An Agent-based Intelligent Tutoring System: A Case Study in Legal Domain
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Abstract: Computer based learning gets more and more insimilarity with old cases to justify new problems and RBS for
portant in higher education. Particularly, in Legal domain, stuevaluating the rules of Normative Knowledge. In addition, to
dents have little chance to deal with realistic situations. Orienprove the pedagogical interaction each agent adopts the Re-
way to alleviate this problem is to provide Law students witlinforcement Learning Algorithm aiming at identifying the best
real cases, rules, and viewpoints of which a given body gfedagogical strategy by considering the student profile.
knowledge is often recognized as important to their successful The use of a hybrid solution to the problem solving has been
learning. In this paper is proposed a novel approach to Intelinotivated due the structure of the juridical systeniegisla-

gent Tutoring System (ITS) applied to Legal domain to addred®n is the main Legal research, where magistrates making their
each of the above concerns. Then, it was defined an agedecision based on the code and laws, originating case solutions.
based architecture to support multiple views of domain knowBne of the best ways to solve Legal problems based on legis-
edge, improving the quality of student-ITS interactions anthtion is using rules, due this, rules are approached in the ITS.
the learning success of the students. Each tutoring agent frétar this reason, Case Based Reasoning and Rule Based System
the system contains a knowledge-based system that combimegke necessary to the ITS.

Case-Based Reasoning (CBR) and Rule-Based System (RBS)In the approach here presented, the idea is to engage Law
In addition, each agent adopts the Reinforcement Learning Adtudents into interactions with ITS based on the resolution of
gorithm aiming at identifying the best pedagogical strategy blyegal problems and their consequences on other tutorial ac-
considering the student profile. This paper focuses on both divities, concerning the Civil Law. The starting point of these
chitecture and the mentioned Atrtificial Intelligence techniqueimteractions occurs when ITS submits a penal situation to Law
into a Legal System. students. Then, they will learn two fundamental but different
Keywords artificial intelligence and law, intelligent tutoring skills of Legal problems. First, know how to identify relevant
systems, case-based reasoning, rule-based systems, reinfotases and Legal concepts (Normative Knowledge, for instance)
ment learning. of the cases. Second, know how to use them effectively as ex-
amples justifying position in a Legal argument. When using
an automated information retrieval system, one needs to use a
guery or a set of queries that captures the issues and the in-

Providing Law students with real cases, rules, and differeffgnded use of the cases in an argument [2]. Therefore, Case-
viewpoints of a given body of knowledge is often recognize@sed Reasoning has been used to know what kind of cases
as important to their successful learning. In fact, these requiré@n result better solutions and Rule-Based System to find better
ments are hot topics and seem to be more realistic to be é@ncepts, and consequently giving support for better explana-
plored in the context of Legal Intelligent Tutoring System retions of the problem. _ _
search. However, little research has been done on these aspectdNis paper is organized as follows. In Section 2. are dis-
In this paper is proposed a novel approach to ITS applied g!ssed related works. A brief discussion of used Al techniques
Legal domain in order to address each of the mentioned cofs- Presented in Section 3.. System Architecture and Imple-
cerns. Then, it was defined an agent-based architecture to s{gntation are described in Section 4., including system details.
port multiple views of domain knowledge, aiming to improveSection 5. discusses the dynamic of the architecture with an il-
the quality of student-ITS interactions and the learning sycustrative s_cenari(_). Finally, conclusions and future works are
cess of the students. Here, learning is considered as problgiiesented in Section 6..
solving, where students solve problems and are individually
assisted and guided by the system during the solution process.
The system may also solve problems by using CBR or RBS 1¢jil Law, also known as Continental Law or Roman Law has been used
or combination of them. CBR has been used for checking thethe system.

1. Introduction




2. Related Work 3.1 Rule-Based Reasoning

Some related works were developed taking into consideratidie Rule-Based Reasoning remains a knowledge base made
legal tutoring or hybrid reasoning involving CBR and RBS. by an expert. This knowledge base is composed by rules. The
In [1], Aleven proposes an intelligent learning environmengystem needs a consistent base of rules stored and facts given
designed to help beginning law students learn basic skills ¥ the user to get a conclusion of a problem. According to [6],
making arguments with cases. a rule is a logical statement that relates two or more objects
An ITS for Legal domain, using Rule-Based System and and includes two parts, the premise and the conclusion. Each
proaching problem-based learning as pedagogical strategyofsthese parts consists of a logical expression with one or more
presented in [20]. The proposal refers to a novel ITS approa@Riect-value statements connected by the logical operaiats
applied to Legal domain, using hybrid reasoning (CBR anfl’» Or not
RBS). Besides, it describes the modeling of multiple views of A Simple example of a rule is:

domain knowledge, providing two-way interaction in the pro- IF sun=yes THEN itis day. . _
blem solving. The premise of the rule is the logical expression between

[19] describe an expert system that deals with (US) incond@e words IF and THEN, and it can contain one or more object-

tax law relating to the deduction for expenses relating to a honY@!ue connected by the logical operatarsd or, ornot The
office. conclusion is the logical expression after the keyword THEN.

[5] combines both the blackboard architecture and dis- |€re are many types of inference and control strategies to
tributed Al methods for creating hybrid systems. This mean@Ptain simple or mixed conclusions. To obtain as many con-
that both RBS and CBR are attempted at the same time. B&Wsmns as possible, several inference strategies are frequently
inference mechanism run concurrently (the distributed Al a&iSed in an inference engine of a single system. As shown
pect of the system) - with the ultimate report being the best &P0V€, Rule-Based Reasoning is a crucial component to the
the two reports produced (on by RBS and one by CBR) system; since it has different, efficient, and simple strategies

[17] describes a Dutch expert legal system, focused on i@ solve problems imposed by the user.
domal.n of.Iandlord—tenan't law, it combines knowledge groups 5 case-Based Reasoning
as legislation, legal doctrine, expert knowledge, and case law.

In [25], the prOjeCt uses a distributed artificial inte”igenCQBR is a prob|em So]ving approaching by ana]ogy_ Then,
approach, operating in the area of credit law, that combingg order to solve a new problem, a similar situation already
CBR and RBS independently. First, the system will make agplved and kept in a memory base is aimed. After that, attempt
inference in the RBS, after that, if not SUCCEEded, use CBR. to adapt the retrieved solution in a way to solve a new pro-

The proposal refers a novel ITS approach applied to Léslem. Moreover, the review capacity is inherent to validate the
gal domain, using hybrid reasoning (CBR and RBS), besidegiapted solution.
the modeling of multiple views of domain knowledge, provid- The structure of a case is composed by [13]:
ing two-way interaction in the problem solving. The related (i) problem: a set of attributes is described to define a pro-
works [1] and [20] approach an educational system. Differemflem.
from these proposals, the approach of an intelligent pedagogi- i) solution: a set of attributes is described to define a so-
cal mechanism (Reinforcement Learning) had not been find jation. Moreover, according to the domain, some steps can be

such proposals. defined to the problem solving.
As shown in Fig. 1, there are four phases in the inference
3. Used Al Techniques process in CBR, called 4R cycle, which are:

Solution
(New Case)
h

The approach of Case-Based Reasoning can be confraste
with (an option of different reasoning) Rule-Based Reasoning,
which is largely used in knowledge-based systems. In Rule-

New Problem

Based Systems, there is a base of rules that is composed by . Refrieve
set of production rules as follows: IF A, THEN B, where A is ]
the condition and B is the action [18]. While in Case-Based [ Reuse Adapted Review Confirmed
Reasoning, the problem solving approach is through the learn-  Cases Solution Solution
ing with past experience [26].

A hybrid system combines more than one method of rea- Fig. 1. Case-based reasoning cycle.

soning, that contributes to solve a specific problem. Typically,
hybrid systems combine the two more known reasoning ways:
CBR and RBR [16]. 1R - Retrieve: its purpose is to find a case or a set of simi-
A good example of the combination of Al techniques, a$ar cases, providing an element to the current problem. Some
Case-Based and Rule-Based Reasoning is the forensic sysiays to retrieve cases can be sequential, in two levels, beyond
GREBE, according to [5], which combines architecture an@thers. Another important aspect in this phase is the similarity,
distributed Al components with hybrid reasoning methods. in which exist two types. The first type is the local similarity
In subsections below, there is a detailed approach aboipich find similar attributes; the second one, global similarity,

these two forms of reasoning. to cases similarities. '
2R - Reuse:its objective is to provide the reuse of the case

2Sometimes CBR and RBR complete themselves. to be used to a problem solution. In this phase, the case adapta-




tion occurs when it is necessary. Some ways of adaptation adel Interface Agent

compositional, hierarchic, structural, among others. This is a

very complicated phase to foresee and generalize, because ithe Interface agent is responsible for showing information

very specific of each domain. about the system. Moreover, Interface Agent works in an as-
3R - Revision: its purpose is to confirm a reused solutionSistant way, in other words, it is done a step-by-step for the

The revision process can be done in an automatic or manit3€er describes the problem. For example, consider the screens

way. Itis a very complicated phase and in some cases can h&/gsents at the description/specification of a legal problem:

another inference form into this phase just for validation. ~ ® Problem specification: the steps for the problem specifica-
4R - Retain: in this phase occurs the Case-Based Reasonifig" are: o o

learning, because after 3R’s the new case is stored in the case 1+ Personages specification (name, age, deficiencies, ...).

base and after that is returned the solution to the user. 2. relation among the personages (father, mother, son,
brother, brother in law, friend, ...).

3. fact specification:
(i) Did the murder happen ?

) o ) ) (i) What are the personages positions (victim, killer,
The Reinforcement Learning is used in a domain to learn aboéﬂécomplice witness, ...)?

the pair state-action. Then, its objective is to assimilate the (iii) Which was the gun (slashing/piercing object, poi-
best action applied to an initial state that maximizes the eXPegan, revolver, ...) used ?

tations in order to achieve final/objective state. This approach (iv) What was the crime reason (revenge, ordered)?

is adopted when does not exist a definition or compacted study (v) What are the personages conditions (drunken,
about the actions. In addition it takes into consideration ea@?rong emotion, sleeping, ...)?

state of the environment. The learning process consists in the
reinforcement continuous adjust, through rewards or punish-
ment. The Reinforcement Learning is able to process accorgl- Expert Module
ing to the Markov [11, 4, 22].

3.3 Reinforcement Learning

e problem solution.

The Expert Module was modeled as shown in Fig. 2. In this
3.3.1 Markov Decision Process subsection, details of the Domain Architecture are presented.

DOMAIN MODULE

According to [14], “an environment satisfies the Markov's —
property if its state summarizes compact form state and it ca »| Retainer Agant
say what next expected state and reward, being the actual ste

and actlon"’. The Remforcement Learning _techmque satisfie: 1 & [y i ] dATD O O]
the Markov’s property is namedarkov Decision Processnd @ 4] wimemince e
itis defined as a séS, A, P, R), where: f E X N I I
¢ S: afinite set of states of the system. e ? ¢ ) :
o A: finite set of actions. ol Il o “"’""’“":‘"“"‘-""‘ |
e P : S x A: state transition function that maps the pairs
state-action in a probability distribution about the set of states.

e R: S x A: autility value, mapped as a reward function.
In other words, actual pair x a tries to choose the best ac-
tion to the next state’ according to the probabilit(s'|s, a)

and the associated rewards,a). In addition, a process is The ontology defined to the ITS was developed by using

Markovian if the states tr.ansition depends only the current stafgop e [21] tool, that provides flexibility and a lot of plug-ins.
of the system and it is independent of all the previous states |, Fig. 3 is shown a relevant part of the legal ontology. In

Fig. 2. Expert module architecture.

[15]. this figure, it is possible to see some concepts and their relation-
ships. Ontology has been developed taking into consideration

4. System Architecture and Implementation MATHEMA Model [7].
Basic components in the architecture represent the classical
ITS approach, however, details about specific agents in these , a4 isa DomainPartiion
components are explained in the next subsections. | External View AssistenceKnowledge

The Interface Agent is responsible for communicating the s context_ExternalView* p;::g”umt
student, providing access to Legal information such as jurispru£mVe —Curriculum*

dence and Normative Knowledge. The kinds of screens dlj— oo ple_PedagogicalUnit' s N7 Problem PedagogicalUnit
pth Ci

hvA
played are about student credentials, student information, pr e
blem, solution, solution evaluation, and argumentation. In ad- explanation_Example
dition, aBroker Agent was inserted for mapping the informa-
tion between the agents.

It was adopted an ontology that represents the base of the Fig. 3. Ontology description.
Legal knowledge to be used within Intelligent Tutoring System.

explanation_Problem

Explanation



Based on the Legal ontology developed to the ITS, a problem (vii) Result: if the result was favorable to the lawyer or to

is defined as a 3-Tuplg?, I, F'), where: the promoter.
o P: represents the real penal situation. The steps for the use of the CBR component are:
e |: represents a set of interpretations (solutions) to the pro- Step 1, the user will choose the case base and then will de-
blem P. The related interpretations are based on: fine which attributes will be used.
(i) Prosecutor view. Step 2, now the user defines the weight of each attribute.
(i) Lawyer view. The weight default values is one, because the user can not want

o F: P x I: represents the theoretical foundation in the relae distinguish the attributes.
tion P x |, that can be a Doctrine, Jurisprudence, or web site.  Step 3, it is defined the local similarity functions, in other
words, the similarity calculus among the attributes. Moreover,
it is defined in this phase the global similarity function, in other

. . i . words, the similarity calculus among the cases.
e SATA: it is a Society of Artificial Tutoring Agents that re- Step 4, it defines the way to retrieve cases, that can be se-

presents an agent-based ITS acting in a specific domain. Each_ ..
. . uential, two levels, and others.
agent in SATA plays pedagogical roles. These agents are re- : ) o
. X T . Step 5, there is a screen to define the jar file to the phase of
sponsible for problem solving and providing information of the . . : )
. ; : feuse of the case. This phase is not deployed in the environment
student profile and pedagogical strategies. In the problem res- . . .
. o ue to big detail of this phase.
olution, cooperation is one of the features of the SATA. Coop- o . N -
. o - ' . Step 6, it is a screen to define a jar file for the revision phase.
eration is approached by considering a multidimensional vie !
Y . It occurs in same way and reason of the step 5.
where the expert knowledge is distributed in each agent from Step 7. it defines the retention threshold of the case
SATA. The idea is the division of the domain knowledge into | bp th’ th trieval divided int t |
many sub domains, represented by agents. This division tries tP nF' Ot _tc_ases, q tﬁ ca_se_lre_tne;/a vt\_/asf vice Im Ottv'\[/)o tev
guide a search in the expert knowledge distributed. In additioff,> """>b ! '3 gsel N fS'm_' art'l y tunc 'Odn or simp e? ”t _udes
each agent has a curriculum manager that chooses problems( jmeric and boolean, for ins ance) an more important index.
o : econd, it is compared the complex attributes such as strings.
the student, but it is optional. A . ;
This division turns the case retrieval faster than the sequential

. , . . retrieval method. Adaptation and retention are not necessary
SATA Reasoning: This subsection approaches the reasoningac4se the jurisprudence can not be changed.

presents in SATA structure. Rule-Based System and Case-ppg (Rule-Based System) Reasoning

Based Reasoning are two known approaches adopted in theRBS (Rule-Based System) Reasoning is responsible for the

Expert Module Agents in the _Intell_igent Tutoring SyStemﬁ’ules evaluation in the Legal ontology. The rules were modeled
(ITS). They are natural alternatives in knowledge representgi-;

4.2.1 Agents

, considering the Normative Knowledge, which enables the
tion. Rules usually represent general knowledg(.e,. Whefe&?SF le validation of a penal situation. When the Law Student
e_ncor.npassénor\gv ledge acrc]uhmulatded from speugc d(spzmahz scribes a problem, the system tries to infer about the features
S|tuat|ons.. -ach approach has a vantages and disa Vantagﬁa'map them in doctrine concepts defined in the ontology. In
Due to their interchangeable nature, rules and cases can be Baiition. were modeledd rules to infer of the domain. Eollow

tegrated and thus produce effective ITS. Below characteristi% example of rule developed in the Jess [8] environment and
of CBR and RBS reasoning are described. integrated within pretgg [21]:

CBR (Case-Based Reasoning) Reasoning
The CBR Reasoning is responsible for evaluating the simjhind ?article new Article) (defrule concept
larity between the jurisprudence (inserted in the case base) and (“corporalLesion”)
the penal situation sent by Law student. _ ?article getinstance() )
The knowledge representation was done as a relational rep-
resentation, with attributesA = {a1, as, ..., a,, } where each The interactions between the Law students and the ITS in
attribute has a weightV’ = {w;,w,, ..., w,}, for details of the problem solving can happen in two ways:
the knowledge representation and similarity functions, see [10]. (j) when the student submits a penal situation to tutoring

The similarity function between two cases is defined as shovysn
in Equation 1: ysjt_em. . . o
(ii) when the tutoring system submits a penal situation to the
- . student.
SIM(Cq1,C3) = w; * stm(a;,. ,a; (1) . . .
(€1, C2) ;( (tic, 02)) In both cases, can use a hybrid mechanism of reasoning,

The retrieval process was done in a sequential way. THeBR (Case-Based Reasoning) and RBS (Rule-Based System)
reuse and revision phases were regardless, due to the impowsitking together with the legal ontology to solve problems

bility for law to alter a jurisprudence. submitted by the student or by the tutoring system.
The evaluated and considered attributes in the environment The steps for using RBR component are:
are: Step 1, the user will register the variables and their respec-

(i) Co-authorship: participation of other person at the crimgive values.
(i) Crime Qualification: it defines the kind of qualification ~ Step 2, now the user already can create the specifics rules of

(if was ambuscade, nasty, or futile reason). his/her domain.
(iii) Kind of action. Step 3, in this step, the user can choose the inference
(iv) Crime modality. method, that are: forward chaining or backward chaining.
(v) Attempt: if have or not the attempt. Step 4, the explanation module helps the non-programmer

(vi) Crime Qualification: defines if the crime is qualified orknowledge in the subject, because the explanation used by lit-
not. erature is impossible for general use.



The interactions between the techniques can be structured agiii) choose which SATA Agent(s) will solve a problem sent
follows: by the student.

(i) CBR reasoning and RBS reasoning return the solution, e Broker Domain Agent: responsible for delegating actions
exploiting the jurisprudence and Normative Knowledge reto the Recommender Agent, Explainer Agent, and SATA, be-
searches. sides send information to the Broker agent.

(ii) CBR reasoning returns the solution. This situation hap- e Recommender Agent responsible for providing supports
pens when the RBS reasoning is unable to infer from the givea the Law student, providing additional researches aiming the
problem. improvement of learning process. The following are the kind

(iii) RBS reasoning returns the solution. This situation hapef supports provided for the Recommender Agent:
pens when the CBR reasoning is unable to infer from the given (i) HES (Human Expert Society) can be recommended to
problem. give support to the Law student.

(iv) none of them. If this situation occurs, the system will (ii) information in a Digital Library can be sent to support
send a message to the student, requesting better descriptioalearning process.
from the given problem. (iii) an agent in SATA to supervise the student is recom-

When thestudent submits the tutoring system to a penal sithended to provide better resolution about the problems and to
uation, ITS tries to solve the penal situation integrating CBRhelp him/her with doubts concerning the domain knowledge.
and RBR. This interaction algorithm was implemented as fol- e Retainer Agent one of the biggest problems found in

lows: Case-Based Reasoning systems for the Legal domain refers to
the jurisprudence that updates everyday. For solving this pro-
Initialize Evaluate(studentProblem); blem, it was added a Retainer Agent at the intelligent tutoring

Initialize RBSInfer(); system for evaluating new jurisprudence. This agent retrieves

rbsSolution « try infer from NormativeKnowledge;
Initialize CBRC'ycle();

casesBase « selectjurisprudence from Ontology;
Execute Retrieve from CBRCycle;

Select similarCase;

Select similarityvValue; Some researches have been doing into Intelligent Tutoring Sys-
MountSolution(rbsSolution, similarCase); tem, exploring Reinforcement Learning in pedagogical activ-
ities [3, 23, 12]. The Pedagogical Module was modeled as

Algorithm 1: The evaluation student problem algorithm. shown in Fig. 4.

information through virtual libraries.

4.3 Pedagogical Module

Modula

Second, when thiutoring system submits a penal situation ' -

to the studenthe student describes the solution as far as her/his| yeant ¢ Pedagogical [a-»| T eATNG @
concerning. After that, ITS evaluates the student solution ac- Agen s
cording to the algorithm below.

Fig. 4. Pedagogical module architecture.
Initialize Evaluate(studentSolution);
Initialize C BRCycle();

casesBase « select casesSolution from Ontology; In order to improve the quality of the solutions and student
Execute Retrieve from CBRCycle; . - . .

Select similarCase: Iearmng, a Remfor_cement Learning Algorithm was used con-
Select similarityValue; cerning the strategies below:

e increase the problem difficulty degree.
e decrease the problem difficulty degree.
e same difficulty degree.

e change the level.

e change the issue.

Algorithm 2: The student solution evaluation algorithm.

e HES (Human Expert Society)} represents an external
knowledge source integrated in SATA, which provides necessa- . .
. : i . . -~ e change the problem issue to past issue.
ries maintenance in the SATA, such as inclusion and exclusion ; : . _
: . Q-Learning algorithm is used after the definition of the stu-
of agents, besides give support to Law students. The supportato

; ; ent profile (features of the student profile were not focused),
the Law student is possible through the recommender agent. L . . )
. . due this, in student-ITS interaction, the algorithm, through re-
e Interface Maintenance Agent represents the communi-

cation between HES and SATA. vyard;, defines and se_lects the best strategy to use in a spgmﬂc
. : . situation. The selection of strategy takes into consideration
e Manager Agent responsible for all the flow interaction

ITS-student. The tutoring process can happen as: (i) guideq{,OUps of profiles as shown in Fig. 5.

where the ITS gives assistance to the student about the cur3.1  Q-Learning Structure

riculum or (ii) free, where the student chooses the curriculum

he/she intends to study or search about Legal Concepts asTinre goal of the agent in a Reinforcement Learning Problem
risprudence, Doctrine, and Legislation. The characteristics &f to learn an action policy that maximizes the expected long

this agent are: term sum of values of the reinforcement signal, from any start-
(i) choose which SATA Agent will tutoring the student oring state [4]. In the present work, the problem is defined as a
given assistance. Markov Decision Process (MDP) solution.

(i) manage kinds of pedagogical strategy are given to the The chosen of better strategies has been modeled as a 4-tuple
student, like hints, warnings and others. (S, A, T, R), where:



Imagine that the student works the first time in the ITS. The

P student answers a set of question about Legal issue and then,

the level knowledge of the student is defined. Below, it is ex-
ploited an example where the student submits a problem to the
system.

Str. 1 5.1 Case
[str.4] str. 4]

Problem: John arrives in his home and see Maria and
Joseph (John’s brother), sleeping in the bed, naked. Then John
Fig. 5. Q-learning strategy. overdrew his gun and shot against Maria, which died.

When the user specifies a problem, the system concerns to
the rules and cases, evaluating the attribdites

e Personages = John, Maria, and Joseph.

e relation among the personages = Brother(John, Joseph),
Married(John, Maria).
e What are the personages positions: Victim(Maria), Ac-
sed(John), and Witness(Joseph).
e Personage’s deficiency: it specifies if the patient has some

s'n:'ll:r':tso? ﬁ};'gtstqufstzrs'brefaas : duggtg\rlglu:r’ ddff:]ncet% Ilor thephysical deficiency that can be considered, for example, in
Imilarity Ibutes, mapp W unction. cases the victim can not protect itself = Maria sleeping in the

It was used in the e-learning environment a proposal ap-
proached in [4], that implements an algorithm which is use%
in the action choice rule, which defines which action must bgo
performed when the agent is in state The heuristic function
(Equation 2) included was:

¢ S: set of pair of strategy and MATHEMA Context.

o A: finite set of strategies.

o T :S x A — II(s): state transition function represented
for the probability value, signalizing the betters strategy to bgu
chosen.

e Fact (attempt well successful or not): if the crime was

ncretized = yes.

e Gun used: the gun is very important, because it can char-
acterize the gravity of the crime = gun.

e Reason of the crime: it specifies if the crime was perpe-

m(se) =4 rgmazar Qst,ar) + EH (st at)] ifa<p, trated for revenge, ordered, among others = adultery.
Grandom otherwise.
@ . o . .
e H:S x A— Risthe heuristic function. Solution: The solution is divided into two views: The Pros-
e e itis a real variable used to weight the influence of th&CUtor view, where tries to increase the punishment and the
heuristic function. Lawyer view that tries to decrease the punishment.

e q: it is a random uniform probability density mapped in Prosecutor View: . o
[0, 1] andp(0 < p < 1) is the parameter which defines the _® Normative Knowledge - Qualified Homicide: Art. 121,

exploration divided for exploitation balance. §2°, I\_/; " -
® Gyandom IS @ random action selected among the possibf@octrine - Qualified Homicide can be used when happens a
actions in state;. crime through research that makes difficult or impossible the
Then, the heuristic valu#, (s;, a;) can be defined as shown defense or the offended person, by the fact of the victim been
below: sleeping.
Horsan) - { maze  O(si,a) — Ose,an) 41 ifar = 78 (s0), ¢ Jurisprudence - Summary: JURI. Qualified Homicide. Re-
e 0 otherwise. search that turn defense of the offended person impossible.

@ Victim Sleeping. [...]

o Below follows the rule used to prosecutor view solution.
Initialize Q(s, a)
Repeat: 1. Rule

Visit the s state If victim = ‘impossible defense’ or Fact = ‘concretized’,

Select a strategy using the choice rule . _ _ . _
Receive the reinforcements, a) and observe next state. then Article = 121 and Paragraph = 4 and item = IV

Update the values dff¢ (s, a). When the user describes a rule, the system attempts to infer
Ul{date the v?lues @ (s, a) aCCOfdi”gl tcfi L about the characteristics and mapping them in the doctrinaire
Q(s,a) = Q(s,a) + « [T + ymazQ(s ,a ) — Q(s,a)] concepts.
Update thes — s./ state Lawyer View 1:
\L,JVEZLZ;’";;O:,’ C:”t:t”a 'Sariazhjs; . e Normative Knowledge - Self-Defense: Art. 23.
’ i ¢ ik Doctrine - Self-Defense can be used when the author has his
honor stained for the victim.
Algorithm 3: The Heuristics Algorithm. e Jurisprudence - Summary: Homicide - Self-Defense of the
honor - Accused that, [...].
e Site: http://jus2.uol.com.br/doutrina/texto.asp?
5. An lllustrative Example id=980 ;

Rule

1
Toill he functionality of th is sh I
o illustrate the functionality of the system is shown a learner If AccusedCondition = ‘self-defense’, then Article = 23

working with problem-solving of a penal situation approaching
multiple views of the knowledge. 3The context of the attributes is considered relevants in Brazilian Code




Lawyer View 2:

e Normative Knowledge - Privileged Homicide: Art. 121,

§1°;

Doctrine - Privileged Homicide can be used when the author

acts through strong emotion.

e Jurisprudence - Summary: JURI. Qualified Homicide. Co-

habitation. Condemnation for Privileged Homicide.

1. Rulelf CrimeReason = ‘adultery’ then AccusedCondition w w
= ‘strong emotion’ or AccusedCondition = ‘depression’

2. Rulelf AccusedCondition = ‘strong emotion’ and Fact =

‘concretized’, then Article = 121 and Paragraph = 1

In Fig. 6 is shown the retrieved solution of the system.

frn Esbr [ Faortos Femamentas At
i 2] 7 - (=
G- 1 - D B 1) reetiocshost oot utalogn faes vior[d
8 (ee) @) e [ ovoBan st () ok || SkeMap W Yaboo! Srasd | | tasonomiss | | myfacesioeg | | MG (] Bem-vindo so Gl W
User Profile:
telle: silva
User:  Marcos Tadeu Siva
e-mail: marcassivadgmat.com
Lewel: &
Close History
Problems Solutions Explanatio
1 procecator view, lamyar viewd, lawyer view? 832 %
2 procecutor view 51.26/%
3 Tawrer viaw 77.70 %
] procecutor view 9565 %
Case
Solution:
vision: | Lewyer &
defire.
1
5
Case Problam %00 chega em casa e vé Maria a lnsé, irma de Jodo, dormindo na cama, despidos. Jo% entlo sacs seu revilver
descration: & atira canira Mana, que morre,
. You can select ane of these alternatives ¥
Conclsdo

Fig. 6. Prototype resolution.

User :Broker :Manager :SATA :Explainer
I I I I I
I I I I I
I Problem > ! ! ! !
| ,  Problem : : :
| 3 Problem !
: : | > Solution !
! o Explgnation of Solutjon }
, Explanation |
I, of Solution ! !

I
I

Fig. 7. Agents communication.

the explainer agent The Explainer Agent shows the solution
and explains the problem to the student.

6. Final Remarks and Future Work

This paper describes a hybrid ITS which provides human learn-
ing by problem posing to Law students and giving those appro-
priate tutorial feedbacks. The prototype has been used with
three types of knowledge domain (Jurisprudence, Normative
Knowledge, and doctrines). At the moment, it was described
the Case-Based Reasoning model and Rule-Based System that
integrate Jurisprudence, Normative Knowledge, doctrines, and
the application of the corresponding Legal concepts in the pro-
blem solving process. Technologies such as JADE [24], JESS
[8], Protege [21] were used on the development of the proto-
type. Each one of these tools can be considered as the state of
the art in its application domain.

Now, It has been developed the version 2.0 of the ITS. Itis
planned to this new version: (i) create the strategy structure to
the pedagogical model in others parts of the tutor; (ii) create
the student modeling structure to the student model, providing
a holistic view of each individual student is stored, allowing the
tutor to be highly personalized [9]. Finally, it is planned evalu-

In the case, three solutions were returned to the ITS. Threges the current system with undergraduate students to improve
SATA Agents were used to solve the case, where each solutigie system’s robustness.

represents one agent. The Table 1 with the agents characteris-

tics follows below:

Table 1. Agent characteristics.

Agent Context
SATA Agent121, Crime versus live
SATA Agent121; Crime versus live

SATA Agent23 About the Crime

Other characteristic presents in the example is that all SATA
Agents knew how to solve the case using the hybrid reasonind.?’]

On the other hand, only the SATA AgeB8 found a site to

guide the student with others knowledge of the solution. In
Fig. 7 is shown a diagram detailing the communication through

messages between the agents.

In the Fig. 7, the user only sends the problem to the system to
solve it. The agent responsible for receiving this message is

thebroker, that it sends the information to tiManager Agent

and after that to th&ATA SATAiInfers to solve the problem
with its society of agents. After SATA solves the problem, the
solution is sent to thbroker agentthat it sends the solution to
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