>getName () == ’ l e v e l ’ )
111 {

$ l e v e l = $elm ;
113 }

}
115 echo ’<l i > <b> ’ , $name , ’</b> <br/> <b>P o s i t i o n :</b> ’ , $pos i t ion , ’<br/> <b>E−mail : </b> ’ , $email , ’</ l i > <

br/> ’ ;

117 }
}

119 }
}

121 }

123 }

125
echo ’</ol> ’ ;

127
i f ( $f ==0)

129 {
echo ’ Person with ’ , $val , ’ t e c h n i c a l l e v e l can not be found fo r the ’ , $topic , ’ t o p i c . ’ ;

131
}

133 }
}

135 else
{

137 echo "<h3>Please s e l e c t t e c h n i c a l l e ve l <h3>" ;
echo ’<hr/> ’ ;

139 }

141

143 ?>
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C Appendix - Interview Questions

Questions before student interacted with prototype

1. Do you know about personalization?

2. Do you know about using of personalization in Learning Management System as
Fronter?

3. How do you understand using of personalization in an LMS? (The question about that
the students understand that “personalization in an LMS” is the same as “adaptive
learning”)

4. What does personalization in an LMS mean for you?

Questions after student interacted with each type of personalization

1. Do you consider this type of personalization useful in an LMS?

2. What do you like in that type of personalization? Why?

3. What do you not like in that type of personalization? Why?

Conclusive questions

1. Do you find including of personalization as useful part of an LMS?

2. What features do you consider as important for personalization?

3. Why is/are the feaure(s) important?

4. What type of personalization or mix of personalization types is the most useful for
you in the learning process?

5. Why do you think that is useful?

6. Will you include additional information about yourself in an LMS, if it helps to adapt
the learning process?

7. Do you have difficulties during interaction with learning objects in the learning envi-
roment (LMS) when you solve learning tasks?

8. What problems do you face during interaction with learning objects in the learning
enviroment (LMS) when you solve learning tasks?

9. What solutions of the problems do you see?

10. Do you know about personalization?
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