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Abstract. Argumentation is essential in our daily life since we argli¢he time in scientific communities, parliaments, courts
etc. In the field of education, argumentation and argumaiis skflect the students’ abilities to outline a claim in gilcal and
convincing way and provide supportable reasons for thancks well as identifying the often implicit assumptionstthaderlie
the claim. This paper introduces an innovative agent-bBE®deaching environment “ALES”, which concerns naturguanent
analysis. ALES offers two phases; learning phase and ei@iughase. The learning phase encompasses two learnatggés,
learning by search and learning by assessment, in whicbreift representative reports that follow the student psxgcan be
produced easily. During learning by search, ALES utilizesiny techniques to expose and retrieve the underlying expe
analyses that are most relevant to the subject of searchinibgaby assessment provides guidance through partial @adl t
feedback, which guide the student analysis based on thegheeted scheme. The evaluation phase aims to assessdéet'stu
analysis comparable to the pre-existed expert’s analy$is.paper aims to (i) describe the constituent models of AaEStheir
functions, (ii) present the encompassed tutoring scemassociated with an illustration of the teaching pedag@gypresent a
comparative study between ALES and other systems in the Salde
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1. Introduction pendium! Araucaria? Rationale? etc.) have been de-
o o o veloped. These tools are designed to foster students’
Argumentation is essential in our daily life since we  ability to articulate, comprehend and communicate rea-
argue all the time in scientific communities, parlia- soning and argumentation. The main drawbacks in
ments, courts. . etc. In the field of education, argu-  these tools are the absence of an administrator to adjust
mentation and argument skills reflect the students’ abil- the argument diagram process; In other Words] gu|d|ng
ities to outline a claim in a logical and convincingway  the students to analyze arguments based on scientific
and provide supportable reasons for that claim as well theories or evidence [15], and the lack of means of ar-
as identifying the often implicit assumptions that un- - guments’ search for retrieving, classifying or summa-
in developing instructional systems that help students argument to be retrieved, summarized or classified in
hone their argumentation skill [S]. Although argumen-  order to obtain useful information and make use of it
tation skill is very important in the field of education,  from a large argument database is missing. Moreover
students’ have difficulty in acquiring this skill because e production of appropriate common files types that
of their inability to follow the argument and highlight  on5pie the user to access the same argument using dif-

the main points of a context [10]. _ ferenttools is missing as well. Instead, special types of
In response to the importance of argumentation

skills in education, different mapping tools (e.g., Com-

Lhttp://compendium.open.ac.uk/software.html.
2http:// araucaria.computing.dundee.ac.uk/.
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files are generated such as AML files that are primarily comprised of three components: a parser, a classifier
committed to be used by Araucaria DB only. agent, and ateaching model, (iii) the student model, and
In this paper, in order to overcome the mentioned finally (iv) the graphical user interface model “GUI”
obstacles, we present an agent-based ITS learning en-implemented using Visual C++ that provides a stable
vironment "ALES” that invokes natural argumentanal-  encoding application and satisfiable interface. For the
ysis, retrieval, and re-usage from a relational argu- purpose of this paper, the next subsections present the
ment database (RADB). The database is considered asstructure and the implementation of the domain model,
a highly structured argument repository managed by the student model and the pedagogical model followed

a classifier agent [see[1,2] for more details about the py two student-system interactive scenarios at runtime.
RADB]. ALES offers two phases; learning phase and

evaluation phase. The learning phase encompasses two _
learning strategies, learning by search and learning by 2.1. The domain model
assessment, in which different representative reports

that follow the student progress can be produced eas-  The domain model is represented in the form of the
ily. During learning by search, ALES utilizes mining  re|ational argument database (RADB), it has been de-
techniques, gathered in a classifier agent, to expose andyg|oped and implemented by us, see [2,3] for more de-
retrieve the underlying experts’ analyses that are most tajis and discussions, which summon a huge number of
relevant to the students’ queries. Learning by assess- arqments. These arguments were previously analyzed
ment provides guidance through two kinds of feedback, by experts based on Walton theory of argumentation
partial and total, which guide student analysis based on using the AIF ontology [6,11]. The domain model can

the pre-selﬁcted jche:me. |'th evaluatlogl phasr:e aMSsemantically be represented as a forest of a numerous
to .‘”‘?SSSSI e:tu er|1ts_ an: ysis CoThpara ft?t T]_pLe'directed trees [7]. Each directed tree in the forest lays
existed experts analysis. FIowever, the€ ContexiS which v 5 semantic representation for a specific argument

presented to the student in the evaluation phase are . . L
. ) analysis. The domain model representation is general
those which have not been accessed before during the ; L :
enough to encapsulate multiple domains, it also enjoys

learning phase. - . .
The paper is firstly concerned with ALES architec- :)hei;);[ieegdlbl|lty feature, where adding new schemes is

ture, design and implementation through which it dis- . . . .-
cusses each model and the used mining techniques that Figure 2 describes the various building blocks con-

are utilized by the classifier agent. Secondly, It in- cerned with the RADB, using screen ShOES ofourirpple—
troduces the enclosed tutoring scenarios and strategiesmented system, such that: (a) th? table SChé—'B_E

that are used during the learning phase. Finally, the pa- 92thers the names and the indexes for different
per discusses some experimental results and providesScheémes, (b) the table “ScherB&uct TBL” assem-

an analytical evaluation in which different representa- Ples the details of each scheme in “Scheftét.”, ()

tive reports have been extracted. The paper is orga- the “DataTBL" table co_ntalns the analysis of different
nized as follows. Section 2 presents the agent-based arguments based on different scheme structure and pre-
ITS learning environment architecture and its encom- Serves the constraints of the AIF ontology [6] (s.t. no
passed models. Section 3illustrates the different learn- information node(l-node) refines another I-node).

ing modes and the used tutoring scenarios by provid-
ing an illustrative example. In Section 4, we compare
our work with the most relevant work performed in the
field, particularly from the motivational point of view.

Finally, future work and conclusions are presented in ~ The pedagogical model is responsible for reasoning
Sections 5 and 6. about the student’s behavior according to the student

model, in order to: i) retrieve the most relevant results
to the subject of search, ii) expose the corresponding
2. The architecture of ALES argument to the selected result, iii) guide the student
analysis based on the pre-existing one. The pedagogi-
The architecture of the argument learning environ- cal model as seen in Fig. 1 consists of three main com-
ment(ALES) as shown in Fig. 1 consists of four main ponents: a parser, a classifier agent, and a teaching
parts: (i) the domain model, (ii) the Pedagogical model model.

2.2. The pedagogical model



S. Abbas and H. Sawamura / ALES: An innovative agent-basedig environment to teach argumentation 27

Interface Model
GUI

Classifier
Agent

Domain Model
RADB

Student Model

Fig. 1. ALES architecture.

ID|SCH_Name | §1)) |SCH_I|Type | Content
1 Expert Opinion D

2| Popular Opinion 1 1 P | Source E is an expert in the subject domam X containing proposition B.

5 |inference 2 1 P | E asserts that proposition B in domain X is true.

6 Conflict 3 1/ C |B may plausibly be taken to be true

7 |Preference 4 8| CC |Critical Questions conclusion

------ 5 1/ CQ Expertise Question: How credible is expert E as an expert source?

6 1 CQ 1Is E an expert in the field that the B is in?
|ID | Stru_ID | Content |-l-we | Chid_of |ml | T

1 |3 kyle mutch tragic death was not an accident and he suffered |0 0 0 argument_602
injuries consistent with a punch or a kick.

2 11 RA-Node 1 1 1 argument_602
be caused by accidient

3 2 Dr.James told the high court at Forfar the youngest death could 1 2 2 argument_602
not be caused by accidient shortly after his death is expert

4 |1 Dr.James Grieveis a Pathologists who examine the baby 1 2 2 argument_602
shortly after his death is expert

5 4 Death, not an accident, court told not toddling and has not been|1 2 2 argument_602
in a motor car

6 |11 RA-Node 1 5 3 argument_602
at Aberdeen university told the jury that the buries could
have been caused by a single blow from a blunt instrument, like
a closed hand

7 |6 Dr.James Grieve is an expert in pathology 1 6 4 argument_602

Fig. 2. The main tables in RADB.
2.2.1. Parser improve the results of the classifier where combinations

The parser, as seen in Fig. 3, receives a statementof unnecessary words vanish, ii) reduce the number of
S from the student. This statement is divided by the iterations done by the classifier agent. The parser has
parser into tokens, and then the number of tokens is already been implemented and discussed in [3].
reduced. Finally the final crucial set of words/,

Ws ... W,} is sent to the classifier agent. The tokens 2.2.2. Classifier agent

are reduced if they belong to a lookup table containing  The classifier agent gathers and controls different
a set of all unnecessary words lika, an, the, he, have,  mining techniquesin order to classify the retrieved con-
is, him ..., etc}, otherwise it is added to the set of texts based on student’s choices. The agent mines the
tokens to be sentto the classifier agent. The importance RADB repository aiming to: (i) direct the search pro-
of the parser module lies in reducing the set of tokens cess toward hypotheses that are more relevant to stu-
into a set of significant keywords, which in turn willi)  dent’s subject of search; classifying the analogous ar-
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|j===== P i‘rier_l\logule_ -—— 1) Input String Statement S;

| Sw, : < W, st j<n 2) Divide S in to Set of n Words {wi,Wwa,...,Ww,}3
ey PRES=

1 3) Open [RADB].TokenTBL;

! Output 4) For Each i=1 to n Check(w));

a. If w; € TokenTBL Then Delete w;;

Input

RADB
(Token Table)

(@) (b)

Fig. 3. The parser model.

b. Else Return wi;
Jjsm

5) OutPut the ItemSet I= Z

I=

w,

guments in different ways based on students’ choice, FEARTHETGN Zas
seeking for the most relevant arguments to the subject Frur.™or pyes BRI fosessiG EVALUATION REPORTS
of search. (ii) add flexibility to the retrieving process by | —
offering different search techniques. The agent offers CENERAL
three search techniques: priority search, rule extrac- subiTresRide
tion search, and general search. In the former, the pri-
ority search classifies and retrieves contexts based on
the maximum support number and the student’s search
criteria using an adapted version of the AprioriTid [4]
mining technique. The search criteria depends on the
student’s choice, it can be either by premises or by con-
clusion. The premises (with/against) criterion retrieves
arguments by searching only in the different premis-
es. Similarly, by conclusion retrieves the arguments

Fig. 4. The main window of our implemented system in VisuatC+

itemsets [3,4]. These combinations will then be used
to classify the retrieved contexts and queued them in

by searching only in the different conclusions. The & descending order based on its support number. As
rule extraction technique summarizes the retrieved ar- a response to the.prl_orlty gegrch purpose, an adapted
guments searching for hidden patterns that are most Version of the AprioriTid mining algorithm has been
relevant to the subject of search, then this patterns are @PPlied. This adapted version, as seen in Fig. 5, con-
exposed in the form of rules. Each rule, for each re- S|ders the single itemset (1-itemset) size as Wel! as the
trieved argument, contains the affirmative™and the maximum support number usage, rather than k-itemset
negative “” parts relating to the final conclusion of ~ for k=2 and the minimum support number “minsup”
that argument. In the latter, the general search utilizes M&chanism. For more clarification, the priority search
the tree structure lying in the RADB repository, and Mines specific parts of the pre-existing arguments based
retrieves the most relevant arguments to the subject of N the users’ search criteria. These search criteria en-

search based on the breadth-first technique. able the student to seek the premises, conclusions or
the critical questions lying in the different arguments.
2.2.2.1. Priority search For example, suppose the student queries the RADB

The AprioriTid algorithm [4] has been implement- ~ searching for all information related to “Islamic inher-
ed and embedded to the classifier agent as “Priority itance rules”. Simply, he/she may write “the inheri-
Search” as seen in Fig. 4. The Priority search aims to tance regularities in Islam” as the search statement and
retrieve the most relevant arguments to the users’ sub- can choose the conclusion as the search criterion. In
ject of search and queuing them based on the maximum this case, the classifier agent receives the set of signifi-
support number, such that the first queued argument is cant tokeng/inheritance, regularities, Islajrfrom the
the one that has more itemsets [3] related to the subject parser model. This set is considered as the single size
of search. Although the AprioriTid algorithm has orig-  itemset (1-itemset) C= {wi, W, w3} that contains
inally been devised to discover all significant associa- the most crucial set of words in the search statement.
tion rules between items in large database transactions, Then, the agent uses the adapted version of the Aprior-
the agent employs its mechanism in the priority search iTid algorithm to generate the different super itemsets
to generate different combinations between different Cy<j<3, which are the different combinations between
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1- L;={ large 1-itemsets};
2- for each itemset C; € L; repeat step 5 and 6 for k=1;

3- for (k=2;Lj_1 # ?; k++) do begin

4- C, = apriori-gen(Ly_1); //new candidates
5- for all transitions t € d do begin

6- Cr=subset(Cyx,t); //candidates contained in t
7- end;

8- for all similar candidates ¢ € U, Cj do

9- c.counttt; // the support number

10- Ans={c € C} || descending ordered};

Fig. 5. An enhanced version of AprioriTid.

D = {{3, Context;, argument 602), {2, Contexts, argument 314), ..... Jete ).
L Lz Ls
C) T Cq [ C3 C3
wi | {1,2,7} {wiw2} | ({12} {wi w2 w3} | {1}
wz | {1,3,5} {wiws} |({L2}
wy | {1,2} {wa w3} | {1}
Ans
. Cy | Set of candidate k-itemsets
Argument Support —
m number Cxk | The ID transactions associated with
each candidate
1 7
Lx | Set of large k-itemsets. Each
2 4 member of this set has two fields
7 1 ) Cx  ()Ck
3 1 D | The transactions “Data_TBL”
query that contains three fields:
(i) transaction ID
(ii) the associated content/c ontext
(iii) the associated argument_no.

Fig. 6. The adapted AprioriTid mechanism.

different tokens. So, the generated super itemsets, aspatterns “embedded subtrees” [7] that coincide with the
seen in Fig. 6, will be the 2-itemset,C= {w;ws, relation between some objects. These objects express a

wiWs, Wows}, and the 3-itemset £= {w;waws}.
Afterward, the different conclusions in the different ar-
guments trees will be mined seeking for the most rel-
evant set of arguments Aas{d;, d, ..., d,, } such
thatV d;eD 3 Cyeqi0,.;3C d;. Finally, the results

set of the most significanttokens of the user’s subject of
search. Precisely, suppose the student wants to report
some information about the relation between the “USA
war” and the “weapons of mass destruction”. At the
beginning, the user’s search statements are reduced to

will be queued in a descending order and exposed in a the most significant set of tokens by the parser [1-3].
list, where the student can choose the argument nameThen, the different argument trees, pre-existing in the
“Argument314” from the list to expose the associated RADB repository, are mined in order to fetch these
context and analysis. different tokens.
Figure 7(a) shows the analysis of an argument tree,
2.2.2.2. Rule Extraction search where some enclosed nodes coincide with the student’s
Rule extraction mining is a search technique inwhich search statements, while Fig. 7(b) shows the revealed
argument trees are encountered to discover all hidden embedded subtree. Finally, each resulted subtree is
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Fig. 7. The tree Rule Extraction search.

Treef SubStructure Search El@‘g‘
The Relation Between |U5A war And |wmd Search
| Content | C
argument_214 +(If a war is not justified ......I)-(The weapons of mass destruction “wmd" .....)+(The USA continu... war would be illegal, and Saddam’s ..
argument_810 +[Milton Friedman and James Tobin stated that no war for oil was needed.] There is not need to exchange blood
= L]

Fig. 8. The representation form of Rule Extraction searechlte

expressed in the form of a rule as shown in Fig. 8, LI 3
where “+” indicates that this node is a support to the
final conclusion whereas-" is a rebuttal node to the

final conclusion. Search Text ’lhe inheritance reqularties in istam

SEARCH ‘

2.2.2.3. General search
This technique utilizes the tree structure lying in the

RADB repository, and retrieves the most relevant argu- Search Result
ments to the subject of search. This search mechanism Aqumentt |
is considered substantial for the structured repository arqument_2
and annotated as “General Search” (see Fig. 9). It us- arqument_1
es the breadth first search technique [8,14] in order to

encounter all nodes in the argument trees and retrieves
the most relevantgroup. For example, suppose the user Fig. 9. The General search representation form.
writes “the destructive war in Iraq” as a search state-
ment. The revealed contexts, as shownin Fig. 9, willbe user picks one of the resulted search arguments, the
ordered based on the nodes’ cardinality. Which means associated context and analysis are depicted.
that the first queued argument is the one that contains
more nodes related to the subject of search. 2.2.3. Teaching model

With respectto Fig. 10, the breadth first search seeks  The teaching model monitors the student actions,
each tree in our RADB forest, preserving the ancestor- guides the learning process and provides the appro-
descendant relation [7,8] by searching first the root priate feedback. The model starts its role when the
Fig. 10(a), then the children in the same level as in classifier agent sends the documentsBlected by the
Fig. 10(b) and so on as in Fig. 10(c). Finally, if the student. The teaching model checks, according to the
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Fig. 10. The breadth first search.

current student model, whether the student is in the pert’s analysis then, based on the evaluation results,
learning or the assessing phase. If the student is in the guide the student to either return to the learning phase
learning phase, the document is presented associatedor use the system as a searching tool. In both stages, the
with the corresponding analysis. On the other hand, student model monitors the student’s actions and stores
if the student is in the assessment phase, the studentthe necessary information as part of the performance
is able to do his own analysis, and the teaching model history. For example the accessed arguments, the num-
will guide him during analysis by providing personal- ber of access times, the assessmentratios (partial/total)
ized feedback whenever required. Two kinds of feed- and the evaluation results. Next subsections show how
back are provided by the teaching model; partial argu- the student can interact with the system providing dif-
ment negotiation and total argument negotiation, which ferentmodes. Then, an illustrative example, that shows
are going to be discussed in Section refstudent-systema complete run for one of the proposed scenarios, is
interaction. presented.

2.3. The student model 3.1. Different learning modes

The student model stores details about student’s In the learning by search mode, the teaching model
current problem-solving state and long term knowl- offers different search types that exploit mining tech-
edge progress, that is essential for future student’s per- niques to add flexibility to the retrieving process [see
formance evaluations. The model considers person- Subsection 2.2.2]. It aims to avoid student’s intellec-
al information, pre-test evaluation, and performance tual dispersion during learning by exposing the most
history. Personal information contains personal da- pertinent arguments to the subject of search. Such per-
ta as name, ID, password, state (learning/assessment)tinent arguments have been analyzed and pre-stored in
feedbacktype(partial/total) . ., etc. The pre-testevalu-  the RADB [2,3] by experts in the domain.
ation permanently assesses the student’s argumentanal- |n the learning by assessment mode, ALES provides
ysis skills and follows the student progress through a form, as seen in Fig. 11, that allows the student to
learning process. Finally, the performance history im- choose his required scheme for his analysis. After the
plicitly reflects how much the studenthas done and how scheme is selected, the system proposes a list of argu-
well. ments that could be analyzed using such scheme. The

student is then asked to select an argument from the
proposed list. In this case, the teaching model presents
3. Tutoring scenarios the transcript of the chosen argument associated with
an empty tree skeleton, as shown in Fig. 11, and asks

ALES offers guidance through the two tutoring phas- the student to start his analysis. The student starts the
es it provides; the learning phase and the evaluation analysis by copying and pasting text passages from the
phase. The learning phase encompasses two learningtranscript or enters free text into the nodes. The teach-
strategies, learning by search and learning by assess-ing model traces each node text and divides it into a set
ment, in which different representative reports can be of significant tokens, then interprets and evaluates the
produced easily. The evaluation phase aims to assesserrors ratios comparable to the pre-existing analysis un-
the student’s analysis comparable to the pre-existed ex- derlying in the RABD. Finally the model provides two
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¢ RADB PROJECT

Select Scheme [slamic Inheritance_2 Scheme  -|  Select Argument [argument_2 -

The Cortoby Imam said: (Aous Ben &
Thabet El-ansary died on islam and left a
wife, called “Om Kjh", three daughters,

and a young son. Since Aous has no Argument Analysis | | Scheme Structure
brothers, sister, or parents, his cousins, = othe ht_ai_ls are lhe_lamily meml?ers and the parents, i = the heirs are the family members and the parents, if -
swyd and arfja, are the only executors. = Critical Questions Conclusion = Critical Questions Conclusion

i )
E:‘den"&“‘i":'::r‘::'&;g ﬁzz‘t;e"l‘;'i‘l‘:"':n““ mEmply Node does she dies on islam and the death cerifica
anvlhing S0 the wife went1o the prophet 1Emply Node does the funeral expenses and debts have bee
Muhamn;ad peace be upon him, and CoEmpty Node does histher will is executed first?
mentioned what happened from swyd 1Empty Node does all the legal heirs are muslims and follow
and arfit. The prophet Muhammad, S HA-édode N = Premises )
peace be upon him, called both cousins ooEmply Node a muslim person died
for inquiring, they said: [yaa] messenger Empty Node histher family contains at least a son
of Allah, Aous's boy is not adult; he
cannot ride horses, nor carries sword,
nor uses speared, nor fights enemies?ll. — | ||« > < >
Finally, the prophet ordered to divide the
inheritance based on the law of Islam, DELETE
leninh that cinra thara is na will ar dahte ¥

Fig. 11. The learning by assessment form.

kinds of feedbacks, partial or total, based on the student 3.2. An lllustrative example
choice and records the student’s errors for the current
transcript, which in turn will be used, by the student This example shows a complete run for partial nego-
model, to evaluate the performance and to follow the tiation of the assessing phase. The system interactions
progress of the student. are written in normal font. The student’s actions are in
. . . bold. My illustrations to some actions will be in capital
— Case of partial argument negotiation: In this letters.
case, the student starts analyzing the argument SUPPOSE THE STUDENT IN THE ASSESS-
context in the form of a tree in which the root |\ PHASE CHOOSES THE PARTIAL FEED-
holds the final conclusion of the issue of discus- BACK PROPERTY. THE SYSTEM WILL GIVE THE
sion. The teaching pedagogy used in this case pro- STUDENT THE ABILITY TO SELECT SPECIFIC

vides partial hints at each node of the analysistree. gcHEME TO BE USED IN HIS ANALYSIS. AS
They are results of comparing the student's current gpowWN IN Fig. 12. ’

node analysis to the original one in the argument  ;gq- “expert opinion scheme”.

database. These hints are provided before allow-  THE WHOLE ARGUMENTS, THAT USE THE

ing the student to proceed further in the analysis ExpERT OPINION SCHEME" IN ITS ANALYSIS,

process; they aim to minimize the analysis error v BE LISTED SUCH THAT THE PRIORITY IS

ratio, as much as possible, for the currentanalyzed 1o THE CONTEXTS THAT HAVE NOT BEEN AC-

node [see Subsection 3.2 and Fig. 13]. Generally, cESSED YET BY THE USER DURING LEARNING.

the teaching model guides with the studentviathe  system:[argumer802, argument, argumen14].

partial hints at each node till the error of the current User: picks up one of the listed arguments, argu-

node is minimized to a specific ratio. After then, ment.602 as example.

the studentis able to move to the next analySiS Step System: presents the transcript of the chosen argu-

(i.e., node). ment with an empty tree skeleton as shown in Fig. 12.
— Case of total argument negotiation: The total User: starts the analysis by writing “final deci-

argument negotiation is similar to the partial ar-  sion is the death was not accident” in the root/final

gument negotiation. However, the teaching ped- conclusion node, then the user presses save.

agogy is different in that it provides hints only at System: divides the user statementinto tokiimsl,

the end of the analysis process [see the Appendix decision, death, accidentand compares these tokens

and Fig. 25]. In other words, after the student with the expert analysis for the same node. Then cal-

builds the full analysis tree for the selected con- culates and records the error ratios for that node.

text, the system interprets and evaluates the stu- System: shows out the following message “your

dent’s analysis comparable to the pre-existing one analysis is partially correct try to use the word§yle

and remarks the errors. Mutch, tragic, suffered, punghin your node analy-
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£z RADB PROJECT

Select Scheme Expert Opinion -] Select Argument |FTIIYITNAH -

Eight-month-old Kyle Mutch's tragic —

death was not an accident and he

suffered injuries consistent with a punch .

or & kick, a court heard yesterday. The Argument Analysis Scheme Structure

baby, whose stepfather denies murder, = B may plausibly be taken to be true = B may plausibly be taken to be true

was examined by pa@hnlogisl Dr Jnmes = g Critical Questions Conclusion = Critical Questions Conclusion

Grieve shortly after his death. Dr. Grieve o Expertise Question: How credible is expert E : Expertise Question: How credible is expert E a:
toldthe Hioh Courcal Fortar the ols E an expertin the field that the B is in? I E an expert in the field that the B is in?
'youngest was covered in bruises and Does E rions imply B? ot :

2 : [ Does E assertions imply BY Does E assertions imply B?
had suffered a crushed intestine as well : =
2 : s E reliable as source? Is E reliable as source?
as severe internal bleeding. When asked D = < . g Les .
m1Does B consistent with the assertions of other Does B consistent with the assertions of other 1

by Advocate Depute Mark Stewart, Backup Evid qusstion:srath 2 M 4 b
prosecuting, if the bruises could have 1 Backup Evidence Question: are there any evic Backup Evidence Question: are there any evide
been caused by an accident, he said =oRANode . . . = Premises

"No. Not in a child that is not walking, mSource E is an expertin the subject domain X Source E is an expert in the subject domain X (
not toddling and has not been in a motor o asserts that proposition B in domain X is tr E asserts that proposition B in domain X is true
car." Dr. Grieve said the injuries had &) ) > < | >
happened "pretly quickly" and would be

"difficult for an infant to cope with". The SAVE DELETE

Fig. 12. The assessment form.

sis, rather than the wordginal, decision,..} that have in complex domains like legal reasoning, control or

been used in the current analysis”. preprocessing, and natural language manipulation.
User: reanalyzes the current node adding the Later, in response to these problems, a number of

context that contains the advised keywords. argument mapping tools [10,12,16,17] have been de-

System: compares again the current context node veloped to foster debate among students about specific
with the pre-existing analysis and negotiate again, guid- argument using diagrams for argument representation.
ing the user as seen in Fig. 13, till he reaches to the However, they lack the influence of mining and artificial

correct analysis for this node. intelligent, which are needed to (i) guide the student to
User: fills the other nodes. understand the relation between scientific theories and
System: negotiates based on the pre-existing expert evidence through the analysis process; by providing

analysis guiding the user during his analyses. the suitable feedback whenever required based on the

AFTER THE USER FINISHES HIS ANALYSIS student choice and the pre-existing experts analyses,
TO THE WHOLE CONTEXT, FILLING THE SUIT- (i) retrieve the most pertinent arguments to the sub-
ABLE ANALYSIS FOR EACH NODE, THE SYS- ject of search, which in turn avoid student’s intellectual
TEM WILL RECORD THE FIRST ANALYSIS RA- dispersion during the learning phase.

TIO FOR EACH NODE, THEN CALCULATE AND Araucaria DB [9,16], as example, is one of the most
RECORD THE WHOLE ARGUMENT ANALYSIS significant mapping tools that facilitates the data pre-
RATIO FOR THAT ARGUMENT. THEN THE SYS- processing and contains different analyzed contexts.
TEM, BASED ON THE WHOLE ANALYSIS RATIO, However, it suffers from many problems, such as: (i)
WILL ADVICE THE STUDENT EITHERTO GO TO generating special types of files "AML [9]" that are
THE EVALUATION PHASE OR RETURN TO THE primarily committed to be used by Araucaria only, (ii)
LEARNING PHASE. users’ context analysis does not follow empirical reg-
ularities and indeed analyzing any document depends
on one’s own thoughts and beliefs not on a dedicated
4. Discussion and experimental evaluation structure for different argument schemes, and (iii) data
retrieval methods still suffer from some problems that

Since early, the field of Al and education has been will be clarified in the next comparison.
very interesting to most of the researchers, where many  To compare Araucaria DB with our system “ALES”,
instructional systems have been developed to hone stu-twenty contexts were selected from Araucaria DB to act
dent’s argumentation skills. SCHOLAR and WHY sys- as ALES data entry. These selected contexts were re-
tems [8] are examples for these trials. However, these analyzed based on Walton schemes and stored in ALES
systems were mainly designed to engage students in adomain model “RADB”, for more details about the da-
Socratic Dialog that exhibits significant problems such ta conversion see [1]. The contexts’ content revolves
as knowledge representation [8], especially when used around various themes including religions, crimes, Phi-
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Select Scheme  Expert Opinion

Eight-month-old kyle mutch tragic death =
was not an accident and he suffered
injuries consistent with a punch or a

| Select Argument [argument_g02 2

t Analysis

kick. a court heard yesterday. The baby, stz

whose stepfather denies murder, was =
examined by pathologist Dr James
Grieve shortly after his death. Dr. Grieves

Partial Advice

b rejected words are: final, decision,
itold the high court at forfar the youngest - missing words sre: kyle,
was covered in bruises and had suffered

a crushed intestine as well as severe

final decision is the death was not accident

‘utch, tragic, suffered, injuries, consistent, punch, kick.,

‘— Scheme Structure ——————————————————

B may plausibly be taken to be true

53] critical Questions Conclusion

Expertise Question: How credible is expert E a:
Is E an expert in the field that the B is in?
Does E assertions imply B?

TPty o

internal bleeding. When asked by

advocate depute mark stewart, coEmpty Node
prosecuting, if the bruises could have CEmpty Node
been caused by an accident, he said = mRANode

"no. not in a child that is not walking, not Empty Node
toddling and has not been in a motor cEmpty Node

car." dr. grieve said the injuries had R

13 E reliable as source?

Does B consistent with the assertions of other:

Backup Evidence Question: are there any evide

= Premises

Source E is an expert in the subject domain X «

E asserts that proposition B in domain X is true
I >

happened "pretty quickly" and would be
"difficult for an infant to cope with". the
Iacturer in frentir medirinae at v

o] o]

Fig. 13. User guide through partial feedback.

Table 1
The retrieved results using different staments

ALES

Araucaria DB

Sy none {arg ,arg,args }
S none {argi,arg,args }
S;  {argi,argp.args} {arg, arg.arg }

losophy and politics, where three of these contexts
{arg,,arg,arg; } analyze the political issue for the Iraq
war. In order to verify and compare the retrieval meth-

ods in both systems, three search statements related to

“Iraq war” were used.

e S; = “the destructive war in Iraq”,
e S, ="lrag war”,
e S3 ="lraq”.

As shown in Table 1, the retrieved results varied in
Araucaria DB rather than ALES. ALES identified the

three contexts relevant to the search statements and

showed them ordered by priority [see Subsection 2.2.2].
Whereas Arcauria DB could not retrieve the pertinent
arguments except forsS

Responding to the mentioned mapping tools’ prob-
lems, I. Rahwan presents the ArgDf system [6,11]
through which users can create, manipulate, and query
arguments using different argumentation schemes.
Comparing ArgDf system to our approach, it has been
found that both of them sustain creating new arguments
based on existing argument schemes. The ArgDf sys-

tem guides the user during the creation process based on

the scheme structure only; the user relies on his efforts
and his background to analyze the argument. Howev-
er, in our approach, the user actions are monitored and
guided not only by the scheme structure but also by
crucial hints devolved through the feedback. Accord-

ingly, the creation process is restricted by comparing

the contrasting reconstruction of the user analysis and
the pre-existing one. Such restriction helps in refining

the user’s underlying classification.

In the ArgDf system, searching existing arguments
is revealed by specifying text in the premises or the
conclusion, as well as the type of relationship between
them. Then the user can choose to filter arguments
based on a specific scheme. Whereas in our approach,
searching the existing arguments is not only done by
specifying text in the premises or the conclusion but
also by providing different strategies based on differ-
ent mining techniques in order to refine the learning
environment by adding more flexible interoperability,
guarantee the retrieval of the most convenient hypothe-
ses relevant to the subject of search, and facilitate the
search process by providing a different search criteria.

ALES enjoys certain advantages over ArgDf system
and others in the same field, such as:

o it offers two tutoring strategies, learning by search
and learning by assessment, through which min-
ing techniques are used not only to retrieve con-
venient results but also to guide the students dur-
ing the analysis process to understand the rela-
tion between the scientific theory “Walton theory”
of argumentation and the evidences in the natural
arguments.

it can trace the users progress, through both learn-
ing and evaluation phases, and produce represen-
tative reports about the learner analysis history,
which in turn excavate the proper weakness points
in the learners’ analysis skills.

Figure 14, as an example, shows the analysis progress
of the current student, spotting on the conclusion node
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student progress report for the final conclousion of different Current Student Analysis Progress Report
arguments

08 08

08
06 + 07
o 06

g 05 —— Ratio

oal 3

04
0.3
02 + 02
0.1

0+ T T T T T ™ ]
0
argument_1 ‘argument_602 |argument_533[ argument_2 |argument_331| o 1 2 3 4 a8 6 7 8

—=—Series2 075 | o043 | o041 | o067 | o052 | Exame#

(a) (b)

Fig. 14. The resulted progress reports.

Scheme Ierations Report Accessd During Learning By Student: Mark

- Islamin Popular werbal Islamin
Expert opinion Inheritance_1 Opinion Classification | Inhertance_2
‘+ Iteration 10 3 6 2 5

Fig. 15. The accessed schemes during learning phases amaintiiier of access for specific student.

analysis ratio for different arguments using different line a claim in a logical and convincing way and pro-
schemes. Looking deeply in this diagram, it can be vide supportable reasons for that claim. However, we
concluded that this student cannot highlight the final argue that argumentation can also be defined as an in-
conclusion of different contexts correctly, whichmeans  te|lectual process that depends on one’s thoughts and
that the student cannot well understand the proposed pejiefs and can be affected by the surrounding envi-
contexts. Whereas Fig. 14(b) shows that the student's \onment and culture. We believe that, the cultural as-
total argument analysis skill starts to improve after the pects are well-reflected in the style of mutual argument

fourth exam. analysis. Accordingly if the student’s argument analy-
Moreover, a report that declares the accessed .
. . ses for the different proposed arguments are traced, the
schemes during the learning phases and the number of ) . .
student’s personality, customs, culture and beliefs can

student’s access times “iteration” can be extracted as b dicted. Thi dicti b di |
shownin Fig. 15. The importance of this reportappears e predicted. IS prediction can be used in severa

in the evaluation phase, such that the scheme, which Ways to further enhance the learning process such as
will be used in the analysis during the evaluation, ei- Ccustomizing the proposed arguments during the learn-
ther have the least number of access or have not beenind process to be related to student’s culture and be-
accessed before during the various |earning phases_ liefs. It can also be used to build an intelligent student
On the other hand, ALES handles special types of model that can analyze the data collected during the
arguments, in which only one scheme is used in the learning phase and classify the students into distinct
analysis process. So, if the context is much bigger groups confronting distinct contexts/arguments. This
and needs more than one scheme in its analysis, ALES can be achieved through analyzing the paths the student
cannot be used. had taken through the whole analysis processes, and
the most popular schemes, or parts of schemes that had
been used. In the future, we intend to use the frequent
tree mining techniques [7,13] to search for the frequent
The work done in this paper defines argumentation patterns in different arguments in order to identify an
as those skills that reflect the students’ abilities to out- artificial student model. In addition to integrating nat-

5. Future work



36

Sign in

Uszer Name I*aﬁﬂ

Password |""’““"“"""Ir

I Log In || I Register || | Cancel |

Fig. 16. The log in form.

ural language software to aid in the polarity classifi-
cation, in which the underlying RADB arguments are
classified into affirmative and rebuttal lists to the is-
sue of discussion. Such classification will add more
flexibility and convenience to the classifier agent.

6. Conclusions

In this paper we introduced an innovative argument
learning environment (ALES) to teach argument analy-
sis. ALES extends the previous work done on building
a highly structured argument repository (RADB) with
managing tool [2,3]. The main aim of developing this
environment is to aid in improving the student’s argu-
ment analysis skills. ALES serves as a new trend in

teaching arguments. The proposed architecture serves

the educational process by allowing learning and as-

sessing phases where personalized feedback is provid-

ed. ALES guides the student during argumentlearning,
analysis, and preprocessing. In addition, ALES enjoys
certain advantages over others, where (a) arelevantan
convenient result is assured to be obtained especially
when the search statement is in this form: “the destruc-
tive war in Iraq”, (b) special types of reports, which
follow the historical learning progress, can easily be
extracted.

Appendix: Practical example

This appendix shows an example of a complete run.
The system interactions are written in normal font. The
student’s actions are in bold. My illustrations to some
actions will be in capital letters.

THE SYSTEM, AS SHOWN IN Fig. 16 ASKS THE
USERTOLOGINORREGISTERIFITISHISFIRST
TIME.

S. Abbas and H. Sawamura / ALES: An innovative agent-basedig environment to teach argumentation

#2 RADB PROJECT
DATA  SCHEMES | SEARCH ASSESSING EVALUATION REPORTS

PRIORITY
GENERAL
Rule Extraction

Fig. 17. The main form.

SUPPOSE THIS IS THE FIRST TIME THE STU-
DENT ACCESS TO THE SYSTEM.

System> Hello safia, do you have background about
argumentation?

THE USER SHOULD CHOOSE AN ANSWER
FROM AN EXISTED LIST. SUPPOSE THE USER
HAVE NO IDEA ABOUT ARGUMENTATION OR
ARGUMENT ANALYSIS.

Users> No.

IN THIS CASE, THE SYSTEM GIVES THE USER
A BRIEF INTRODUCTION ABOUT THE SYSTEM
AND HOW HE CAN INTERACT WITH IT IN OR-
DERTO GAIN KNOWLEDGE ABOUT ARGUMEN-

o TATION.

Systems Ok. Let's see how you can use the different
screens. You can navigate in our system searching for
specific issue using different criteria through the search
tab, then from the exposed arguments list you can pick
any argument. This allows you to see the original con-
text and the associated expert analysis. Next you can
use the assessing tab for quiz arguments, you are asked
to analyze it based on your selected scheme. This stage
can provides you with two kinds of feedback “partial
or total”, this feedback will help and guide you during
your analysis procedure.

Systems Are you ready to start now?
USER> Yes.
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Rule Extraction Q@lxj

The Relation Between |

and |

Fig. 18. The main rule extraction form.

The Relation Between |wenpnn: of mass destruction And

\war

Argument# | Content

I Conclusion

argument_214 +(If a war is not justified by international law, it is illegal)+(The weapons of mass destru...
argument_810 +(Milton Friedman and James Tobin stated that no war for oil was needed.)

war would be illegal, and Saddam reign of bruf
There is not need to exchange blood for oil

Fig. 19. The rule extraction form.

THE MAIN FORM WILL APPEAR TO THE USER
AS SHOWN IN 4.

Users> presses the search tab as seen in Fig. 17 and
selects the “Rule Extraction” search technique

Users> picks up argument 214 from the retrieved
list to see the main context and the associated anal-
ysis.

Systems> presents the associated context and analy-
sis as in Fig. 20.

Systems> opensthe search window as seenin as seen

in Fig. 18 giving the user the ability to write his search
statements.

Users as seen in Fig. 19, the user writes in the
first search text “weapons of mass destruction” and
in the second text “war”.

Users presses search button.

THE SYSTEM RETRIEVES THE DIFFERENT RE-
LATED ARGUMENTS BASED ON RULE EXTRAC-
TION TECHNIQUE SUCH THAT THE RESULTS,
AS SEEN IN FIG. 19, WILL BE ON THE FORM OF
“+/—" RULES RELATING TO THE FINAL CON-
CLUSION.

Systems- the search results are the following list [
argument214, argumen810] as in Fig. 19.

DURING STUDENT NAVIGATION, THE STU-
DENT MODEL RECORDS EACH ACCESSED AR-
GUMENT. AFTER THE USER FINISHES NAVI-
GATING, HE CAN MOVE TO THE ASSESSING
TAB IN ORDER TO START THE LEARNING
BY ASSESSMENT PHASE, WHICH PROVIDES
THE ABILITY TO ANALYZE SPECIFIC CONTEXT
GUIDED BY FEEDBACK.

Users> presses the assessing tab as seen Fig. 21 and
selects the “total feedback”.

Systemgg please select a specific scheme to be used
in your analysis [see Fig. 22].
Users> “expert opinion scheme”.

THE WHOLE ARGUMENTS, THAT USE THE “EX-
PERT OPINION SCHEME” IN ITS ANALYSIS,
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o [Map]: argument_214

critical question1: The
weapons of mass

been deployed. They

Saddam's reign of
brutality glossed by his
one truth: that Irag

-
possessed no wmd

destruction "wmd" haven't

haven't been discovered. ~ @, -
_~RA_MNode
critical conclusionif a ) ? i
waris not justified by «_ critical question2:A
international law, it is state's claim for
ilegal self-defence does not
justify military action
F against another state
* that has not attempted or
b threatened an attack on it
warwould be illegal, and . Saddam was as bad a guy

as one can get

there is no law-national
or international-that
sanctions attacks on guys
because you have good
reason to believe they
are bad, and could
threaten you.

EIEX

critical guectioni:the
USA continue to ook at
sites around the country.

%

Fig. 20. The context and analysis representation form.

# RADB PROJECT
DATA  SCHEMES SEARCH | ASSESSING EVALUATION REPORTS
PARTIAL

Fig. 21. The assessing tab.

Total Assessment

Select Scheme El

Argument from Verbal Classific s
Conflict

Depate Result 3
Expert Opinion &
inference

Islamic Inheritance_1 Scheme »

Fig. 22. The scheme selection window.

WILL BE LISTED SUCH THAT THE PRIORITY IS
TO THE CONTEXTS THAT HAVE NOT BEEN AC-
CESSED YET BY THE USER DURING NAVIGA-
TIONS.

Systems> [argument533, argumen602, argument
_705,...] as shown in Fig. 23.

Usergg picks up one of the listed arguments, argu-
ment602 as example.

Systemgg presents the transcript of the chosen argu-
ment associates with an empty tree skeleton, as shown
in Fig. 24.

Users> starts the analysis by copy and paste text
passages from the transcript or enters free text into
the nodes, as shown in Fig. 24.

Usergg presses advice button after the whole anal-
ysis is done.

Systemgg divides each statement in each node in-
to tokens, and compares these tokens with the expert
analysis for the same node.

Systemgg calculates and records the errors ratio for
the whole analysis.

Systemgg shows out a declarative report, as shown
in Fig. 25, that describes the mistakes of each node
separately.

AS SEEN IN Fig. 25 THE STUDENT ANALYSIS
OF THE FINAL CONCLUSION NODE “NODEOQ”

IS PARTIALLY CORRECT AND THE STUDENT
HAS BEEN ADVISED TO USE THESE WORDS IN
HIS ANALYSIS {SADDAM, REGION,..}. ALSO
IN “NODE3” WHICH IS ONE OF THE CRITICAL
QUESTIONS, THE ANALYZED STATEMENT IS
CORRECT HOWEVER THE TYPE OF THE NODE
(SUPPORT OR ATTACH) IS WRONG. AFTER THE
USER FINISHES HIS ANALYSIS TO THE WHOLE
CONTEXT, FILLING THE SUITABLE ANALYSIS
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Total Assessment El

Select Scheme [Expert Opinion v Select Argument || v

argument 533
ent 60

0 arg
Analysis argument 785 eme Structure
[JExpertise Qugargument_800 = Critical Questions Conclusion “
[ls E an expertargument_810 Expertise Question: How credible is expert E
[1Does E asseriargument 831 Is E an expert in the field that the B is in?
[Is E reliable as source? Does E assertions imply B?
[ODoes B consistent with the assertions Is E reliable as source?
[ Backup Evidence Question: are there Does B consistent with the assertions of othe -
= [JRA-Node Backup Evidence Question: are there any evi
[ Source E is an expert in the subject di = Premises
[JE asserts that proposition B in domaii_ Source E is an expert in the subject domain
¥ E asserts that proposition B in domain X is trv
< & @ 1 | 3

Fig. 23. The argument list.

Select Scheme  Expert Opinion v| SelectArgument |argument 602 -

[ight-month-old kyle mutch tragic A
death was not an accident and he

suffered injuries consistent with a punch .
or a kick, a court heard yesterday. The rysmeriinahyals LIS
baby, whose :(:pfa(h;l;ienicsnmjjrdﬂ. (- [ death, not accident, court told - = Critical Questions Conclusion A
was examined by pathologist Dr James [CJempty node Expertise Question: H dible i t
Grieve shortly after his death. Dr. Dlempty node et o
N 5 L pty Is E an expert in the field that the B is in?

Grieves told the high court at forfar the = Dlempty node O B
lyoungest was covered in bruises and Dlempty node Does E assertions imply B?
had suffered a crushed intestine as well Py 3 Is E reliable as source?
as severe internal bleeding. When [dempty node E Does B consistent with the assertions of otf =
asked by advocate depute mark stewart, [Clempty node Backup Evidence Question: are there any e
prosecuting, if the bruises could have = JRA-Node = Premises
[been caused by an acident, he said Olempty node Source E is an expertin the subject domain

no. notin a child that is not walking, not Oempty node 3 E asserts that proposition B in domain Xis

toddling and has not been in a motor

car." dr. grieve said .lhc in'juries had g ) £ &
Fig. 24. The analysis window containing part of the stude=tysis.
FOR EACH NODE, THE SYSTEM WILL RECORD Toltal Advice E3
THE FIRST ANALYSIS RATIO FOR EACH NODE, NG e
T H E N C AL C U L ATE AN D R EC O R D T H E WH O L E H:ﬂ En:l:ssmg words are: Saddam, reign, brutality, glossed, by, one, truth:, Iraq, possessed, no, wmd,

ARGUMENT ANALYSIS RATIO FOR THAT AR- N
GUMENT THEN FOR EACH ASSESSMENT THE ,T‘:E::\Bi:ssingwnrdsare:deplwed.,They,discoveved,,

Correct analysis

SYSTEM WILL RECORD THE CORRECTNESS Warng type

ded:
RATIO TILL IT COMES TO BE MORE THAN (o
OR EQUAL TO 90% IDENTICAL TO THE PRE- N
EXISTING ANALYSIS. THEN THE SYSTEM WILL
ASK THE USER TO GO TO THE EVALUATION
PHASE.

Systems> wow, you achieving well, it is better to Fig. 25. The resulting report.

accept the challenge and go to the evaluation phase.

Users> OK, and then press the tab evaluation. Users starts to analyze without any help till press
check analysis.

Systems> loads a context to be analyzed by the user; Systems compares each node of the user’s analy-

however the system shows a context that has not beensis with the expert analysis and deduces a report for

accessed before by the user. the wrong nodes, and records this analysis for future
progress report.
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Fig. 26. System working mechanism.
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