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Abstract. This paper presents the description d an Intelligent Tutoring System
under its agents asped, whose main charaderistic is high adaptability degree
ITStrategic is a prototype of a Multiagent System that uses cogritive ajents in its
structure. The agents of | TStrategic use the KQML communicdion language, and the
interadions amongthem are based onfive mmmunicdion/ negotiation protocols. Its
main oljedive is to complement the teading in the dassoom, throughan intelli gent
computational system. It is a friendy system that allows to the student a simple
navigationthroughthe contents, to chocse exercisesto be resolved, and verify how he
isimproving his knowledgment.

1 Introduction

An adaptative Intelli gent Tutoring System (ITS) changesits behavior depending on
the students' mental states. This is an important feaure in such systems which works
in dyremic environments, and reed to guarantee apersonalized instruction. To ded
with such complex question, the ITS area borrows theories, methoddogies and
techniques from severa areas like Psychadogy, Distributed Artificia Intelligence and
Educaion.[10].

Considering the Distributed Artificd Intelligence (DAI) areg it can bringsto ITSa
social philosophy where problems are modeled in a woperative, collaborative and
distributed way, using processes cdled agents. Such philosophy can be gplied in
ITSsarchitedures, sincethis cia approach iscommonto bah aress.

STl ITStrategic prototype was developed from a Multiagents architedure of
cogntive gents. Such agents are cdled Recever, Guide, Information, Tutor and
Delivery.

This paper is organized as follows. Sedion 2 pesents the used vision d
Distributed Artificial Intelligence and Intelligent Tutoring System in Educaion. In
Sedion 3the ITStrategic system structure is presented, emphasizing its agents and



describing the communication languege and protocols . Findly in Sedion 4 some
conclusions are given.

2 Artificial Intelligence in Education

DAl tedhniques associated to teading methods can contribute to read better
leaning levels. In this context, Intelli gent Tutoring Systems have been shown to be
highly effedive & increasing students performance and motivation [11].

Multiagent Systems (MAS) is a DAI's sibareawhich is concerned with the study,
behavior, ande mnstruction o a mlledion o passbly preexisting autonamous agents
that interad with ead ather and their environments[12]. MAS focusisin the gents
structuring, and nd in problem structuring. The designer worries abou the
development of an agents' architecure to work in an autonamous and social way, this
approach consists of coordinating the intelli gent behavior in a group d autonamous
agents, whose eistence ca be previous to the gpeaance of a spedfic problem.
MAS are dasdfied in readive and cogritive. Cogntive MAS are &le to reason
acording to their intentions and knavledge. They have deliberative control becaise
they deliberate which adionwill be exeauted, and later they exeauteit.

The oncept of cogntive gents interading to solve a problem is a strong
metapha of human being behavior, which can be used to structure Intelli gent
Tutoring Systems. This crossfertili zation takes more importance when considering
the posshility to model different pedagogcd strategies to be adopted depending on
the student's mental states. Thisis a challenge on the aeg sincethe most current ITS
workswith orly one pedagogcd strategy througtt al the instruction process

ITStrategic's chief motivation is the dynamic definition d several instructionals
strategies in computerised tutorial processes throughits Multi agents gructure.

3 ITStrategic and Adaptability in ITS

The ITStrategic is composed by five modues. Perception, Sudent, Domain, Tutorial
and Delivery. Additionaly, the system has three Graphicd User Interface (GUI):
Administrator, Sudent and Educator. Figure 1 ill ustrates the system architecure.

In the following will be presented the ITStrategic's agents principles, agents
architedure, communicaion language and potocols and the overview of ead
spedfic agent.

I TStrategic's agents <ill sare based on five design principles, which are:

- Benevolenceprinciple: Agentswill help eat ather, aslongastheir objedives

are nat conflicting;

— Honesty principle: Agents dorit pass on dliberately way, incorred

informationto other agents or to the environment;

- Self-knowledge principle: Each agent has a rred and complete

representation d themselves,

— Asynchronoss Communicdion pinciple. The cmmunicdion among the

agentsisn't necessarily synchronots,

— Open Society principle: Insertion and exclusion o Agents in the society take

placein avery dynamic way.



The achitedureis organized in layers, as described below :

— Interadionlayer : Thisisresporsible for the interadion between the ayent and
the environment. The three posshle interadions are perception d the
environment, adion onthe environment and communicaionwith ather agents;

— Behavior layer : This determines whether the agent will have areadive or
cognitive behavior;

- Coordination layer : Thisis linked to socia behavior. It is resporsible for the
agent's colledive adion taking into acournt such topics as coordination,
cooperation, contribution and regatiation.

The relationship amonglayers compliesto asocia organizaion based onadivities.
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Figure 1: ITStrategic General Functional Architeture




Agents Communication

The communicdion language used by the ajents of ITStrategic is KQML
(Knowledge Query and Manipulation Language) [5], [6].
The messges in KQML are cdled performatives. A message KQML consists
of the name of the performative (adion to be exeauted), their arguments and a
group d optional arguments [6]. In the Figure 2 an example of a KQML
performative is rown.

(Ask-About
:Sender DidadicDiredive Agent
‘Receiver Guide Agent
‘Reply-With Query<#>
:Language Java
:Ontology Tutoria Structur /Functionality/Information
onMental State
:Content :Info Query to inform Conceptual Status
:Par Which Concepts ? <Concept Diredory>)

Figure 2 : Performative Ask-About

The cmmunicaion process among agents involves protocols that seek the
identification, simplification and namalization d tasks inside of a mntext. In that
sense aMAS has communication protocols, where agents request messages or inform
answers under certain conditions aiming at the global solution d the system.

Communication Protocols

In general terms, communicaion protocol is a group d rules to gve suppat to the
communicaion in a net. Protocols can acaomplish, besides the cmmmunicaion task,
the dad in the negotiation process In this hedthy sense denominated negotiation
protocols that are paliti cd that the agents sroud proceal to guaranteethe interadions
with the other agents.

D' Ambrésio, Darr and Birmingham [4] and Costa [3] present the following
communicaion/negatiation protocols: consultation protocol, contrad of a task/adion
protocol, protocol registration, protocol annourcement, protocol of ading d a
task/adion. In the following an abbreviation description it will be given of eat ore
of these protocols that were used in the system I TSTrategic.

The established protocols in this sdion spedfy al the rules for the which the
agents of | TStrategic interadt amongst themselves. These protocols define sequences
of messges, including those that begin and they conclude aprotocol, and pssble
answers for ead recéved messge.

— Protocol Registration: it allows the an agent to inform the other agents of the
society its existence



— Protocol Annource it offers the adility for an agent to inform the other agents of
the society services/adions/tasks that it iswilli ngto offer;

— Protocol Consultation: it defines a sequence of two messages, all owing an agent
to doa @nsultation to the other;

— Protocol Contrad of a Task/Action: it defines a sequence of messages, allowing
to the agent to hire atask of another agent:

— Protocol Acting d a Task/Action: it defines a sequence of messages among two
agents, allowing an agent to communicate the results of atask the other.

To oltain a deger understanding d I TStrategic's proposals and functionaliti es, it
isnecessary to take alook ontheir agents as well as on the interadtions amongthem.

Receiver Agents are resporsible for the initial communication between the user
and the system and are formed by the Administrator Agent, Educaor Agent and
Student Agent. In this version d ITStrategic Student Modue is just formed by
Receaver Student Agent.

The dialogue maintained among system and the user can take to the following
adions:

— Toidentify student: RecaverStudent Agent has an pro-adive adion trying to

identify the student before his expli cit identification.

— To present template: RecaverStudent Agent communicaes with ore of Event
agents ®e&king to present to the student the microstrategy that is being
considered.

— To inform historicd data: It alows to the MAS the accesto the student's
historicd dataincluding his pattern of behavior in the system.

Guide Agent aids in the definition d the student's mental state axd could exeaute
the following adions, as it be adivated by the system administrator:

— Toinitialize gent: It consists of the registration and the ajent's conredion
Guide in Router of JATLite[7].

— Tointroduce student in the system: Guide Agent recaves from the recently
identified student's agent ReceverStudent information.

— To supfdy information onthe Student's Model: In case the student is alrealy
registered in the system, Guide aent begins to work with the Student's
Model. In case the student has been newly registered, yowhe/she aedes a
new Model of the Student that shoud contain besides the persona data, the
data of eat dore sesson.

— To updite the Student's Model: After the Student's introduction in the
system, Guide aent opens an auction process close to MAS for the
acomplishment of the task "Studend Tutoring’. DIAAS will request
aterations in the Student's Model, regardingitsadingin a cetain sesson.

The processof determination d ead student's mental state is known by dagnaosis
and, to doit, I TStrategic uses techniques cdled adions diagnasis.

Throughthe accesto the Student's Model, Guide ayent aids | TStrategic to make
dedsions as: to deted the leaning d a cncept, to deted bugs in the student's mental
state, to deted the mrredion o an missconception.



As observed by McCalla [11], one of the main feaures of ITS is that they
"understand’ the gplicaion damain. Information Agent isresporsible for the acces
to the database of the gplicaion danain in an intelli gent way, and could acamplish
the following adions:

— To initidize aent: It consists of the registration and agent's Information

conredionin Router of JATLite.

— To inform instructional architedure: Tutor Agent establishes a ansultation
protocol with Information Agent requesting the determination d the
appropriate instructional architecure for the airrent student. This adion is
requested bythe agency through prformatives ASK-ABOUT.

— Toinform library abou pradices and tests of the domain of the gplication.

- Toinform Objedives of the domain of the gplicdion.

- To inform definitions, examples, results, hints, megapinciples and
counterprinciples.

The information contained in the domain of the gplicaion may be briefly
Separated into two groups :
— Tutorial Structure : Formed bythe library of bugs, for the relationship between
the cncepts and the objedives and for the remedia operators.
— Instructionals Materials. Formed by the library of examples, library of
pradices and tedt, library of definitions, library of clues, library of texts,
megaprinciples library, counterprinciples library and library of results.

Tutor Agent isresponsible for the following adions:

— To initidize aent: It consists of the registration and agent's Tutor
conredionin Router of JATLite

— Tutoring student: Tutor Agent develops a persondized instructional
linea plan for the student at isaue, and for ead nock of this plan, Tutor
Agent deddes together with Infomation Agent which instructional
architedure will be adopted. Such architedure will be the metastrategy
which defines the tutoring general lines of this node. Tutor Agent also
adive and it controls the tutoring processof ead nock of the generated
instructional plan.

The Tutoring Modue uses the mncept of instructiona planning to generate and
to control the exeaution o the instructional plan to be introduced to a student. In
agreament with [2], instructional planning is the processof sequence onfiguration d
instructionals operations. If exeauted with success they will result in the modificaion
of the student's mental state in the dfed desired. The system, througha global plan of
instructionals objedives, interads with the student and, if necessry, it reschedules his
adion course.

In the achitedure of ITStrategic, the concept of the instructiona planning is
represented in the Tutor Agent's own behavior, through a medchanism of planning
cdled linea Planner, and a mechanism and administration control cdled Exeauting.
The Planner is resporsible for the development of a teating dan personalized to
ead student of the system. Exeauting bases itself on the plan generated by the
Planner for the choice of the instructional architedure (metastrategy) of eat nock of
this plan, aswell asfor the subsequent tutoring control.



For ead nock of the instructional plan generated, Tutor Agent will start a process
with the agents of 1TStrategic for the exeaution d one of the foll owing adions:

— To Tutor direding architedure

— To Tutor architedure by discovery

— To Tutor exploratory architedure

Delivery Agents are resporsible for the instructional dialogue between the system
and the student and are formed by the Didadic Instructional Architedure Agent
Society (DIAAS) and bythe Instructional Event Agent Society (IEAS). This dialogue
ocaurs througha communicaion retwork in two levels. In thefirst oneit is gedfied,
for DIAAS, the maao and microstrategies to be gplied. In the second level, the
microstrategies are exeauted by IEAS.

Each agent of DIAAS is known as Didadic agent, and ead agent of IEAS as
Event agent.

The Didadic Instructional Architedure Agent Society is compaosed o
DidadicDiredive, Didadic-DiscoveryOriented and DidadicExploratory agents, that
can be adivated by Tutor Agent (through bdding related to the tutoria of a cncept),
as a result of a process of negatiation d DIAAS, or by a student (in the case of
Exploratory architedure):

The Didadic agents will be resporsible for the following adions, with their
respedive subardinated adions:

1. toinitializethe gent

2. to Tutor diredive/oriented architedure for discovering/exploration

a. to structure pre tests presentation

b. to structure presentation d the goals

c. to structure presentation o the recovery of previous knowledge necessary to the

leaning

d. to structure presentation d the instructional material

e. to structure presentation d the tutorial attendanceto the instructional material

f. to structure pradice presentation

g. to structure presentation d corredive return of pradice

h. to structure summary presentation

i. to structure post-test presentation

j- to structure presentation d corredive return of post-test

k. to structure presentation d retention adiviti es and transfer

It is worth emphasizing that the adion "Tutoring architedure" is related to eah
Didadic Agent.

The Instructional Event Agent Society operationali se the nine instructional s events
proposed in Gagné [8]. Such events represent the instructionals microstrategies of
I TStrategic, giving suppart to the internal processs of the student's leaning.

The interface between the student and the system is exeauted by the Receaver
agent, under Event Agents dired orientation. The Recaver Agent works with
template, screens compositions pre-determinated for the dlocaion d instructionals
objeds. Filling these positions is persondlized by Event Agents, Guide ad
Information Agentstaken into consideration.

The exeaution d amicrostrategy has the foll owing effeds:



- Presentation d an instructional event;
— Updating d the Student's Model;
— Movement for other microstrategy, when needed.

5 Conclusions

The aticle presents ITStrategic System, an ITS based on an architedure of
agents able to dyramicdly define its instructionals drategies to increase the
adaptability of the system to students.

Agent-based spedficaion favours a high degree of abstradion. Each agent
process performs particular roles besides their cooperative, colaborative and
distributed perticipation.

Noteworthy is the fad that ITStrategic is a Multiagents ITS cgpable of
dynamics determination along with its explicit goal (instructionals maao and
microstrategies).
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