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ABSTRACT: This work presents the framework and functionality of the Tracking subsystem in the Individually Adaptive Learning Management System (IALMS). As
a result of the current learning management systems analysis, there is revealed a reality of resources offered to the e-learner by the computing machines that have
never been mastered. These resources belong to the intelligent computer systems. While the modern e-learning systems utilize the multimedia and communications
capabilities of computers, they don't pay adequate attention to the opportunity of a strategically planned conducting of the educational process. The small number of
intelligent learning management systems differentiate from IALMS by that the latter represents a project of a generalized learning management system, not having
strictly predefined pedagogical categories and structures. IALMS is built on three major units, situated subsequently along the information stream. They are:
Tracking subsystem, Individualizing subsystem, and Adaptation subsystem. These units are typical for their programmability and flexibility. The current article
examines the framework and functionality of the Tracking subsystem in IALMS.

CTPYKTYPA U ®YHKLINOHANTHOCT HA CNEAALLA MOACUCTEMA B MHANBUAYANHO-AQANTUBHATA CUCTEMA 3A ENEKTPOHHO OBYYEHUE
(WACEO)

PE3IOME: Hacrosiwara nybnvkauus npeacraBs CTpykTypaTta M (yHKUMOHanHocTTa Ha Crepsliata nopcuctema Ha WnovBuayanHo-aganTvBHata cuctema 3a
enekTporHo obyuyenmne (MACEQ). B pesynTar oT aHanu3a Ha pa3npocTpaHeHuTe cucTemu 3a e-learning, ce paskpuBa eAHa PearnHoCT Ha HEeYyCBOEHM Pecypcu,
KOWTO M34MCIMTENHUTE MaLLMHK NpeanaraT Ha obyyasaHus. ToBa ca pecypcuTe, NPUHaZNEeXaLy KbM cepaTta Ha MHTEMUIEHTHUTE KOMMIOTBPHN cucTemu. Ako
MOJIEPHITE CUCTEMI 3a ENEKTPOHHO 0Dy4YeHe OMON30TBOPSBAT MyNTUMEAMIHUTE W KOMYHUKALIMOHHYM Bb3MOXHOCTI Ha KOMMIOTPUTE, Te He 0BpbLUAT A0CTaTbYHO
BHVIMaH1e Ha Bb3MOXHOCTTa 3a CTpaTernyecku-nnaHpaHo npoBexaaHe Ha yyebrus npouec. MankoTo Ha 6poii MHTENMUIeHTHN CUCTEMM 3a eNeKTPOHHO 0byyeHne
ce pasnuyasat ot MACEO no ToBa, 4e nocnepHata npeAcTaBnsBa NpoekT Ha oboblueHa cuctema 3a e-learning, 6e3 cTporo npeaeduHMpaHn nesarornyecki
kateropuu n cTpykTypu. MACEO e narpageHa OT Tpu OCHOBHM 3BEHa, Pa3nonoXeHN NocneaoBaTenHo B MHGopMaUmoHHus noTtok. Te ca: Cregswa nogeuctema,
MHovBupyanuanpawa nogcuctemMa v Agantupalla nopcucTema. Tesn 3BeHa Ce XxapakTepusupaT C MporpamupyemocT v MbBKaBoCT. B HacToswata cratus ce
pasrnexga CTpykTypata 1 yHKUMOHanHocTTa Ha Crnegsarta nogcuctema Ha MACEO.

Introduction two categories: adaptation of educational content and
adaptation of learning paths (links). ESC also defines a
Individually adaptive leaming management systems are based number of adaptation control levels. These are certain
on the intelligent computer systems and perform adaptation of operations on the adaptation process categories.
the educational process towards the learner aiming at an The Adaptive subsystem of the individually adaptive learning
increase of educational results and satisfaction of the learner’s management system explores leaming on generalized bases
needs and interests attainable in the process of leaing and ~ Without predefined pedagogical categories and strategies.
suitable with the educational course. This type of organizinga ~ This approach proposes a versatile mechanism for
learning management system (LMS) is based on the formalization of different adaptive learning models. To achieve
possibility to store characteristic information about the learner this task, a formal language for describing the generating
into a database. The LMS user’s behavior directly affects the structure of the educational material is used as a part of the
interactive communication between the user and the system. ~ Adaptation subsystem. .
To attain individualization of the educational process and This paper examines the structure of a generalized
consequential adaptation, this information should be taken intelligent e-learning system that separates the process of
into account and stored. Then this information is being intelligent learning into stages that are tunable and hence not
analyzed and variations in the LMS’s behavior towards the dependant on predefined pedagogic methods. The LMS
educated are being undertaken7 based on this ana|ysisl We presented in this article owns f|eX|b|||ty of defining both the
call these changes in the LMS's behavior adaptation of the categories of the individual information and the educational
LMS towards the educated while the storing of characteristic material structure. The current project could be looked at as a
information about the user — individualization as stated in generalized model of an adaptive e-leaming system, allowing
Ivanov (2003). Adaptation and individualization concepts are the structure of the educational material and the functionality
thorougmy examined and defined by Brus”ovsky (1999) of the traCking, indiVidua”Zing, and adaptive SUbsyStemS to be
The current trends in individually adaptive e-learning offer programmed. The structure of the Individually adaptive
versatile leamning models suited to different pedagogic learning management system is presented in lvanov (2004).

paradigms exploited in certain fields of education. Such
approaches have been undertaken by Kinshuk et al (2000) Basic Structure
and Kinshuk et al (2004).
Kinshuk and Taiyu Lin give a good example. The work The Individually Adaptive Learning Management System
presents a formalization scheme of the Exploration Space (IALMS) consists of a core of three subsystems:
Control (ESC). Kinshuk defines the process of adaptation in 1. Tracking subsystem
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2. Individualizing subsystem
3. Adaptation subsystem

IALMS offers the following functionality. The e-learning
system’s behavior adapts to the learner’s one, with the goal of
maximizing the assigned results. The behavior adaptation is
performed by the Adaptive subsystem. Adaptive subsystem
alternates the output to the user taking into account the stored
information about learners. This information is organized into
individual profiles — one profile for each learner. The process
of adaptation is impossible  without  preliminary
individualization. The individualization process is carried out
by the Individualizing subsystem. It is responsible for the
creation of individual profiles of the learners. The individual
profile consists of characteristic information, which is being
collected in the process of interaction between the users and
the LMS. To enable the LMS to follow the learner’s behavior, it
is needed a subsystem for tracking events that carry
characteristic information. This system is called tracking
subsystem. The latter includes the definition and following of a
number of events that are called functional events. These
carry characteristic information. Finally, to let the user
communicate with the system, an auxiliary interface unit is
implemented. Thereby arises the structure of an intelligent,
adaptive, individualizing, and tracking learning management
system - Individually Adaptive Learning Management System.
The basic IALMS structure, presenting its philosophy is shown
on fig.1. Fig.1 presents the information stream, cyclically
passing through the educated and the system.

The information stream in IALMS is developed on one hand
between the system and the learner, and on the other -
among the different subsystems. Thus the information stream
is divided into stages, each one of which is represented with
the type of conveyed information.
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Fig. 1. IALMS basic structure

While the interface unit does not semantically process the
information that passes through it, but only the form of its
presentation, it does not belong to the IALMS core. The core
consists of subsystems for semantic information processing.
The information sent to the educated and received back from
them, is called educational material. In the IALMS project the
educational material concept is more general than its standard
sense. The educational material consists of sessions. The
session is composed of educational blocks, being passive or
active. As an information stream between the educated and

the system, the educational material carries two-way
information:

1. Outgoing information: from IALMS to the learner

2. Incoming information: from the learner to IALMS

All blocks forming the sessions of the educational material
may convey outgoing information, while only a subset of
blocks may convey incoming information. The latter are called
active blocks, and the others are called passive blocks.

Educational material definition

As earlier mentioned, educational material is the information
stream flowing between the learner and the system. It is a
two-way stream carrying incoming and outgoing information.
Educational material consists of sessions. The session is the
smallest undividable unit of the educational material. The
educational content is delivered to the student one session at
a time. Working over a part of a session or more than one
session is not permitted. The comparison to traditional
learning relates a session to a lesson form a textbook or a
lecture of an educational course. There is one main
difference, though, forming the adaptability features of the
system. It is the variation capability of the session and hence
of the educational material. Adaptation is the process of
alternation of the session content aiming at delivering the
most suitable content to the individual learner. Sessions
consist of blocks. Generating an individual and adapted
instance of a session is performed by selecting a subset of
blocks form the generating structure of the educational
material. The generating structure of the educational material
is an information structure belonging to the Adaptation
subsystem of IALMS and is described in Zabunov (2004).
Then this subset of blocks is being merged and the newly
generated session is being passed to the student. When the
latter finishes working over the session they send back the
session to the system and thus submit the so valuable
incoming information that carries the characteristics of the
learner. There are two types of blocks defined: passive and
active. Passive blocks carry only outgoing information and
they are part of the outgoing informational stream, while active
blocks are allowed to carry two way information namely
outgoing and incoming. That is why the incoming session
consists only of active blocks as opposed to the outgoing
session, which contains both of active and passive blocks.
This is the educational material flow, beginning from the exit
point of IALMS and ending into the entry point of the system.
The exit point is the subsystem that generates educational
material. This is the Adaptation subsystem (fig.1). The entry
point is the Tracking subsystem, subject to this paper.

Tracking subsystem

The IALMS’s tracking subsystem appears to be the entry point
of the information stream to the IALMS core. Tracking
subsystem processes only active blocks of each session.
Educational material blocks own certain types defined in
IALMS. According to its type, each active block is being
processed by a corresponding interpretation function. The
result from the work of the interpretation functions consists of
a set of attribute values. Their meaning is implemented in the
attributes forming each user’s profile. The value of a given
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attribute corresponds to the quantitative measurement of a
given learner's characteristic. Block types are defined in the
adaptation subsystem, where the educational material content
and the generating structure of the educational material are
being defined. Attribute types are defined in the individualizing
subsystem and interpretation functions are setup in the
tracking subsystem.

Tracking subsystem architecture

The tracking subsystem is the entry point of the information
stream coming from the user. As described above, only active
blocks are reaching the tracking subsystem. Each block has a
type that is defined in the adaptation subsystem. According to
the block’s type a multiplexing procedure is carried out and
each block from the information stream is directed to the
appropriate interpretation function (see fig. 2). For each active
block type an interpretation function is defined in the tracking
subsystem. The purpose of the interpretation function is to
interpret the result of the educational process involving the
current student. The result of this interpretation is extracting
the characteristic information about the user. Characteristic
information is stored by the individualizing subsystem in the
form of attribute values. A certain attribute corresponds to a
certain characteristic of the educated. For example, an
attribute is the student's logical thinking ability. Student's
characteristics are relatively calculated by quantity levels
expressed with floating point numbers.

When an active block arrives, it is assumed that it carries
information about the defined categories of attributes. The
interpretation function calculates the quantitive value of each
of the attributes that are carried by the current block. Not all
block carry information about all defined attributes. As a result
of its execution the interpretation function returns a vector of
attribute values. This vector is a subset of all defined
attributes. The attributes are later processed by the
individualizing subsystem where the personal file of each
educated is being maintained. Defining attribute types,
interpretation functions, and block types is a process involved
in the creation of an educational course. When these
elements are programmed the rest of the work for creating the
educational course proceeds with entering of educational
material into the adaptation subsystem and the individualizing
and tracking subsystems remain untouched. Thus the
educational course creation process divides into two stages.
The first stage encompasses global course definitions. Here
falls the configuration of the tracking subsystem. The second
stage involves less technically related editing and concerns
working on the adaptation subsystem only.

Conclusions and future work

The Individually adaptive learning management system
project defines a generalized model of a tracking,
individualizing, and adaptive e-learning system that enables
the creation of specialized and still intelligent electronic
learning environments. IALMS encompasses intelligent
computing and modern e-learning strategies aiming to achieve
a generalized programmable and flexible electronic
educational environment.
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Fig. 2. Tracking subsystem architecture
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