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Abstract:

Intelligent computer teacher and appropriate simulated |earning environment were
elaborated ensuring high quality individualization of learning process.
Individualization of learning processis realized in two ways. Learners can use node
points structure for selection of their own learning path ensuring individualization of
learning process. Intelligent computer teacher ( by the use of artificial intelligence
means) can adapt to learners knowledge and abilities ensuring also individualization
of learning process. Many experiments concer ning investigation and optimization of
intelligent computer teacher performance were carried out in simulated learning
environment . Such simulated environment ensures possibility of trials repetition from
the beginning (impossible in real environment).

1 Introduction

Rich artificial intelligence methods and tools give large possibiliGesreation of teaching
systems with intelligence. Use of rich artificial intelligenceams by intelligent computer
teacher (intelligent teaching system) enables individualization of legoniegss (adaptation,
in continuous manner, to learners knowledge and their abilities ensuring optimaimgear
process for each learner). It is possible by integration of teachingspr(ieaching actions)
and evaluation of learner knowledge (testing actions). Intelligence of sietligent teaching
system is contained in its pedagogical decisions (how and what to teach) améiioior
about learners.

Intelligent computer teacher (ensuring individualization of e-learnioggss) and appropriate
simulated learning environment (comprising different learner maeisrated randomly that
form population of models similar to population of real learnersiewsaborated. Such
simulated environment, very useful for optimization of learning psyegssures possibility of
trials repetition from the beginning (impossible in real environmant) examination of

system performance for different models populations (big vagktyodels enables high
guality individualization of learning process). The environment wasridbesl in my paper [5]

“Simulated Environment for Optimization of E-Learning Proces®spnted at ICL 2006,
Villach, Austria last year.

Different types of e-learning systems according to teachers notgdualization of learning
process from pedagogical point of view, structure of intelligent teachitensys
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investigations (carried out in simulated environment) concerning intelligergutenteacher
performance and optimization and their results are presented in the paper.

2 Learning Process

2.1 Pedagogical theories

E-learning systems for high quality e-learning process should be designedland bui
considering pedagogical theories of learning (ensuring good understanhtkagning
process). Now it is possible to distinguish the following pedagogical themmegrning
learning process:

behaviourism - defining learning as a result of reaction for stimuli;

information processing model - according to cognitive psychology a learner processes
information similarly to a computer;

constructivism - defining learning as building of knowledge being a result of interpretations
assigned to learner experiences.

Learning process.(according to pedagogical theories) does not chahgmmols that support
such process change. Information and Communication Technologies, beairg adecation,
are new tools added to existing tools, that facilitate learpmgess. These tools should be
used as a set of creative and cognitive tools, not only tools tloergeg, storage and transfer
of information, ensuring high quality and effective learning. Veryckjuevelopment of
Information and Communication Technologies has enabled the birtHeafreng systems
that should ensure creative and cognitive e-learning process fporsugf intellectual
processes in human brain facilitating knowledge creation.

2.2 Individualization of Learning Process

Individualization of learning process (according to pedagogical theories)sse of
individual learner features and increase of his individual possibilities for anmeenef
better learning results.

In accordance with pedagogical analysis and appropriate investigat®psdsible to
distinguish the following manners of learning process individualization:

= individualized time assignment - learner should receive enough time for learning
didactical material according to his abilities, learning styles and tehtires;

= knowledge completion — use of repetitions and leveling lessons;

= changes of learning content scope and structure — learning content should benigtere
and appropriate for learner characteristics;

» individual goals — learner should be informed about their individual learning goals;

= selection of appropriate learning method — frequency of repetitions, waydbbfde
individualized control of knowledge, scope of didactic material and learning goals should
be consider;

= |earner groups — learners are grouped according to their abilities, igtetssts,
performed roles;
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= use of learning means — learners receive individual didactical packets aantaini
didactical materials in accordance with learner characteristyesiter with individualized
learning program.

3 Types of e-learning systems according to teachersles

Modern e-learning systems change the role of a teacher from a person wHedwes in

a didactical form (traditional teacher) to the tutor who supports learndrsiingarning
process (asynchronous and synchronous interactions between a tutor and leamers). It i
possible to distinguish two kinds of a teacher in e-learning systems: humaer i@adh
computer teacher. | have made a classification of e-learning systerospidance with new
teachers roles, presented below (p.3.1-p.3.5).

Creation of an appropriate e-learning system that supports learners shouldrconside
pedagogical theories concerning learning process, creative ande{gatiures of a
computer (as an extension of a human brain), learners needs and their chiazacteris

3.1 Stanford system

Learning process is transparent for a lecturer. Lectures traedritttelevision were

recorded on video cassettes, digitalized and accessible by the use of (nidawebdn

demand). Students were allowed to take the lectures asynchronously. Their homeadorks a
exams were synchronized with those for students on-campus or by broadcasprtel€uisi

the lecturer, there was no difference between an Internet student aradlitienal and
television student. Degrees received in an on-line mode are of the same valuees deg
received in an on-campus mode.

3.2 E-learning system with human tutor

Human tutor (new profession) supports learners in the learning process bstimtera
synchronous and asynchronous modes. Domain knowledge (to learn), learning technology
knowledge and knowledge how to use computer and communications tools are indispensable
for human tutor to facilitate learning process. Human tutor uses asynchronous and
synchronous tools for communication with learners. Synchronous tools are very good for
brainstorming and starting of new activities. They enable immediate f@edksynchronous
tools are very good for self-paced learning, collaboration between Iedrowr different time
zones. They enable reflected feedback. In the case of synchronous communitasomare
easily keep the thread of a discussion on track than in the case of asynchronous
communication. In the case of asynchronous discussion tutors can answer only dnce to al
(instead of giving answer to each learner) learners and can moderateiaisait®ut the
pressure of time (not immediately).

3.3 System using knowbots

Repetitive tasks of human facilitators can be automated by the use of@mtedgents
techniques. Knowbots (Knowledge Robots) are intelligent software agents useaéen onli
courses that simulate a human relationship, by doing something that another person could
otherwise do. Knowbots use intelligent agents techniques. Learners appreciatiate
feedback and the ability to get help rapidly. They want effective immeeiatdéack (human

or machine). Feedback can be provided by intelligent agents in an on demand mode.

3(11)



Conference ICL2007 September 26 -28, 2007 Villach, Austria

Knowbots can perform the duties of online facilitator (tutor) for routine tasks. aregylaced
between the learner and the teacher/facilitator, enabling the interaction.

3.4 Hybrid system

They are combination of E-learning system with human tutor and System usinigdtaow
They use knowbots (see p. 3.3) for automation of repetitive tasks, performed by human
facilitators, by the use of intelligent agents techniques. Human tutor canwooate with
learners by the use of asynchronous and synchronous communication tools (see p. 3.2).

3.5 Intelligent teaching system

An intelligent teaching system (computer teacher), using artificidliggece means,
facilitates the learning process by continuous adaptation to individual leaeulsr aved
learner characteristics during learning process. Intelligence bfsygtem is contained in its
pedagogical decisions (how and what to teach) and information about learnams.1Fig
shows the concept of such system in accordance with IEEE LTSC standards.

Interactions
Learners-Teachel

A

Material Evaluation of
presentatior Learners

Teaching
Supervisor

Domain Learner
Knowledge y Model

Didactical
Methods

Figure 1. Intelligent Teaching System

The Teaching Supervisor is used for control and co-ordination of athgyanents. The base
of Didactical Methods contains different didactical methods suppocdingse authors and
educators. The Learner Model stores information concerning individaahdr (especially
learner current knowledge state). Learner Model is a set @meders containing the
information about learner’s personality, experience, educationintipigrtant for each system
adaptive to a user. Domain Knowledge contains learning contents. diegidll presentation
component enables presentation of learning contents in differentagagsding to learner
characteristic (on the bases of currently updated learner mathel)Evaluation of Learners
component determines the performance of the learners usinglteststeractions Learners-
Teacher component determines the level of interactivity of a learningpement.

The intelligent teaching system uses information from a learner modelento determine
pedagogical decisions for each learner (especially to control leapregress and to adapt
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the course presentation to individual learner). Teacher strategies codmgaistcal methods
and the way of material presentation. In practice a teacher uses moonéheaching
method during teaching a subject according to the type of domain knowledge. Sedsber
switch from one method to another method for the same material according to student
different styles. An effective intelligent teaching system must betalgsovide multiple
teaching method.

4 Intelligent Computer Teacher (ICT)

4.1 Learning individualization

Elaborated Intelligent Teaching System enables individualization miihggprocess in two
ways.

%

S

Figure 2. Exemplary node points structure

In first way individualization of learning process is done by learner using pwdes

structure (figure 2). Didactical program (enabling own learning patbdsed on the structure
of node points. Each node point can contain associated units (parts of didactical)nrateria
different formats. Central link, beginning and start do not occur in the node pointisruict
gives possibilities for interdisciplinary knowledge presentation. It alssgossibilities for
education in the area of creative thinking. Learner can begin to learn from any nude poi
Structure of node points enables learners to make decisions during learning. (ockss
structure enables learners selection of learning path ensuring individoaliablearning
process.

In second way individualization of learning process is done by an intelligent cortgadker
that adapts, in continuous manner, to learners knowledge and abilities ensuring optimum
learning process for each learner.

4.2 Structure and performance of Intelligent Computer Teacher

Intelligent Computer Teacher is realized by a computer program ensigimguality
individualization of learning process. It works in accordance with algorithm ohopti
teaching. It uses two kinds of pedagogical actions: teaching actions angl &etbns.
Teaching actions enable realization of teaching process. Testing agtadrie evaluation of
learner knowledge. Integration of teaching process (teaching action®waithation of
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learner knowledge (testing actions) ensures optimization of IntelligenpGter Teacher
performance (high level degree of teaching process individualization enksawngng in
optimum selected mode for each learner).

Examination and optimization of Intelligent Computer Teacher performanceeeaqueation

of an appropriate simulated environment that comprises population of various learnksr mode
(big variety of models enables high quality individualization of learning psdcenerated
randomly ensuring population of models with ability distribution similar to tyibgity
distribution of real learners group. Such simulated environment enables to perfoym man
trials that are difficult or impossible to realize in real environmentsdt @nsures possibility

of trials repetition from the beginning (impossible in real environment). @&tion of

Intelligent Computer Teacher performance ensures optimization of E-Le&rtogss.

Intelligent Computer Teacher (figure 3) consists of two main componenisgeaixtractor
and neural network. Features extractor is created as a rule systemedliis its own memory
information concerning whole didactical process (pedagogical actionsrpeddry computer
teacher and their results). It uses information from learner model in ordentrol learner’s
progress and to adapt to individual learner. Information concerning pedagogmas act
performed by computer teacher and test results concerning learnersdgmwate Input to
Features extractor. Features extractor module analyses inforntatiech is its memory and
extracts some features that are the output from extractor and simultanepusty neural
network. They are used by neural network to select and perform appropriategeealago
action for individual learner.

Teacher au @
—> _A_._>|

Features Neural KT
-4->| extractor network —> - >

v

A 4

|2

Figure 3. Intelligent Computer Teacher

Some optimization criteria of ICT performance were formulated famexation of ICT
performance:

— achievement of maximum possible level of knowledge by representative groupoobvari
learners in the scope of didactical material (course containing didactits)l heing
taught. ICT performance is evaluated by the results achieved by learpalatjpm during
teaching process;

— achievement of maximum possible level of knowledge by best learner in the négrese
tive group of various learners in the scope of didactical material (coursercogt
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didactical units) being taught. ICT performance is evaluated by thesrasthieved by
learners population during teaching process;

— achievement of maximum possible level of knowledge by weak learners in thentares
tive group of various learners in the scope of didactical material (coursercogt
didactical units) being taught. ICT performance is evaluated by thesrashieved by
learners population during teaching process.

Many experiments concerning ICT performance (according to theésgajrhave been made
in the simulated environment. Appropriate structure of neural network, as a component of
computer teacher, is designed. Training of neural network (according to @iomiz

criterion) is required for better work of Intelligent Computer TeacheerAftany trials

neural network (component of ICT) acts better. After training neural metvebects and
performs an appropriate optimum pedagogical action for each learner modeizafpdn of

ICT performance). ITC can also work without individualization but then the restiitsved

by learners are worse.

Y1 Yo Y+
Outpu
N\
HM 4 HM- HMp
® 6 0 06 06 0606 06 0 0 0 0 o0 O Hidden
layers
Input

Figure 4. Exemplary neural network

Below is consider neural network after training by the use of first optimizetiterion. After
training neural network selects and performs an appropriate optimum pedagotarafor
each learner model;.UTS, by the use of settled number of pedagogical actions (selected by
neural network according to algorithm of optimum teaching) enables the achigveim
highest level knowledge within the course by representative group of diffeaenérs. First
time ITS (especially neural network) delivers the same teachingresgjteall learners
models. Next pedagogical sequences delivered to learners models (diffeyntitular
learners models) depend on previous sequences and their results (test results) e
individualization of learning process for each learner model. The following compdrs
been made: ITS using the same pedagogical sequences for each learh&élomodenerated
models population (ITS teaching without individualization) and ITS using different
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pedagogical sequences for each learner model from the same as previousopagulat
generated models (ITS teaching with individualization). The results achiigveodels
population being taught with individualization were much better than the resultsextbig
the same models population being taught without individualization.

4.3 Simulated Environment

Simulated learning environment is elaborated enabling investigation amdizegpion of
Intelligent Computer Teacher. More detailed description of such envamnis in my paper
[5] “Simulated Environment for Optimization of E-Learning Protgsgsented at ICL 2006,
Villach, Austria last year.
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