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This paper proposes an intelligent nitoring sy stem lor teaching mail for the students
i the prep schools. The sysien was oot desigiied trom seraich, but it was developed
by madifying a cectain witoring systen ealicd the imlelligent iloring system lor elecitic
cireuit exercising. The system containg a set of modules. The concentralion here will be
an the sludent model and 1he students bups diagnosis. The student model includes all
the aspects of the siwdents bebavior and knowlalge that have repereussions for his
performance and learning The system points ow the students bues. Also, it deterntines
the lurgs reasoning (how and why the bugs occurred) The bugs diagnosis is done by
using hypothesis generation and hypothesis veritying wodules The system employs the
artificial wielligence concepls and methods o monitoring the studlents performance,
Iracking errors and oilering probicm  solving advises. Also, the system evaluates the

studenls  quantitatively and qualitatively The sysien was implemenzed an the 1DM/PC
using the prolog language loe the il donmn,
1. Introductinn

The modified intelligent tuloring system (MITS) conlains more than ene compouent
for making diifl ang practice i the math domain. The malu components are: the
problem generation module, tie expert module, the student answer  checking, the
student model, and pthers. Figure 1 shows the MITS architecture
In MITS, a menu is presented (o the student for chiyosing the question type and the
operation, The problem gencraling muodule generales Lhe queston then, (he swdent
answers the question. [1] MITS recetves (e swident answer and interprets it. The
student answer checking module checks the {oral, the type, and the range of the
siulent  answer. Then Lhe student answer and the correct sysiem answer (generated by
e expert inodule) will be received by the student mode! 10 be compared. 1F the (wo
answers  are  matched, his means that the studenl answe: s correct Then the
evaluation module bepins its worle, I ihe lwo answers are nismatclied Lhis means that
there isa certain bug in the siident answer 1n this case the dingnosis module beging
its work and powmts out the bug, how aml why the bugs aecurred. In all cases, the
evaluation motlule inaintaing a student profile (o stoving Wie student performance, sueh
as the right answers, the wrong answers, the nuimiber of trials, Lhe bugs types, and ail
the student responses. The conceniriion in this wark will be on the student mindel
specilically (he dingnosis process. The diapnosis process 1s the proeess of [orming and
updgating the student model by amalyzing daln made available 1o the systein. The
tiagnosis process usually requires search, whetlice the sysicin is trying o reconsiiuct 3
goal structure 1o interpret the student behiavior. In general, the diagnosis processis a
hard artsfieiat intelligence problem which involves the formulation and evatuntion of

compeling hypathesis The organization of thiz paper will be as follows: seclion 2.
Ageepledt ebiisuy, 16, 1997
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presents the student model and the proposed algorithm for the diagnosis process.
Section 3 presents the studem evaluaiion, while section 4 presents Lhe conclusion
remarks followed by a set of references.

Student choice

Probiem Student Answer
~
Problem Generatio
Module Expert Module SEJI_?:C% :]&;swer
Rules Lo
Rulesto Rules 10
gegglrutes solve check
proviem problems _ the answer
matching
Comparison ‘
mismatching

Bugs rules
and huriste Diagnosis Module
rules

Evaluation Module 183:2?1?:[

STUDENT MODEL

Figure 1: The modified intelligent tutoring system (MITS) architecture.

2. The student model for the modified intelligent tutoring svstem

The student model maintains the siudent performance. The student model contains
two main modules. the diagnosis module and the evaluation modulef2,3]. The
diagnosis module points out the student errors. Also. it classiiles the errar type and its
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reasoning. The diagnosis process is done by supporting the student model by
hypothesis generation and verification medules as shown in the following sections

The impl-mented algorithm for the diagnosis process mnodule

The diagnosis provess begins - comparing the expert answer and the srudent
answer. The format, iype. and ran. : of the student answer will he checked by the
student answer checking. On the ou zr hand, the comparison process covers different
questions types such as True/Fal ¢ questions, Multiole choice questions, Essay
questions, and others. The 'set’ in Math was selected as a workload. [4] Figure 2 shows
the selected different operalions can be done on the sets. Some of the questions types
exist in the Math subject are as follows.

Q! Mark T for true sentences or ¥ {or false semences for 1he following,
2e{2,7,9]

12,59} C {4,7.9]

Q2. Assume X= {2}, Y ={5711,13}, Z={57.11,13.9}
Write the number of elements in each of the following;
X~ Y)
nXw Z)

X wYowld)

Sct operanons

N )

Intersection Difference

Vg

The commutative property Complement

of intersection

The associative property De_Morgar’s Law

of intersection

. Number of elements n a set
Union
The commutative propenty Distribution ot union
of union over inlersecuon

The associative property | |Distribution of intersection
of union OVer urion

Figure 2: The set operations
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Q3. Assume X={3,5}, Y=(572,11},Z=(51711,13)}

Write the number of elements in each of the following;

1. X wi{Ywi)

2. X w(YnZ)
The comparison process differs according to the guestion type. W r.t the first question
type (True/False questions), the comparison will be done between characters. W.r.1 the
third questions type, the comparison will be done berween 1wo sets (the expert answer
and the student answer). In this case the comparison will be done as follows: compare
the number of elements of the two sets. If the two answers did not match, this means
that the two sets are not equal. If they are matched, then compare the elements values
of the lwo sels. If the elements values of Lhe two sets did not match, this means Lhat
the (wo sets are not equal; but if they matched this means equality of the 1wo sets. The
svstem Lransfers contro! to the evaluation module if the two answers matched. If the
two answers mismatched, the system is going to check ihe studenl answer w rt the
domain bugs. In this case, there are two types of bugs: rcpeating elements bugs and
strange elements bugs. [Fthe student answer contains repeating elements, this means;
the student has misunderstanding of the main coneepts. Also the student answer r=
be checked to kmow if there is an elemeni(s} in his answer not exist in the sysiem
answer If the student answer conlains a domain Jug, the svstem gives the student an
advice. Also, the student will be givee another chance for answerinu Lhe question. If
the student answer is still wrong, the system determines Lae student buws reasoning,
The reasoning of bugs can be determuned by using two modules. The nypothesis
generating module, and the hypothesis verifying module. The hypothesis generauing
module generates many possible bugs. The bups generation depends on the question
nature. ie. there are two Lypes of questions operations: One operation questions, and
multiple operations questions. For the one operation questions {as an exampie), the
hyporthesis generation module generares the bugs as shown in figure 3.

Conflict Special General
rules mal_rules mal niles

Figure 5. Bugs used by the hypothesis generation module

[5,6] The hypothesis generating module accepts the eorrect rule number from the
expert module. Then it recognizes the confliet rules by using the database containing
the inleger numbers indieating the conflict rules assoeiated with eaeh rule. 1L chooses
one of these eonflict rules and knows if it can give the wrong answer or not by using
heurstic rules. Tf yes, it passes the conflict rule to the verification module. Tf not, it
chooses another one and repeats the last. The verification module knows if the
hypothesis rule gives a matching answer or not. Matching means the hypothesis is
correct {the generated bug is the actual bug). On the other hand, mismatching means .
the hypothesis is incorrect. The hypothesis generating module will generate other
hypothesis and all the last are repeated. If all the available conflict rules are finished
without maiching, the hypothesis generation module generates another bugs type
called the special mal rules. Choosing of one of the special mal__rules will be selected
for the given correct rule and then it will be checked by using domain dependent
heuristic rules to know if it can give the student answer or not. If yes, the verification
module knows if the hypothesis rule gives a matched answer or not, while matching
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between the Lwo answers means the hypothesis is correct. IF il the special mal_rules
are finished without maiching, the hyporhesis generation module generares another
lype of bugs called the generzl mal_rule. The hypothesis generating module chooses
one of the general mal_rule which affects the final answer, checks it by using the
domain denendent heuristic rujes. This is necessary to know if this can give the student
answer or not. The venfication ‘.~ lule knows if this hypothess gives 2 matched
answer with the stuaer ansver or nu1' 7,8]. If all possible hypothesis bugs are finished
without matching with the studen anmswer, the system explains the operation
concerned with that rule and gives tt = cormect answer. For the procedure questions,
the hypothesis generauon module ge: crates the bugs in the sequence shown in figure
4. The sequence of bugs generation is . expression expansion bugs, wrong order bugs,
and missing operation bugs.

g:g;ift}gg wrong order missing operation
| bugs bugs bugs

Figure 4. The bugs generation for procedure questions

The expression eqansion bugs in figure 4 means; if the expression has expansion, the
hvpothesis moduie penerates some of the general expressons. Ex.  for expression
(XUY), the right answer is X Y. Ome of the famous wreng exparsion is XY
without changing ihe operator. So, the hvpotbesis module penerates thar bug by
chanming the operator. Also, the smudest smywer may comtam mistakes due to the
wrong order evaiuaticn, The hypothesis cenerarmg moduic can recognize that mistake
by comparing the studem answet with the common bugs due to the wrong order. Also
the sudent mistakes may be dene due to "massing operation”. The folkowing example
illustrazes that concept.
X={1236}, Y={257} Z={131L7}
List the elements of the expression X w (Y ~ Z).
The smdent answer is {7}. The disgnosis process begins by comparing the student
answer {7} with the expert answer {1,2.3.6.7) The two answers are not marched, so
the student answer has 2 tug In this case the hypothesis moduie recogmzes the
reasoning of the srudenmt bug The sysem proposes thar the student answer may be
obtained by evatuating the expression (X w Y}~ Z. In 10§ case, the answer is {1,3,7}
which i5 pot marched with the student amcwer. The hypothess module ignoces that
possibility (wrong order bug). It proposes another tug, e the studem answer is
obtained by evaluatmg (Y ~ Z) withour kg X md the wron opsration mte
consideration  In this case the system answier 35 {7} which 1s marched with the suadent
answer ie the error octumed dues to massng opsmanon. So, the diagnosis process
sends a Teessage to the smidert "Seary, incorrect answer" The diagnosis process
confirms that conoept throwgh a dialogue betwoen the system and the studemt as
folbows:
System: X = {1,2,3,6}, Y={257}, Z={13,117}
List the clements of the expression X L (Y ~ Z),
Studest : (7) .
Sysvem - Serry, Please answer the follovwing questions

N={lL236) Y={2357 Z={1511.7
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Xu(¥Ymdy
" Which operation will applied first ?"
"1- union 2- intersection”
student .2

System : " correct answer"
System - " Y Z="
Student: {2, 7}
System : Wrong answer, because 2 1s not a common ¢lement. The right
answer is {7}
System: X (Y nZ)
{1,236} w {7} =
Student  {1,2,3,6,7}
System * "Bravo, correct answer, "
The system uses always the decomposition concept for the long questions. Figure 3
shows the global flow chart for the diagnosis process.

3. The student profile and the evaluation module

In the modified intefligent tutoring svatemn (MITS), the s;udent enters the answer of
the displayed questions. Then MITS is song 1o cheek th.: correctness of the student
answer. [t recognizes the student bugs, the bugs location, and the bugs reasoning in the
incorrect answers. This is done by Lhe evaluation process[9.10]. In fact, MITS
maintains two types of evaluation:. the qualitaive evaluation and the quaotitative
evaluation. The quantitative evaluation (i.e. grading or scoring) is based on the number
of correct answers w.r.t. the tolal number of asswers. On the other hand, the
qualitative evaluation concentrates on the different types of the operations used, and
the understanding level of each operation. MITS begins to ask the student abourt his
name, so the system knows if the swdent is au old student or a new one. MITS
creates a student profile if the student 15 new and opens the old profile if the student is
not riew,
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Expert final
answer

. 83

Student Answer
checking

e_~._

Student answer

gtve the student

another
Student final ka4
answer

Exit
N matched
companson/ 3

No

Found Yeg

give
advice

Not found

comrect rule(s) no. with
correct sequance

Hypothesis generating from expert module

module
L ‘ bugs knowledge base
(mal, conflict nules,
Expert Veryifying and hunstic rules)
Module module

not matched

student
answer ||

comparison

arguments value
from Question

multiple

question type

Generation Module

matched

explain operation
and give the
correct answer

Student
multiple rule profile K
question type ﬁ
Y
Yes Evaluation
Module
Decompose the question

to one operation questions
and ask the student to answer

each one separetly
R

Figure 5: Diagnosis module structure.
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The student profile contains & set of arguments such as the question 1ype, the operator
used, and the answer type. On the other hand, the dispiayed questions are classified
into groups. The student profile is updated after answering any question. The
evaluation process is based onthe information stored in the student profile. For the
quantitative evaluation, the evaluation process coumis {for each question type) the
number of correct answers and the number of wrong answers. Also, it calculates the
student score. Score = number of correct answers/ number of asked questions. W r.t.
the qualitative evaluation, the evaluation module keeps track of the student response
status for each operator. It momtors the student answer for each operator in all
questions. ie. lhe evaluation module monitors the student progress level Lhrough the
student performance.

By using the student profile, MITS controls the types of displayed questions. Also
MITS can switch from the questioning mode to the explanation mode Lo redisplay the
weak point concepts Lo the student. MITS also gives a full report of the student
performance supported by grapnics. Figure ¢ shows the undersianding level oi'tl.e
intersection operation {in sets) exist in different seven questions. The figure shows a
good performance for a real student toward the corrsct way.

pertcrmance ol the

Answer ype . ,
Swer typ Inter;ection operator

Right T

Wrong

T 1T 1T T T 1T 7 T 1

123456787910
occurance

Figure 6 Student progress for intersection operation

Finally, MITS provides the student profile to the student indicating his pcrformance.
i.e. the weak points, the rate of grasping, and the number of iterations for each answer
will be displayed. MITS gives 2 full report about the misunderstanding concepts and
the understanding concepts to the student, Also, MITS presents advises to the student
according to his understanding and grasping level.

4, Conclusions

The modified inteligent tutoring system (MITS) structure was presented. The
concentration was cn the diagnosis process, which was done on the IBM/PC using
prolog language for math domain (sets). MITS presents a large number of random
questicns by the problem generation module. MITS receives the student answer,
analyzes it, and compares it with the correct system answer generated by the expert
module. The proposed diagnosis algorithm can point out Lhe student bugs. Also, it
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recogmzes the bugs location and the bugs reasoning. The student bugs may take place
due 1o misundersianding in the domain concepts. i.e. (he student may use some rules in
a conttict way Also, the student hugs may take piace due to mistakes in expressions
expansion The swudent may apply # ceram rule before the ciber rules in a wrong way
{(1e wron . order bugs ). Also. rthe studert in some cases may forget handling some
rules {iassing operation bugs) "< aypolhesis generatuon and the venfving generation
activities 1 the digrmosis module an deteer and predicr all the previous student buys
by using a set ofmal_ruls Thosc nale_rules are confliet rules, special mal _rules, and
general mai_rules. The conilict :u 2s recognize the student contlict concepts. The
special mal_rules are hased on :i¢ math domain characierization (i.e. domain
dependent) while the generai mal niles are domain independent. MITS monitors the
student performance. Also, it evalsates the student progress quantitatively and
qualitatively  MITS uses 2 swdent mrofile to register all the student behavior. MITS
nresents a fill report indicating e siudent score, the nunber of wrong answers, the
number of correct answers, and the number of iterations for answenng each question.
MITS also recogmzes the student weak pomt concepts in the selected domawmn, and the
stuclent progress in each concept.
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