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Abstract. This paper is pat of a research project caled "A Computationd Mode of Distance
Leaning based on the Socio-Interactionist Approach”. This project is related to sStuated leaning, i .e.,
in the conception of cognition as a socid practice based on the use of language, symbols and signs.
The objective isthe mnstruction of a Distance Learning environment, implemented as a multi-agent
system composed o artificial and human agents, and inspired by Vygotsky's socio-interactionist
theory. This paper aims at the @nception of two o the ayents from such architecture: the Semiotic
and the Collaboration Agents. The Semictic Agent is resporsible for searching adequate instructional
material in the database to be presented to the student. The Collaboration Agent is responsible for
assigting the interaction among students in a @llaborative communication tool and it will consider the
cognitive, social and affective @pabilities of the students, which becomes a more quditative
mechanism for learning.

Keywords: Intelligent Tutoring Systems, Distance Education, Socio-Interactionist Pedagogical
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1 Introduction

The present work aims to present the conception of two agents (the Semiotic and Collaboration ones) that
are modeled as part of the multi-agent architecture of the project "A Computational Model of Distance
L earning Based on the Socio-Interactionist Approach”.

The system propacsed initially [1] [2] was formed by four classes of artificial agents — the ZDP agent,
the Mediating Agent, the Sociad Agent and the Semiotic Agent — and the human agents (leaners and
tutors). The aurrent system performed evolutions so that, now, it is composed by human agents (students
and tutors) and by five dasses of artificial agents: the Diagnostic Agent has the function o describing the
cognitive diagnaosis, modeling the group and suggesting pedagogical tadics, the Mediating Agent is an
animated pedagogical agent resporsible for the interface of the ewvironment with the student and for
applying the suppart tactics suggested by the Diagnagtic Agent. Itsrole is auxiliary in the process of the
student’s internalization due to the ntact with the socid environment of distance learning; the
Collaboration Agent is responsible for mediating/monitoring the interadion among students groups in
synchronous todls of communication among the students (for example, chat); the Social Agent that should
establi sh the integration of the society forming students' groups for study and creating a Collaboration
Agent for each formed group; and the Semiotic Agent responsible for the use of signs, concepts and
language send to the Mediating Agent or Collaboration Agent and, consequently, presented to the student.
Further detail s of the system may be fourd in [1], [2] and [9]. The tutoring system may function as an
individual tutor, where the Mediating Agent presents pedagogica contents to the student in accordance to
his’her profile and cognitive style, or as a facilitating system of collaboration, where the Collaboration
Agent monitor and mediate the interaction among the students with collaborative tools. The architecture
of the system can be viewed inthe Fig. 1.
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Fig. 1. A society of Social Agentsfor a Learning Environment

The social model implemented by the proposed system is strongly inspired by Vygotsky [18] [19]. One
of the important concepts of the socio-interactionist theory of Vygotsky is that the relationship man-
environment is a relationship mediated by symbolic systems, through instruments and signs. According to
Vygotsky [18] [19], the signs are artificial incentives with the purpose of mnemonic ad; they work as
middle ground for adaptation, driven by the individual’s own control. The signis guided internally. The
function of an instrument is to serve as tool between the worker (in the ase of this reseach, the student)
and the object of hiswork, seeking help in some activity; these ae guided externally.

To fulfill this function, the system is composed by an agent (the Semiotic Agent) that has the role to
present the instruments and signs to the student as external stimulations. These sgns and instruments
(such as pictures, sounds, texts and others) compose the instructional material in the database, as we can
seeinthe Fig. 1, represented by www, exercises and examples.

The presentation of this instructiona materia is based on Semiotic Engineering. According to the
Semiotic Engineering [4], [15], [17], for the communication designer-user to ke possble, it is necessary
to consider that software gplications (that comprehend interfaces) are signs, formed by signs, and that
generate and interpret sgns. The Semiotic Agent has the role of interface’s designer. It decides which
signs will be used to present a determined subject to the student. In the Fig. 1, this pedagogca content
will be presented to the student asa HTML page (HyperText Markup Language) that is sent, indirectly, to
the Mediating Agent - a personal and animated tutor resporsible for presenting the instructional material
to the student. The Mediating Agent will also capture the student affective state for react in a appropriated
way to develop a spirit state more positive to learning in the student.

In the Fig. 1, we @n see that all information on wser actions will be gathered by the Mediating Agent
and sent to the Diagnastic Agent. The Diagnastic Agent updates the information in the student model and
verifies, according to received data, if it is necessary to use anew educational tactic. In this case, it sends
thisinformation to the Mediating Agent. If this tactic is, for example, the presentation d an instructional
content, the Mediating Agent makes a regquest to the Semiotic Agent.

The Diagnostic ggent uses the concept of Zone of Proxima Development [19] to parameterise the
cogritive diagnasis of the learner. The Diagnastic agent has the role of modelling thase skill s of the group




that are ather in the “core” (learned) or in the ZPD - Zone of Proximal Development (need of suppat).
The purpose isto suppat decisions on how to adapt the tutoring or chocse the right level of coaching for
the group.

When the Diagnastic Agent finds a deficiency in the student’s learning and considers it would be
interesting to perform an activity in group, it will make arequest to the Social Agent. The Social Agent,
inthe Fig. 1, will create aCollaboration Agent and form a study group of students.

The Collaboration Agent, aswe @an seeinthe Fig. 1, is resporsible for asgsting the interaction among
students in a virtua classwithin a cllaborative communication tool, mativating them, correcting wrong
concepts and providing new knowledge. This guiding agent will consider nat only cognitive caabilities
of students, but dso social and aff ective characteristics, which becomes a more qualitative mechanism for
collaboration among students and learning.

To implement the idea of social modd of distance learning, this work presents a strong approach of
communication among the agents which interact using KQML (Knowledge Query and Manipulation
Language) performatives [5]. The architecture and further detail s about the system can be foundin [2].

In the next section we describe the achitecture and functionalities of the Semiotic Agent. In the
sedion 3, we describe the Collaboration Agent. Findly, in section 4, we present some @nclusions and
some propasals of future work.

2 Semiotic Agent

The Semiotic Agent [11] looks for signs and instruments in the database, when requested by the

Mediating Agent, to aid the student’s cognitive ativity, buil ding dynamically the page to be introduced to

the student and showing more specific contents as the student is going deeper in the detail of the subject.

In this aim, the agent uses several signs, expressed in the most severa ways, for example: the drawing,

the writing (presenting the domain in form of paragraphs, examples, citations, tables keywords,

exercises), systems of numbers, ill ustrations and multimedia resources, propitiating, thus, the presentation
of theinstructional material conforms the teaching tactics gpedfied by the Diagnostic Agent.
The Semictic Agent is an agent that is inserted in a society of agents possessng the following

properties [7] [20]:

— autonomy, because it getsto act in the society for its own means and controlling its own actions;

— social ability interacting with other agents, asthe Mediating Agent and Collaboration Agent;

— reagent, because it reacts to the incentives of solicitation of content of the Mediating Agent and
Collaboration Agent;

— continuity, because it getsto stay continually in the society;

— communicability, because it exchanges messages with aher agents (Mediating Agent and
Collaboration Agent);

— rationality, althouch it is a weda "rationality”, based on rules of decision, because it possesss the
cgpacity to take decisions, in relation to which signs, or sequence of signs, it is better to present to the
student’s cognitive ativity;

- flexibility, because it al ows another agents' intervention (Mediating Agent and Collaboration Agent).
To implement the idea of social modd of distance learning, this work presents a strong approach of

communication among the agents. The communication among the agents became a factor of great

importance for the operation of the system. Detailed examples of messages exchanged among the agents

canbeseeninJdung [11].

2.1 Internal Architecture of Semiotic Agent

It can be observed that the Semiotic Agent, starting from the solicitation of incoming pedagogical content
of the Collaboration Agent or Mediating Agent, verifies which are the tactics, preferences and the
student’s level, seeking in the database which are the ideal sgns to be used for the pedagogical content,
generating dynamically aHTML page (as answer for the Mediating Agent) to be presented to the student.
It can still send a message for the Collaboration Agent, in KQML, saying if the pattern found by the
Collaboration Agent during the changes of messages among the students, it is part of certain content to be
treated in theteaching-learning process[11] .
The Fig. 2 showsthe internal architecture of the Semiotic Agent.
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2.2 Semiotic Agent and Semiotic Engineering

The Semiotic Agent has the role of interface’s designer. Its function is to dedde which signs dould be
send for the Mediating Agent, given a certain situation, it means, depending on the teaching tactics
spedfied by the Diagnostic Agent.

It isimportant to have amode to specify which signswill be used and how to present them to the user.
In this research, we adopted the Message Specification Language of the Designer (MSLD) proposed by
[12] and [13], whose objective isto support the formulation of the messages on the usability moddl.

Below, we show an example, using MSLD, of an instructiona content introduced to the student. We
can see that the rule of behaviour Pedagogical Content (it will be eplicated later at section 23),
represented by action Show_Content, is composed by one junciont’s repetition of information of Chapter,
Section, Paragraphs, Html, Figure, Table, List, Example, Citation, Link, Keywords, Exercise, followed
by information’s repetition of Reference, followed by Previous or Next options. Further details can be
foundin [10] and [11].

Comrand- Message Show Content for Application-Function Pedagogi cal _Content
Join { Sequence { Repeat { Join { View Information-of Chapter
ew | nformation-of Section
ew | nf or mati on-of Paragraphs
ew | nformation-of Hm
ew | nf or mati on-of Figure
ew | nformation-of Table
ew | nformation-of List
ew | nf or mati on-of Exanpl e
ew | nformation-of Ctation
ew | nformation-of Link
ew | nf or mati on-of Keywor ds
Acti vate Show Conmand_Message Exerci se}}
Repeat { View Information-of Reference } }
Sel ect { Activate Previous Application-Function Pedagogi cal _Content
Activate Next Application-Function Pedagogi cal _Content } }

<L LLLLLLL

2.3 Semiotic Agent Implementation

The Semiotic Agent was implemented in Java, more specifically with the tedindogy o serviets. An
environment was built, in Java, that al ows to manage the whale instructional material (signs) stored in a
database, where, later on, a XML file (eXtensible Markup Language) is generated with the content of
each subject (see Fig. 3).

The Semiotic Agent, starting from the XML file, generates the instructional content (§gns), according
to the rules of behavior User _Login, Pedagogical Content and Requisition Pedagogical Content defined
by Jung [10]. Besdes, it applies presentation styles (style sheets), through XSL (eXtensible Style Sheets),
for formating the &it, showing like this, in HTML, the same signs in a different way, depending on the
level and the student’s preference in subject.



E‘%’%Amhiente de Geréncia do Matenal Instrucional

[ Criar Matéria = ] .
E-[ 11 Capitulo 1 - Introdugdo
=2 Abrir Matéria... El | 2 Capitulo 2 - Autores da Literatura =
-1 48egdo 2.1 - Castro Alves

~[F 5 Segdo 2.2 - Cecilia Meireles

-[31 6 Secdo 2.3 - Machado de Assis hd

25 Excluir Nodo

& Capituln Informagdes da Matéria:

4= Bibliografia

Titulo: & |Literatura
versdo & [1
Data: & |10 02001
Autor: @ Hodo Luiz Jung
Resumo: & [Ensino-Aprendizagem sobre Literatura
FPalavras-chave: {} Literatura, autores

& Grawar matéria '@ Lirmpar Matéria

Sobre |
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All the actions of the Semiotic Agent are exeauted as a result of incentives generated through messages
comings of the Mediating or Collaboration Agents. The rules of behaviour determine the course of the
adion that an agent should take in the whole point of the beginning to the end d the agent’ s execution.
The rules of behaviour used in the implementation of the Semiotic Agent work in the following way
[11:
— User_Login: this rule happens when the Mediating Agent sends a message to the Semiotic Agent,

informing that a student was connected to the system.

If user is registered Then

it shows |ast pedagogical content accessed for the user
it triggers the rul e Pedagogi cal _Content
El se

it registers the student
it shows the first pedagogi cal content

it triggers the rul e Pedagogi cal _Content
End |f

— Pedagogical_Content: the Semiotic Agent sends a message for the Mediating Agent as answer to the
rule Requisition_Pedagogical _Content or User_Login.

If (operation = next) Or (operation = previous) Then
It seeks in the database |ast content accessed for the user
it accesses XM. file

it seeks ideal sign according to specified pedagogical tactics and user

| evel
I f found ideal sign Then
Show Content exenplified in the section 2.2
it applies XSL formatting exit according to | evel and user preference
I it sends nessage KQW for Mediating Agent with content in HTM
El se

it sends nmessage KQW for Mediating Agent with enpty content
End |f

Else If (operation = end) Then

it keeps in the database the |ast action done by the student
End | f

— Requisition_Pedagogical_Content: this rule is triggered by the Mediating Agent for the Semictic
Agent or of the Collaboration Agent to the Semiotic Agent. In the firgt case, according to the tactics



defined by the Diagnostic Agent and the student’s preference, the Mediating Agent will send a

message to the Semiotic Agent requesting that the same generates a pedagogical content to be

introduced to the student (it rules Pedagogical_Content). In the second case, the Collaboration Agent

will request to the Semioctic Agent to verify certain pattern, found duing interaction in the tool of

collaboration, is part of the pedagogical content that is discussed in the moment.

The illustration to proceed, presents the KQML performative sent by the Semiotic Agent for the
Mediating Agent. For a complete explanation of the Distance Education Environment, with simulations of
some messages KQML exchanged amongthe agentsin the system, see[11].

TABLE 1. KQML Message User Login

Parameter Value
:performative Tell
:sender Mediating Agent
:receiver Semiotic Agent
:ontology user login
:in-reply-to Mediating Agent
:reply-with pedagogca content
:content user

passvord

subject

The standardization of the signs (for example: chapter, section, paragraph, example, citation, lists)
generates a @gnitive pattern with the objective of facilitating the usabil ity of the system and asgstant the
mnemonic processof the student’ s learning.

3 Collaboration Agent

3.1 Definition of Collaboration Agent

Talk and discourse have long been seen as critical componentsin the leaning process[14]. According to
Vygoatsky [19], the learning is frequently achieved through interactions supported by talk and that talk and
language ae frequently associated with the development of higher order leaning.

Our system privileges the social interaction encouraging the students to interact in collaborative tools.
In this way, the system has two agents with the ability to encourage the interadion among students:
Socid and Coallaboration Agents. The Social Agent searches for peas that are apable of asdsting a
student in his’her learning processand creates a Coll aboration Agent for mediating the interaction among
the students. The Collaboration Agent will monitor and mediate the interaction between students in
collaborative communication tools (for example, chat, discusson list and bulletin boards). It attends the
students during the interactions, stimulating them when they ook urmotivated, presenting new ideas and
correcting wrong ones. In the Fig. 4, we show the internal architecture of the Collaboration Agent.

We @n see in the Fig. 4, that during the interaction with the students in the collaborative tool, the
Collaboration Agent interacts with the Diagnastic Agent to obtain new tacticsto be used. In such away, it
must send the actions of the user, in this case, sent messages, 0 that the Diagnastic Agent deddes which
tactics must be crried out.

The Callaboration Agent interacts with the Semiotic Agent to get the pedagogical content (Fig. 4). For
example, the Collaboration Agent can check, in accordance with statistical analyses of the students
message, which students presented incorrect ideas. As the interactions progress the Diagnastic Agent can
decide if amore difficult subject can be presented. In that case, the Collaboration Agent requedts that the
Semiotic Agent sends certain contents at a more difficult level.

The Collaboration Agent updates the affective modd of the student (Fig. 4). It is resporsible for
ohtaining the df ective state of the student and updating the student modd, in order to reply to the student
with an appropriate enotional behaviour.

In collaborative learning, the group is an active antity; therefore, the system must contain information
that refersto it as awhaole. Thisinformation generates a group mode, which is congtructed and stored by
the Collaboration Agent, as $iowed in the Fig. 4.
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3.2 Collaboration Agent |mplementation

Dueto its social function —to communicate with students, to promote and monitor the interaction among
students — it would be interesting for the Collaboration Agent to have an interface that would allow it to
exploit students socid nature. In fact, one of our main concernsis to better exploit the social potential of
the students to improve their learning, since sudies demonstrate that people interacting with animated
characters lean to interact with ather humans [8]. Therefore, we dhaose to represent it as an animated
character who has a persondlity and which interacts with the student through messages in retura
language.

Thus, as in human socia interactions, the Collaboration Agent must be able to show and perceive
emotional resporses. Learning is a comprehensive process which does not simply consists in the
transmisgon and assmilation of contents. A tutor (in this case, the Collaboration Agent) must promote
the student’s emotional and affective development, enhancing his/her self-confidence and a positive
mood, ideal to learning. The way in which emotional disturbances aff ect mental life has been discussed in
the literature [6]. He recall s the well-known idea that depressed, bad-humoured and anxious students find
greater difficulty in leaning.

In order to interact with the student in an adequate way, the ayent has to correctly interpret higher
emations. In thisway, we ae studying with the ad o psychadogists which affective sates of the students
the agent would consder and capture. Therefore, it is necessary for Coll aboration Agent to have not only
a student cognitive model, but also an &ff ective one. We are going to use the student model proposed by
[3], which considersthe dfedive states sich as eff ort, self-confidence and independence.

Still, it is necessary to have in mind the resporsibility about the use of affective agent architecture for
interaction with the user, especially in the educdion. Often we observe that agents have dtitudes that are
naot suitable to students mood (e.g., if an agent gets sad when the student could not carry out an exercise).
This kind of attitude may generate adisturbed reaction in the student, making him/her more anxious and
less glf-confident. It is necessary to identify which behaviours are gopropriate to promote amoodin the
student that provides better learning conditions.

The Collaboration Agent will carry out the analysis of the student’s dialogue based on statistical
methods, such as pattern matching, message ategorisation and information retrieval [16]. The messages
will be generated in retural language, using dialogue models and frames.




4  Conclusions and Future Works

The use of agentsin Intelligent Tutoring Systems (ITS) allows a better representation d the domain, with
alarger posshility of application of pedagogical tacticsthat can aid in the learning process

In this research, it tried to use the Semiotic Engineaing through the formalism of MSLD for
generation of signs, icons and symbals, representing the instructional material to be introduced to the
student. The function d generation of the appropriate signs is resporsibility of the Semiotic Agent,
respecting li ke this, the important paper that it represents the mnemonic processof the student’s leaning
through the signs, inspired by Vygotsky.

Besides, we tried to start the construction of a socia model of distance leaning, in that one of the
involved agents has the role of designer and the role of meta-communicate the system’s usability and
functionality, generating the necessary signs for the teaching-learning process. The Semiotic Agent was
implemented as part of the conception of collaborative learning in multi-agent system [9] obeying the
negatiation, communication and learning properties.

When the systems function as a facilitating system of collaboration, the Collaboration Agent takes
adion. It monitors and mediates the interaction among the students in a llaborative diadogue tod, like a
chat. Inthiscase, it will collect and analyse the anctional datafor react in an emotional way to promote a
paositive mood in the student, more ideal to leaning. It must also present new ideas and correct wrong
ones. In this aim, it will do a pre-analysis of the students sentences and request to Semiotic Agent to
verify if the sentences sent by the student are part of the discussed subject in the virtua collaborative
class. It is possble due the model adopted to save the information in the database and by the form that
they are manipulated by the Semiotic Agent.

The society of agents provides an environment that facilitates, through the social-interaction of the
artificial and human agents (tutors and students) by talk and language, a process of teaching-learning
inspired in the ideas defended by Vygotsky.

With the progressof implementation of the other agents, we @an verify and to anayse the usability of
the system, as well asto evaluate the results obtained with the use of the system.
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