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Abstract. Intelligent Tutoring Systems (ITS) are inherently comptmmain-
oriented software systems which are frequently pointecbgutesearchers as
suitable applications for the multi-agent approach. Dey@hg and maintain-
ing Multi-agent ITS are a hard task since it involves différstakeholders, with
different expert and roles, such as developers, for dewadopew software fea-
tures; domain experts, for managing ITS knowledge domaithas, for cus-
tomizing ITS execution for a given context; and users, whiehnot aware
about ITS complexity and require a friendly user interfazeénteract with the
system. Some works have been proposed to support the deeslopf ITS, but
they do not consider the stakeholders involved in the wheleldpment and
maintenance processes. In this paper we present a framdwaidksigning, de-
veloping, and maintenance of Multi-agent ITS. This frant&&ans to be useful
to ITS developers, domain experts, authors and users,graya different view
for each stakeholder, with different tools to support thegtivities. Indeed, it
is introduced the first steps towards the framework archite; design, and ex-
tension points, detailing how to customize them for speddimains focusing
mainly on developers. Finally, to illustrate our proposglmoach a case study
is presented.

1. Introduction

Software engineering continually searches for effectgraaches to manage the com-
plexity that is inherent in most software systems. InteligTutoring Systems (ITS) are a
kind of complex, domain-oriented software systems whiehfeequently pointed out by
researchers as suitable applications for the multi-aggprioach.

Developing and maintenance of ITS applications are harétstaproving
to be complex and often requires a high cost of production ammntenance
[Aleven et al. 2006]. It includes different stakeholdersthwdifferent expert and roles,
such as developers, for developing new software featumesath experts, for managing
ITS knowledge domain; authors, for customizing ITS exaenufor a given context; and
users, which are not aware about ITS complexity and requinerdly user interface to
interact with the system.



Some works have been proposed to support the developmehBpbut they do
not consider the stakeholders involved in the whole devett and maintenance pro-
cess. To address these concerns, this paper introducessth&dps towards the frame-
work for designing, developing, and maintenance of Muigiat ITS.

The proposed framework aims to be useful to ITS developensiaih experts,
authors and users, providing a different view for each stakker, with different tools to
support their activities. Particularly, it provides to éépers an approach to guide the de-
velopment of ITS according to the multi-agent architectieaved from Mathema model
[Costa et al. 1998]. This model offers an agent-based IT&ded for providing coop-
erative interactions between human and artificial agemisgpily motivated by problem
solving situations. Its main goal is to increase the opputiees for students to construct
their own knowledge through a problem-based learning amtro

Additionally, in order to building ITSs applications, thewklopers have to use
ontologies to configure all the extension points (such agdsional view of the mathema
and agents), detailing how to customize them for specificaiom Furthermore, a case
study is presented to describe the extension points of #&medwork.

The remainder of this paper is organized as follows. Thearebecontext is dis-
cussed in Section 2. The proposed framework is describe@dtid® 3. A case study
by using this framework is discussed in Section 4. Finalbyyausions are presented in
Section 5.

2. Research Context
This section aims to primarily describe some importantati@ristics of Mathema model

which has been considered useful to clarify this work. Thehdma model was used as
a conceptual basis for the proposed paper, because it @pgioa model for multi-agent-

based intelligent tutoring systems. Moreover, the impletaggon architecture for the

proposed framework is presented.

2.1. Multi-layer Architecture
The architecture showed is more concerned with implemientaispects and roles pre-

sented in ITSs. These roles can be divided into two typeshéydles concerning the
ITS’s building process and 2) the roles concerning the usgegenerated ITS.

The roles regarding the conception and development are: eWeldp-
ers/programmers: they are responsible for developing ddohg new functionalities to
the framework layer; ii) Authors/Non-programmers: theg agsponsible for configur-
ing the system by defining the learning objects, specify tloelets (domain, student,
and pedagogical), and others. In addition, author as krdyyeleengineers is presented
in this layer, being responsible for configuring the knowjedased mechanisms, such
as case-based reasoning and rule-based reasoning; iii3:Ubey are responsible for
providing/defining the requirements of the intelligentiing system.

In addition, the roles concerning ITS’s usage are: i) Sttglahey learn through
the interaction with pedagogical researches and with stif@aman and/or artificial)
agents; ii) Teachers: they collaborate/give support tdesits in the learning process;
ii) Artificial Agents: they are computational agents thaenact with students by provid-
ing cooperative support during the problem-solving precé&sgure 1 shows a multi-layer
architecture for building agile intelligent tutoring sgats.

The architecture was developed as a multi-layer architee@nd it has the follow-
ing layers:
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Figura 1. The Multi-layer Architecture.

e Framework: it is maintained by developers who can add newtiomalities. The
inputs of this layer are three ontologies: 1) Mathema Omjgiladt represents the
educational specification, defining the pedagogical, stiydad domain models;
2) Inference Ontology: it represents the ontology used lywkadge engineers
to configure inference mechanisms and 3) Interaction Ogyolthis ontology is
responsible for the interaction between the agents. Thaubof this layer is an
instance of the framework;

e Authoring: this layer is responsible for providing authaish a user-friendly in-
terface which is used in the ontologies specification. Tpetwof this layer are the
requirements of the desired ITS application and the outgutasents ontologies
populated with individuals according to these requiremsent

e Application: this layer represents the user applicatiod snused to: i) define
the requirements of the desired ITS, where these requirsmegard fundamen-
tal information for personalized tutoring systems and mpfiusers as students,
teachers, and others.

The focus of the paper is the framework layers with its inpud autput aspects.
The next sections show details about this layer.

3. The proposed Framework
We have developed an ontology-based framework, c&ideBILE, to facilitate the devel-

opment of multiagent intelligent tutoring systems. Thelgaé this framework are three.
First, assure the low time cost for building intelligentaxibg systems, with a minimal
amount of code modification. Second, provide an adaptivéicgtion according to the
necessities of the user. Third, evolve the autonomousitgtagent’s knowledge and in-
ference capabilities. The technologies used in the dewatop of the framework were
Tomcat Jade Protege and OWL-DL Figure 2 shows the ontology-based framework for
multiagent building intelligent tutoring systems.

These agents were developed using the Jade Framework witiciigs mech-
anisms for agent interation and message exchange. In @udtade implements the
interoperability standards for agent communication (FIRAowever, in order to agents
interact and provide students with personalized tutorysgesns, some specifications have
to be described. Three ontologies were developed in ordesdore the agile ITS’s devel-
opment. The next subsection discusses the developed gi@slo
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Figura 2. Agent-based Learning System.

3.1. Ontologies

The ontologies were used to: i) assure the interaction anttem@gents, ii) specify the
domain, student, and pedagogical models and iii) confiqufez@énce mechanisms.

3.1.1. Interaction Ontology

A communication protocol was defined to the agents in the éwaonk. This protocol
was specified through the construction of an ontology usiotgigé. This ontology is de-
fined by a triple, which are: Agent(basic information abdwé &gents), Service(services
provided by each agent in the framework) and Ability(atait presented in the pair
< Agent, Service >). Each agent in the framework is an individual in the ontglog
The specified ontology is described in Figure 3.

Agent

description ‘ String,

ip [ String

agentName | string

className ‘ String, uperClass

sensorTime | Integer
ms_ Hability | Instance* | Hability |

has_Service ‘ Instance™ ‘ Service
SuperClass | Instance | Agent
s Hability* ~isChild* \
—
description ‘ String

isComposedBy_Hability | Instance* | Hability | JsC . Hability* i s Service*  jsOwnedBy_agent*

Service
Instance™
Agent

defaultHability | Instance | Hability

Hability
habilityName [ String

isChild

isChild* ™_has_Hability*

Service

serviceName ‘ String
has Hability | Instance* | Hability )if‘
s
isOwnedBy_agent ‘ Tnstance™ ‘ Agent

isComposedBy_Service ‘ Instance™ ‘ Service
defultService | Instance | Service

Figura 3. Interaction Ontology.

Indeed, this ontology has information about the implemt@mta like the name
of the packages and description of each service/abilitye uthis aspect, if any ser-
vice/ability has more than one implementation, a defaui@mentation is defined in the
ontology. In other words, this ontology allows inversiorcohtrof in the framework.

Inversion of Control is one of the properties presents iraanwork [Fontoura et al. 2001].



3.1.2. Mathema Ontology

The ontology was developed through the integration witleotlsearches, contributing
as with ontologies as with theoretical approaches [Bitenicet al. 2006a]. These con-
tributions are cited along the following subsections.

Domain Model The domain model is responsible for the knowledge alhat will
be taught The researches evaluated to build this model were [P.ribibdarg 1992,
Chen and Mizoguchi 2004, Costa et al. 1998]. The Figure 4 shilog/structure of the on-
tology based on the three-dimensional view of the domaioraeg to Mathema Model.

Curriculum sedBy_Laterality*isChildOf Curriculum®sParentOf Curriculum® DomainModel

A
isComposedBy_DepthijsComposedBy_Context “ has_Pedagogical Unit* isIntoPartitionD omain isa sa
k4

Depth Context Pedagogical Unit PartitionD omain External View

isComposedBy Problem™

Problem

Figura 4. Three-dimensional view of the Mathema.

Student Model The construction of the model was developed through theuatiah of
[Chen and Mizoguchi 2004, Chepegin ].

The Student Model has the knowledge abshb will be taughtthat is, this model
contains information about the student being taught. Thegyf information necessary
to this model are: iBtatic Information the student information that do not change dur-
ing the student-system interaction (see Figure 5)Dypamic Information the student
information that change during the student-system intemacUsually, this information
is associated with the domain information, like studentrnitbge diagnosis. Figure 6
presents interaction features between the student angstens

LearnerModel

Y

Sa

StaticInformation

isComposedBy AccessControl” isComposedBy Experience|sComposedBy_AbilityAndProficiency* “igComposedBy ContactInformation

¥

Figura 5. Student Static Information.

isComposedBy LeamingStyle*

Pedagogical Model It has knowledge aboutow to teachthat is, how the interaction
will be conducted. Usually, this interaction occurs thrb@g instructional plan that takes
into account cognitive aspects of the students. The pedegjagodel construction was
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Figura 6. Dynamic information regard students.

based on the works [du Boulay and Luckin 2001, Kumar et al4200gjor et al. 1997].
Moreover, the instructional plan (as shown in Figure 7) nsakge of pedagogical strate-
gies and tactics that correspond to the way a student or pgrostudents are taught.

InstrutionalPlan
typeAssessment | String*
typeTutoringStrategy | String*
PedagogicalModel has Aspect | Instance* | Aspect
isComposedBy_Tactic ‘ Instance* ‘ Tactic

AssessmentResource ‘ Instance* ‘ THINGAssessment

strategicTutoring sComposedBy Tactic* wﬂt*

Strategy %ldof_strate gy HisParentOf_Strategy™® Tactic isChildOf_Tactic®isParentOf_Tactic* Aspect

r—

Figura 7. Pedagogical Model.

3.1.3. Inference Ontology

The use of an inference mechanism occurs, first, throughpeeifecation of the infer-
ence ontology. This ontology allows integration of infexermechanisms, dynamically.
In order to assure the integration, four type of informati@ve to be considered in the
specification of the inference algorithm (see Figure 8),chtare: Input/Outpufit repre-
sents the input and output data and their typ@egsoningFeedbackand Statistics(pre-
established data used to evaluate the efficiency of theitigor

3.2. Agents
The agents assure the adaptive way at the learning prockeg.afe composed by Con-

troller Agent, Mediator Agent, Persistence Agent, and armdSociety, as shown in
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Figura 9. Class Diagram and package of the Kernel.

The extensibility of Jade occurs by the Agent Class, wherBIE&Agent extend
it. ForBILE Agent is an abstract class and implements sonfeuttefunctionalities, like
the register of services, sensors and actuators. The sensmponsible for perceiving
the environment and the actuator is responsible for actirilgg environment.

Aiming to discuss functionalities of the agents presentethe framework, the
next subsections specify each agent.

3.2.1. Controller Agent

The Controller Agent (CA) has three fundamental skills, ethare: i) Start Agents: to
build all the agents when the system is started ii) Add, reenand update agents of the
society; iii) Add, remove, and update the pairService, Ability > of the agents: each
agent can change their services and abilities dynamically.



3.2.2. Mediator Agent

The complexity involved in the interaction management &f dgent society motivated
the use of a mediator agent (MA) to coordinate as best aslpesike interaction process.
The usage of each functionality is described below:

1. In order to assure the construction of the Agent Sociegnagement function-
ality was added. This behavior configure dynamically therattion ontology
(< Service, Ability >) for each Autonomous Tutoring Agent (ATA). In other
words, when the CA creates the MA, the MA configures the ogtpland send
the list of ATA (Cognitive Agents) to be created;

2. Some of the recommendation (service) ways are: i) when Adéds to interact
between them; ii) when the student wish interact with othedent; iii) when the
student needs help of an expert in the domain. In order tcagtpthis function-
ality, the developer has to follow two steps: i) implemehtsrecommendnethod
(MediatorAgentlass) and ii) configure the protocol by defining the specdi r
ommendation ability;

3. The complex problem solving process occurs due to thecag all the agents
solve their tasks. It is invoked when an ATA agent requiresperation of oth-
ers ATA agents to solve a problem. The implementation of filmtionality is
provided by the framework.

With the functionalities cited above, it is demonstrategl thusability and exten-
sibility in order to overcame the agent interaction, recandation, and the complex
problem solving.

3.3. Agent Society

The complexity regarding the adaptive teaching processvatetl the use of educational
and intelligent agents. For this, a heterogeneous agemig@sed by autonomous tutoring
agents and support agents) society was built in order to niegk@rocess as effective as
possible, as follows below.

3.3.1. Autonomous Tutoring Agents

The Autonomous Tutoring Agents (ATAs) were modeled basetthenMathema Model
[Costa et al. 1998], through the development of a top onto(dgscribed in Subsection
3.1.2).

The ATAs are responsible for the teaching process. In oodenitd an ATA agent,
two steps are necessary: First, specify the models (studentain, and pedagogical)
configuring an ontology [Bittencourt et al. 2006a). Secodefine which type of ATA
agent is intended to be built. The types of ATA agent are: gnitive: it is always
presented in instructional system and the developer hasgtement functionalities like
assessment and diagnostic. For this, the developer hatetadetheCognitiveAgentlass
and implement the defined abstract methods. ii) others:ethgents depends on the
specific aspects of the application. These agents could bigational, affective, meta-
cognitive, etc. In order to provide other types of agents,dbveloper has to extend the
ATAAgentclass and implements the intended methods. Figure 10 showsample of
this extensibility.

With the functionalities cited above, the complexity in thglementation of tu-
toring agents is reduced through the ATAAgent class exbensi
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Figura 10. Class Diagram of ATAAgent.

3.3.2. Support Agents

Support agents have features used to infer in accordanbeawpitior constructed mecha-
nism. In order to use support agents, the developer has fememt a component (infer-
ence mechanism), extend the SupportAgent class (Figurantilimplements thexecute
method to use the component.

Supportigent
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Figura 11. Class Diagram of the support agents.

These intelligent agents improve the effectiveness of taptive teaching pro-
cess. Furthermore, in the attempt to make easy the devefdpofientelligent tu-
toring systems, two inference mechanisms were implemeatedreleased with the
system, which are Case-Based Reasoning (CBR) and Rule Ieszsbning (RBR)
[Bittencourt et al. 2006b].

3.4. Related Work

Many tools for building instructional systems have beeratzd. A relevant analysis
of the state of the art can be viewed in [Murray 2003]. Howgevecently, some new
environments have been developed. One of them, considdergoposals related to the
presented proposal are described below.

[Aleven et al. 2006] presents CTAT (Cognitive Tutor AuthmgyiTools). It has two
types of tutors (Cognitive Tutors and Example-Tracing Tsitowhere they represent dif-
ferent trade-offs between ease of authoring on the one hahdenerality and flexibility
of the resulting tutors on the other. However, the procesdddding interface agent is
too slow. In addition, authoring facilities are not so initteé because i) to build Cognitive



Tutors the knowledge engineer is required and ii) to buil@rgle-Tracing Tutors, the
author has to know graphs notion.

[de Almeida et al. 2004] presents a Framework for buildimual communities,
providing several interactive tools, such as blog, forurmaal, rss, digital library, and
others. However, this framework does not support intetiigeyents.

4. Case Study

This section presents a case study conducted in order taadgahe proposed frame-
work. Our framework was used in the development of a legal, [d@led Themis
[Bittencourt et al. 2006d]. This ITS provides Law studentshweal cases, rules and
different point of views with a given body of knowledge. Theimidea is to engage
Law students into interactions with the system based onetb@ution of Legal problems
and their consequences on other tutorial activities, aoreg the Penal Law. The inter-
action happens in two ways: i) when the system sends sulpattmat and a problem to
be answered by the student and ii) when the student send®leprto be solved by the
system.

An important aspect of Legal domain is the problem speciioabecause it takes
into account learning resources, like doctrine, Jurispnae or Legislatioh A problem
is defined by a 3-Tupl&P, I, F'), where: i)P: it represents a real penal situation; lii)
it represents an interpretation set of the probRnThe interpretations are based on two
views: Lawyer View and Prosecutor View; ii: P x I it represents a theoretical recital
of the relationP x I, and it can be a doctrine, Jurisprudence or Legislation.

In addition, Case-based and rule-based reasoning are gspblalem solving
mechanisms. These mechanisms are motivated by the “legefigte” which is based on
the legislation and jurisprudence.

The system has five agents, MediatorAgent, CognitiveAgeBRAgent, RBRA-
gent, and PersistenceOWLEMathemaAgent.

The steps to be followed by the developer are: i) Configureotitelogy com-
munication protocol in order to assure the interaction leetwthe agents; ii) Extend the
CognitiveAgent class and implement the ProblemSolvindhaetaccording to the spec-
ification of legal problems;

Moreover, in the problem process it is necessary the inierabetween CBRA-
gent, RBRAgent and CognitiveAgent in order to solve the @b In addition, this
interaction is overcamed by the ontology communicationquol of the mediator agent.
The Figure 12 shows the interaction between the agents.

4.1. Evaluation

The proposed framework was implemented and validated inréabscenarios. The sys-
tem is being used by the Federal University of Alagoas (UFahg Catholic University

of Brasilia (UCB). An application in medicine domain haveehaised at UFAL and UCB,

and another in legal domain have been used at UFAL.

The main improvements identified with the use of the systeme\lee solution
of some problems like high development cost, complexityaweetbp Al algorithms, Al
techniques integration, scalability, difficulty for shamaterials, and others.

However, the main difficulties identified were: i) Ontologgrsion: as the univer-
sities (UFAL and UCB) are at different places, each one tsagvitn ontology. The solu-

2This information were structured in an ontology, howevés itot the focus of the paper.
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Figura 12. Sequence Diagram approaching the solving problem process

tion found was the use of a Protégé plug-in called Promptiflaich was used to compare
the ontologies and fixe then; ii) Slowness: The use of oniekly the agents made the
persistence process really slow. The better solution wasisk of a computer with more
processing power; iii) Ontology exchange through Jade agess a serious problem was
the exchange of ontology objects through Jade messagesProbegeOWL-API have
been used to generate java classes. Although the objectseraatized, they became a
null reference when it arrived to its destination place. &mgion to message exchange
was developed and it is controlled by a semaphore algorithm.

5. Conclusion

This paper described the first steps towards a functionaigaesf an ontology-
based framework aiming to give support to developers tadhpdiuild multiagent ITS
for particular domains. This framework has been succdgsagplied on the con-
structing of ITS in two heterogeneous domains: Legal [Bittaurt et al. 2006d] and
Medicine[Bittencourt et al. 2006c]. It has been used jaadejand Protégé technologies.
The main contribution of the proposed paper is to make thieleasd more efficient the
way to develop intelligent tutoring systems.

At the time of this paper we were working in an improvementre# two men-
tioned applications by including other services and updasome mechanisms, as for
example: machine learning techniques. One of them has bestgreéd to improve the
selection of pedagogical actions by using reinforcemearnieg. The other is concerned
student model by using neural network. Furthermore, we larenng another application
oriented to a formal domain, probably will be mathematics.
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