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INTELLIGENT TUTORING SYSTEMS FOR EDUCATION

ABSTRACT

Intelligent Tutoring Systems (ITS) provide the benefits néan-one instruction
using computers. ITSs can get up the performance of therstsidgercoming space,
time, socioeconomic and environmental restrictions, ating to lots of researchers.
In this sense, the progress of researches to developed fffeceve programs to test

and enhance the learning performance of students contiapeiy.

In this thesis, which aims to examine some characterisbpgties of ITSs, an
intelligent tutoring system for mathematics educationratargraduate and graduate
level, has been developed. The developed system, whichléelas MathITS, is
based on conceptual map modeling. Hence, the thesis fooasstsident modeling
of system principally. Knowledge representation in theteysis based on LaTeX
notation to represent the mathematical symbols and natetisily. The Mathematica

Kernel is used as an expert system in MathITS.

Keywords: Intelligent Tutoring Systems, Computer-Aided Instructi@onceptual
Map, Student Model, Mathematica, LaTeX.



INTELLIGENT TUTORING SYSTEMS FOR EDUCATION
Oz

Akilli ogretici sistemleri, bilgisayarlari kullanarak bireyséfjrenme &recinin
avantajlarini sunarlar. d&gu arastirmaciya ae akilli 6gretici sistemleri, zaman,
mekan, sosyo-ekonomik veweresel sinirlamalardan §ansiz olaralogrenci perfor-
manslarini arttirabilir. Bu ligamda 0grencilerindgrenme yeteneklerini arttirabilecek

yazilimlarin gelistirilebilmesi im arastirmalar hizla devam etmektedir.

Akilli ogretici sistemlerinin karakteristikzelliklerini incelemeyi amdayan bu
tezde, lisans ve iksek lisans dzeyinde matematik gtimi sajlayan bir akilli
Ogretici sistem gelistirilmistir. MathITS adi verilen lsistem temel olarak kavramsal
harita modelitizerine kurulmustur ve bundan dolay! tezde dabka@jrenci modeli
uzerine odaklaniimistir. Matematiksel sembollerin véasgonun kolaylikla ifade
edilebilmesi amaciyla bilgi @sterimi ian LaTeX simgelemi kullaniimistir. Sistem

icinde uzman sistem olarak Mathematidagightilmuostir.

Anahtar Sozdikler: Akilli Ogretici Sistemler, Bilgisayar DesteKiigretim, Kavram

Haritalari,Ogrenci Modeli, Mathematica, LaTeX.
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CHAPTER ONE
INTRODUCTION

1.1 Whatis Intelligent Tutoring?

Intelligent Tutoring Systems are computer systems dedidoesupport and im-
provement of learning and teaching process in the domaiwledlge. They aim at
adding computer aided instruction to traditional claserdeaching, one-to-one tu-
toring and individual learning. Computers have been usediut&tion since sixties
(Martin, 2001). Teachers and students use computers is@dicis of education such
as researching, preparing study plan and organizing lectotes, collecting grading
information and doing homework. At the present time, it ischi@ imagine a modern
education without computers. The use of computers can kefibet for teachers and

learners.

Molnar (1997, p.10) points out “Research shows that edutaltiechnology, when
properly applied, can provide an effective means for lesyhi With this viewpoint,
this study aims to research the relationships between ctargpand education, the
advantages of using computers in education and the pitfhllsing them. Hence, the
thesis focuses on the Intelligent Tutoring Systems, reteto as programmed learning

systems.

Murray (1998) describes the ITS such that “ITSs are comghased instructional
systems that have separate databases, or knowledge b@asestriuctional content
(specifying what to teach) and teaching strategies (spagifhow to teach) and at-
tempt to use inferences about a student’s mastery of topidgriamically adapt in-

struction.” (Karlgren, 2005).
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The definition given by Katie Hafner is that “Broadly defined, iatelligent tu-
toring system is educational software containing an aifiatelligence component.
The software tracks students’ work, tailoring feedback himls along the way. By
collecting information on a particular student’s performoe, the software can make
inferences about strengths and weaknesses, and can sagdiésnal work.” (Hafner,

2000).

An ITS can be used to enable the students work independémtigyprove their
understanding of concepts within related domain, and te fagress of problem
solving ability for each of them. On the other hand, an ITS lbarable to assist not

only their student users but also the teachers in devela@dgnanaging courses.

Intelligence involves mental capabilities such as the geisg ability, planing,
solving problems, thinking abstractly, comprehendingagjeand learning. Also it
is related to creativity, personality, or character of teespn according to psychology.
On the other hand, mathematics is as a nightmare for lotaudests. The students
doubt their creativity, talent, and motivation when studymathematics. This is un-
avoidable. In this sense, the tutoring systems must haveatbebility of real teachers,
and it must act an human tutor in a class. ITS can rise up teeteféness of teaching
mathematics in a class. For that reason, the Intelligerdring System is one of the
subjects of Al. All the studies about intelligent tutors gltbbe evolved depending on

this thought.

In the 1970s, taking advantages of computer technologgarebers were look-
ing for new educational paradigms, which provide the improents in learning and
problem solving. Thus, the combination of artificial intgéince, cognitive science and
advanced technologies could be improved and Intelligentf@men-Aided Instruction

(ICAI) came on the scene with this approach (Molnar, 1997).

Although Intelligent Tutoring Systems began withomputer-Aided Instruc-

tion(CAl), they differs from them. Firstly, the interface, in CAls, aisvays static
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for each student and the information presented to each désts is exactly the same

for all the time.

ITSs use the knowledge for pedagogical process so that ghemsyry to determine
what the student knows or does not know. Contrary to ITSs, CAl® lassumptions
about what the student knows. Therefore, the same curncigypresented to students
in CAls, even though the preceding knowledge is necessitg fiudent. This is the

another difference between CAls and ITSs.

The other difference between them is the feedback systemme &Als have the
capability of asking questions to students. However thelldaek system of them
is restricted to indication of whether the student answes e@rect or wrong, only.
ITSs try to determine the students weaknesses on a topig te@rdomain and student
model (see Chapter 2). They make the performance analysipranitle detailed
feedback to each students. It is important that the studeedsito know why the

answer is wrong.

1.2 State of Arts

The theory of Intelligent Tutoring Systems began to evorteef Computer-Aided
Instruction, in the early 1970s. In particular, with the wpoint of mathematical
education, specially undergraduate and graduate eduocdhere is no significant
theory of ITS. Although ITS theory began within the Artifitiatelligence (Al), the
researches avoided to study in this area at the beginning. midin reasons of this
avoiding are the lack of knowledge about mental models,Uagg understanding and
knowledge representation (Self, 1990). With the perspedi mathematical manner,

the lack of symbolic computations can be added with thisaess

Chronologically, some Intelligent Tutoring Systems, whiwve been developed

so far, is summarized in the following.
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SCHOLAR Carbonell, Collins et al. (1969), was the earliest ITS andas we-
signed to teach South American geography. Its principahgedical strategy is the
use of Socratic dialog in tutoring. It permits both studeantd tutor to ask questions.
Then SCHOLAR poses questions to students and during theecofithe dialog, it

attempts to diagnose students’ misconceptions.

WHY, Collins, Stevens et al. (1977), is an extension to reseandh® nature of
tutorial dialogs done in SCHOLAR and uses Socratic dialoghieféort to teach learn-
ers the ability generalize from experience. It try to exaarine effects of student’s

misconceptions.

BUGGY, Suppes (1981), was designed to help instructors to igeatitierlying
misconceptions in student math problems. The tutor prese@mples of incorrect
math problems (buggy solutions). The systems then perhetsstructor to generate
their own problems for the system to solve in the incorreatineg. From this interac-

tion, instructors attempt to understand the nature of aquaar student misconception.

SOPHIE (SOPHisticated Instructional Environment), Brown, Burébml. (1982),
is an electronic circuit debugging tutor. The system haswadge of expert problem-
solving strategies and a rule base to analyze and critiquiest attempts at solutions.
Given a computer simulation of a faulty piece of equipmetudents must locate

faults by taking appropriate measurements.

WEST Brown (1982), WEST uses coaching as its pedagogical apprabaty
nosing student’s misconceptions as they play a game ehtittdow the West Was
Won,” a computer-simulated board game for drill and pra&cticbasic mathematics.
WEST critiques students’ decisions as they play, offeringgestions and comments

to improve their performance.
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GUIDON, Clancey (1983), is an expert instructional program buitiruthe earlier
medical diagnostic program, MYCIN. GUIDON uses a mixed atitie dialog strategy

in order to diagnose diseases.

LISP Tutor Anderson et al. (1984), teaches the programming languEgfe lsing
a theory of learning called ACT*. ACT* is a general theory of odggpn developed
by John Anderson that focuses on memory processes. ACTHfigsmirocedural and
declarative knowledge as part of its definition of expertopemn-solving model. The
system functions on the basis of a comparison of studenoimeaince to this model
of expert performance using the "model-tracing paradigsege Sectiol.5.1) where
the system responds to the students’ divergences from gegtgxoblem-solving path
with hints directed toward guiding the student back ontqodud. The LISP Tutor was
the first in a series of tutors developed according to thecppies of ACT*. Since the
early 1980's, other ACT* tutors have been developed, incigdiascal, Algebra, and

Geometry.

MAIS Tennyson, Park (1987), The Minnesota Adaptive Instruc8Bgstem (MAIS)
was developed according to the systems approach to instmattesign. The MAIS
adapts the rate at which students encounter topics usingesBan(predictive) statis-
tical model of student progress through the curriculum. diffeculty level of lessons
is adjusted according to a prediction of student perforradvased on a history of

performance.

The following systems have been developed since 1996F, Thepchai, S., In-
aba, A., Mitsuru, I., Toyoda, J., Mizoguchi, T., Opportumissroup Formation - re-
searchers explored using intelligent agents as individasistants in a collaborative
learning environment. Agents assisted participants intifleng team goals as differ-
entiated from personal goals by providing communicatiomlguoce to team process.

Results not formally studied.
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MethodMan Crampe , Software Project Management. Explored useratedr
adaptation versus system-controlled adaptation. Exatation with user-driven
adaptivity proved that user-driven learning is limited bytwe of the learner’'s own

lack of visibility into what their course of learning shousé.

ILEX, Cox, R., O'Donnell, M., Oberlander, J., Intelligent Labegligxplorer - Intel-
ligent hypertext online museum repository exploration.deshers contrasted subject
exploration patterns in two modalities: with intelligeystem guidance, and without

guidance. No significant learning differences noted in canmg these.

ISIS Meyer, T., Miller, T., Steuck, K., Kretschmer, M., Insttian in Scientific
Inquiry Skills - simulation-based cognitive tutoring sgist to teach junior and se-
nior high school students scientific inquiry skills in bigioand ecology. System
used progressively difficult Skill Instructional ModuleSIis). Two-years of quasi-
experimental design study of effectiveness show that ISt8adre effective than tradi-

tional classroom instruction.

PACT, Aleven, V., Koedinger, K. R., Cross, K., Geometry instructizased on
Andersonian ACT-R theory of instruction. Researchers ingatdd value of explana-
tion requirement in student geometry problem-solving asgared with simple right-
answer approach. Results showed that students providisgmedor their solutions
showed a better understanding of geometry principles amel better at applying their

knowledge when given new problems.

1.3 Architecture

A general architecture of an intelligent tutoring systenreékated to 4 different
components. The major components of an ITS as simply depiot€igure 1.1 are

simply defined in the following.
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e Domain and Expert Module: Simply, it represents the domammetence of

the ITS, that is the ability to solve problems within the dama

e Student Module: This module contains the diagnostic coemuet of the ITS
and generates the student model with all information abbat ihdividual

learner.

e Pedagogical Module: Also it is known as Tutor Module. It ispensible for
the instructional competence and provides implementaddifferent tutoring

strategies.

e Communication Module : It implements the human-computesriace of the

ITS.

Expert Module

Student

- j e |
} Communication ITS I
| Module |

|
' |
| Tutor Student | |
| | Module Module | |
| |
' |
} |
| |

Figure 1.1 Classic ITS architecture (system border in
dotted lines) (Devedzic & Harrer, 2005).

1.4 Domain Knowledge and Expert Module

Domain knowledge embedded in the system represents anexpewledge and
problem solving ability. An expert system aims to providgest like solutions to
problems in a specific domain. It often deal with uncertaithimeomplete information

and should be able to explain its decisions and underlyiaga®ing as human experts
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are capable of doing. Figure 1.2 shown below illustratesgla expert system archi-

tecture.

________________________________________

1
:
Lzer  e—— | Userinterface | rference engine | spe— | Frovtedoe baze
1
1
1
1
1

Figure 1.2 A simple architecture of an expert system

There are three modules within an expert system. Theseausén interface which
provides communication between the user and the systemsé&dwand module is the
inference engine which is an interpreter for the knowledageeb It produces results
and explanations for problems presented to it. The inferearggine and the user
interface are commonly viewed as a single component knowtheagxpert system
shell. The knowledge base contains the problem solving lediye of a particular
application. The knowledge enables the ITS to compare themég’s actions and
selections with those of an expert in order to evaluate wiauser does and doesn’t
know. The knowledge base itself is isolated from the expgstesn shell to allow

reuse of the shell in other application domains.

1.5 Student Module

The Student Modeling Component is a critical component of E®, Isince the
student has the central role in teaching process. Self j188@ressed the critical

necessities of student model.

The student model is simply about the theory of student belav The student
model evaluates each learner’s performance to determserhier knowledge, per-
ceptual abilities, and reasoning skills. It provides thfeimation such that what the

student knows or does not know, any misconceptions, theestisddegree of forget-
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fulness and the facility of comprehension and accommodati@dvices given by the
system. Briefly, the student model determines model the stisdmental state. Harp
et al. (1995) pointed out that the student model must usertigrigal student data,
however most of student has handicapped in this sense asalshalent models do not
sufficiently parameterized the student responses (see Barpad, & Villano, 1995).
There are several paradigm for student modeling, which gedlyo summarized in

following.

1.5.1 Model Tracing and Bug libraries

This approach compares students action against an ideadguce. Model tracing
assumes that all of the student’s significant mental staéemvailable to the diagnostic
program (Amgic, Stankov, & Rodi, 2002). The basic idea is to use an undetermined
interpreter for modelling problem solving. At each stepiialgem solving, the under-
determined interpreter may suggest a whole set of rules eppéed next, whereas
a deterministic interpreter can suggest only a single riilee diagnostic algorithm
activates all these suggested rules, obtaining a set oipp@sext states. One of these
states should correspond to the state generated by thenstlithe name model tracing
comes from the fact that the diagnostic program merely srdlbe (undetermined)
execution of the model and compares it to the student’sigctimput information for

this algorithm is:

e expert knowledge and student’s task
e set of productions

e student’s answer that we want to trace

Output information is:

e True or false depending on whereas the student’s answereasttaced.
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¢ If the student’s answer has been traced, output informatian array of chained
production. If algorithm has not succeeded in finding anyaafaproduction
that could generate student’s answer, we say that the gstsi@gswer is not

interpreted.

There are some productions that help us find wrong studeméiwexs, that is, we
make those answers understandable to the system. Thesgy"hugductions are
used to make student’s answer meaningful even though ardgtodede a few wrong
steps. The system generates feedback that informs stubleut kis actions. There

are two types of feedback:

e “buggy” feedback

¢ hints or help.

Every “buggy” rule generates message about mistake thabdws made as a feed-
back. Hints or help are given on student’s demand or whenytsters estimates that
student needs them. Then the system generates an arraydotpoms that represent
a cognitive step a student should make to get himself to negtia problem solving

process. That array of productions generates an array tf thiat the system offers to

student. Figure 1.3 shows how model-tracing paradigm works

For instance, the production rules for question as seergur€il.4 can be follow-
ing.
Two correct production rules: IF goal is to find an angle in an isosceles triangle

ABC and AC = AB and angle A is known THEN set the value of angle B.to

IF goal is to find an angle in a triangle ABC and angles A and B amw, THEN
set the value of C to 180-A-B.



Student selects next action to perform
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M) Stdent selects new action to perform

Hint

A ction
¥

&

Get smdent answer

¥

Is this answer correct?

—  Give postive feedback

MNo

k4

Give implicit negative feedback

k4

Is there buggy feedback available for
this specific error tvpe?

[YYYY

Display buggy message

Mo

¥

If student ask for a hint, is there a hint
message avaliable?

E— Drsplay next hint

No

k d

Do nothing

Figure 1.3 The general architecture for model tracing A@iStankov, & Rogi, 2002)
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E Angle A ia 5.
Whatis angle C7
A o

Figure 1.4 The question for computing the size
of an angle

Buggy production rule: IF goal is to find an angle in an isosceles triangle ABC
and angle A and C are at the bottom of the triangle and anglekAos/n THEN set

the value of angle C to A.

Model tracing tries to dynamically simulate student’s peob solving process and
uses that simulation for interpretation of student’s baétav This diagnostic tech-
nigue bases itself on previously given catalogue of pradost Tracing starts after
each student action and is being used for supervising stddeng his problem solv-
ing process. Model tracing is based on a idea of analyzirdgsticognitive process by

reconstructing, step by step, process of making conclagianng a problem solving.

1.5.2 Overlay Model

According to this model, the student’s knowledge is seensagaet of an expert’s
knowledge. Therefore, this model assumes that the studénbdiearn anything that
the expert does not know. Figure 1.5 shows the general stauof this paradigm.

The stud erits The expearts

krwledge krowledge
beefio e tukoring

The students
krwledge
aftertuoring

Figure 1.5 A representation of an overlay student model
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The overlay model is more applicable when the subject maitbe learnt can be
represented as a prerequisite hierarchy. In the preréghigirarchy, the subject has a
number of concepts and for each concept there are a set efjpisites. The overlay
model indicates how far the student has progressed in aeguhie subject knowl-
edge with respect to that of the expert. However, if the vidéwhe tutor (expert) is
different from that of the student then the overlay model matybe useful. GUIDON

introduced by Clancey (1983) uses the Overlay Student Model.

1.5.3 Constraint-based Modelling

This student modelling method describes only informatitages pedagogically,
rather than following the procedure the student used teeaati their answer. The idea
was introduced by Ohlsson in 1992 (Martin, 2001). The orgjithe Constraint-based
Modelling(CBM) is based on learning from performance err@siginally, Ohlsson
viewed CBM as an approach to developing short-term studenetsodowever, Ohls-

son did not give the details about how it can be implemented.

In CBM, domain knowledge represented by a set of constraintsortraint is a
pattern of form< Cr,Cs >. It means that if a solution matches the then it must
also match the’'s, else something is wrong. For example, If the current prolke
% + 2 and the solution of the studentgg;t—c), then it had better be the case that
n==b=

d.

The constraint set forms a detailed model of the domain, kvpartitions the so-
lution space into one of three sets: for any given problem stodent solution, a
constraint may be relevant and satisfied, relevant but riatfisal, and not relevant
(satisfied or not). The first set indicates a correct solutvh respect to the current
constraint; the second represents an incorrect solutierthird group tells us nothing
about the solution at all. Therefore, to correct a wrongtsmhuwith respect to a given
constraint, we have two choices: either satisfy the comsfrar render it irrelevant

(Martin & Mitrovic, 2001). According to CBM, there is no need fan expert module.
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154 Bayesian Net Modelling

Bayesian networks, or belief networks, are graphical kndgderepresentations

that handle uncertainty through a probabilistic formal{gai-min Chang, 2006).

A Bayesian network is a graphical knowledge representatiomhich each node
of the network represents a random variable. The topologh@fgraph takes into
account the dependencies between variables. More prgcesd@ayesian network
(BN) is a directed cyclic graph whose nodes are in a one-toeormespondence with
n random variablesk,, ..., z; such that wheré%(x;) is the set of parents of; in
the graph. In fact the structure of the graph is the trarslatof the relations of
conditional dependencies between the variables. Oncedtweork is defined, that
is to say, the all its structure and probability tables arekm it is possible to proceed
to different kinds of inferences. The evidence propagatiomsists in the calculation
of the posterior probabilities knowing the values of somealdes. It is an update of
the probabilities, and the most used inference in BNs foresttuchodeling. For that
reason, the difficulties in applying Bayesian modeling aeetigh cost in knowledge

acquisition and in the time to update the student model (§Hani, & Chen, 2001).

The Andes physics tutoring system has a student modeleuslestBayesian net-

works (Vanlehn, 2001).

1.6 Pedagogical Module

Pedagogical module make decisions related to the seladtappropriate learning
units, learning methods, curriculum sequencing and questiJeremic & Devedzic,
2004). During such processes, the Pedagogical module coroates with the student
model in order to get relevant information. According to Id&sign, this module can

generate the problems dynamically.
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1.7 Organization of Thesis

This study is about the Atrtificial Intelligence in Education this work, which
is aimed to collect the works abolrttelligent Tutoring Systemsvhich are called
ITSs shortly. Additionally, an application of ITSs on matietics education has been
developed to demonstration of conceptual map modellingafityy 2003, Rehani &

Sasikumar, 2003). The following steps were taken:

In Chapter I, briefly, ITSs are introduced and the applicaaosa of them have
been given. The differences between Computer-Aided Insbng and ITSs were

examined. Also, the available ITSs have been summarized.

Chapter Il describes Intelligent Tutoring System, devetbpathin this thesis,
called by MathITS and the conceptual map modelling paradigmstudent modelling

used in MathITS, were also introduced.

Chapter Il deals with the manual of the MathITS applicationrhathematics ed-
ucation. It presents that how an expert prepares lectussaotd questions and how a

student uses the MathITS.

Chapter IV summaries the concluding remarks on intelligetdrs and the future

works about them.



CHAPTER TWO

MATHITS : AN INTELLIGENT TUTOR FOR
MATHEMATICS EDUCATION

2.1 Architecture of MathITS

MathITS is an Intelligent Tutoring System for mathematidsi@tion which em-
ploys the conceptual map modeling technique (Hwang, 2008).a student-centrad
system which supports interactive learning. In Figure thé&,general architecture of

MathITS is given.

Teacher User Interface , Wolfram |
O for NETLink | MathKemel Library
= Experts
é //,—-——\
5 Lecture Notes and
E Questions in ~
= T o Texify Enowledagebase
EE (Lgaming Units,
Sucens User Interface Questions and
for Students ITS Solutions)
Lecmre Notes and \‘———’/
Questions in PDF
forrmat

Figure 2.1 The general architecture for MathITS

MathITS has been developed as a Windows application andeimmgatted with
Visual Studio .NET v.2005. The system requirements are \&ngn Table A.1 in

Appendix One.
16
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As seen in Figure 2.1, the system has two types of users. ldggngo the system
through the administration module. Administration modeitecks and gets the user
information from the database. If user exists, then thesuass directed to an user

interface according to their user types.

The expert users access the user interface shown in FiglireEgpert users can
write small lecture units, examples and questions. If aregxygant to write question,
he/she can use the Mathematica expression. Then the systentes the Mathemat-
ica Kernel by usingNET/Linkcomponent and evaluates the mathematical expression.

The output is the MathKernel can be see in two different form:

e solution of the expression

e LaTeX notation of expression

2.2 Knowledge representation in MathITS

In addition, MathITS consists of a knowledge representatigstem. Because,
knowledge representation systems have strengths unalegitanormal database sys-
tems. They allow a complex structural representation ofdd#u@. This allows in-
ferencing and complex query evaluation to be performed. hinfteld of artificial
intelligence, problem solving can be simplified by an appiaip choice of knowledge
representation. Knowledge representation in MathITSseta@n LaTeX. The general

structure of the knowledgebase and the database are akjidtegure B.1.

To illustration of the system, the domain was selected asl stegossible in the
thesis. The only one lecture unit has been added into thelkdgebase is "Calculat-
ing Area with Parametric Equations”, which its knowledgpresentation is as given
Appendix Two. The knowledgebase stores 24 different cascapseen in Appendix

Four and a sample test, involves totally 11 questions, i&/sho Appendix Three.
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The original TeX(Tau epsilon Chi) system built by Donald KmufeX is a com-
puter language designed for use in typesetting; in pagictor typesetting math and
other technical material (The TeX Users Group TUG, 2006kohverts marked up
documents (TeX files) into a formatted DVI (Device Indepentdermat) file for view-
ing or conversion to another format. Although TeX is a reHlir low-level language,
it is expandable and common TeX actions can be combined iatoas. Thus, Tex
itself can be quite a challenge to use. The most succesdfulf sich macros is
called LaTeX, which designed by Leslie Lamport (The TeX Wseroup TUG, 2006).
Conversely MathITS uses LaTeX. In MathITS, all the knowledgeh as small lecture
units, questions, answers and hints is stored in LaTeX foraral the knowledge is

converted to PDF documents when necessary.

Originally LaTeX is not a word processor! MathITS have anrusgéerface to
connect LaTeX shell. This part of system acts as a graphioat £nd for LaTeX.
This is basically a text editor that communicates with th&@d>aprogram. It may also

highlight TeX keywords and provide other useful functions.

Also the user interface consists of an ActiveX componenicivis used for docu-
ment viewer. The all the knowledge is presented to studeitihisatPortable Document

Format(PDF) viewer.

The Mathematica kernel is basically an interpreter for trethdmatica program-
ming language. This language combines features from puvakdunctional, and

rule-based programming.

The MathITS has an interface to connect the Mathematicad{efrhis interface
supports that an expert can enter Mathematica commandseard/es the results
in text-based, graphics or LaTeX notation of the commandjuré 2.2 shows this

paradigm.
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Evaluate Mathematica Expressions .-._l_||:| l(J
Enter a Mathematica Expression... Graphics :
IPIot[Sin[x].{x,D.‘ID}] Evaluate I

Result;
-Graphics-

2 4 [ a8 KQ
TeX Form - e

“teot {Plot}Tisin ).\, 0,104]

Clear All Ok Cancel

Figure 2.2 Experts can evaluate the Mathematica expression

The Mathematica library incorporates the system'’s “exfpeoivledge”; it consists
of a large number of mathematical algorithms written in thatimatica language
and interpreted by the Mathematica kernel. The commumwicdietween the Math-
ITS’s user interface and Mathematica Kernel is supported\iT/Linkcomponent.
.NET/Linkintegrates Mathematica and Microsoft's .NET platfortidET/Linklets you
call .NET from Mathematica in a completely transparent vead allows you to use
and control the Mathematica kernel from a .NET progralET/LinkusesMathLink
the protocol, defined by Wolfram Research, for sending datecammands between
programs. Many of the concepts and techniqueNI&T/Linkprogramming are the

same as those for programming with #athLink C-language API (Wolfram, 2002).

2.3 Student Modelling in MathITS

In tutoring systems, students can learn new concepts andldtenships between

the previously learned and the new concepts. This knowléslgepresented as a
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conceptual map in MathITS. Hwang (2003) introduced the temt effect graphs”
where the subject materials can be viewed as a tree diagramprising chapters,
sections, sub-sections and key concepts to be learnedreF2g8 simply illustrates
the tree structure diagram for the number concept. Howdirerconcept maps can
be more complex structures, so it can not be representeccastiucture always.

Originally, they should be thought as directed graphs.

numbers
Integers Rational numbers Real numbers Complex numbers
; Prime Common Common Greatest
factors multiples : o 5
numbers nultiple divisor common divisor

Figure 2.3 Tree structure diagram for the number concept.

The conceptual map approach offers an overall cognitiom@fsubject contents.
With this approach,diagnosis process can be made easiyy/ stiident fails to learn
the concept “common divisor”, it is possible that the studakd not learn the concept
“factors”. Therefore the system suggest that the studest study the factor concept
again. For this reason, the ITS must contain the relatipssbetween concepts. To
do this,a conceptual map-based notation is proposed. Sagpat"; andC; are two
concepts and if the conceft is prerequisite for the concept; then a concept effect
relationshipC; — C} exists. Of course, a single concept may have multiple prereq
uisite concepts, and it can be a prerequisite concept fatipteitoncepts. Figure 2.4

illustrates the concept effect graph for the number concept

To construct the concept effect graph in MathITS, the ConEéptt Table(CET) is

used, which represents the relationships between the ptatoebe learned. Table 2.1
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| Positive Megative
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Rational | Trrational
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Imaginary ]

numbers |
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numbers

Figure 2.4 The concept effect graph for the number concept
(Hwang, 2003).

divisor

demonstrates how the CET is constructed. As seen in Tabld ZZET'(C;,C;) = 1
thenC; is the one of prerequisite concept for concéptand N P; represents the total

number of the prerequisite concepts €oy.

Table 2.1 An Example of the Concept Effect Table

¢, Cy Cy - Cj - Cy
C, |0 0 1 -~ 0 --- 0
C, |0 1 1 o --- 1
Cs; |0 0 O 1 .- 1
¢, |o o o --- 1 --- 1
c, |10 0 O 0 0
NP, O 1 2 2 3

Table 2.2 demonstrates the difficulty rates for each questidhe question diffi-
culty rates ¢ DRT') are calculated as the ratio of the total number of relatedepts
with a question {Vc) to total number of concepts). The mark of the questio, is

N¢; : . .
G, According to Table 2.2, the test contains 10 questionsrand

calculated ag0 x
different concepts. Thus, the QDRT value of the quesfigris QDRT'(5) = 3 and
n

the mark of this question is0 x 3 points. With this calculation, the difficulty of a
n
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question has a value in the range of inter@l10]. Suppose that a test contains
different question and different concepts. Then total mark for this test is caltada

in Formula 2.1.

iNCi

TotalMark = 10 x =2 (2.1)
n

Table 2.2 The Question Difficulty Rate Table (QDRT)
CQ 03 Nc

=
o

@
Q2
OF
Q4
Qs
Qs
Q7
Qs
Qo
Q1o

PrRroOoORrRrRORrRORD
OrRrRrRrORORrRPEFROOND
rroooor ooo

PRPORRFRLROOOLR
OORRFRPOOORPRE
PRPERPNMNNWRADMNOO®

Table 2.3 The Test Item Relationship Table (TIRT)

K

@1
Q@2
Qs
Q4
@s
Qs
Q7
Qs
o
Q1o
Sum(C})

PNOUIROOOANRD
COUINOOOWNO

BlPwoosronvouD
Rlohrvovowr oo
Blrrooocoouwooofr

[EY
n
H
N

Hwang (2003) also proposed the Test Item Relationship Tali#d( to calculate
the total strength of a concept as shown in Table 2.3. If astes¢t contains 10 ques-

tions on a learning unit/' I RT(Q);, C;) represents the intensity of the relationship
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between the questiof; and the concept’;. The intensity value is specified between
0 and 5 in MathITS. While 0 value indicates no relationship anidtensity value
represents the most strong relationship between the questd the concept. In Table

2.3,Sum/(C}) value presents the total strength of cona@pt

Briefly, the TIRT table is used to calculate the probabilitfaifing to answer for a
student. If a student fails to answer only the questianthe student will fail to answer
25% of questions related to the concéptand 50% of questions related to the concept
C,,. This probability is calculated as the ratioBf RT'(Q4, C;) to Sum/(C};) and the
ratio of 71 RT(Q4, C,,) to Sum(C,,). If the student fails to answer more than one
guestions, then the Formula 2.2 can be used to calculateyfadgtes for each concept.
Assume that vectoA represents the students answers for each of the questidns an
the test hasn questions. Ifi"" index of vectorA is 1 then the student answer the

question(); correctly, otherwiseA; = 0.

m

> (1—A) «TIRT(Q;,C})
P(C)) = = — , i=12....n (2.2)
Y TIRT(Q:,C))
=1

In Formula 2.2,P(C};) represents the probability of failing to answer for the ceptc
C;. Let vector(A) be A = (1,1,1,0,1,0,1,1,0,0), for m = 10 andTIRT is as
given Table 2.3. Then the student will fail to answer 50% oésfions related to the
concept’y, 28.5% of questions related to the conc€pi58.33% of questions related
to the concepUC;. According to the demonstration, it seen that the studeas ot
understand the concefpt,, because thé’(C,) = 1. For that reason, the system
advices to the student for studying the concepts relateaetadncept’,,. As seen in
Table 2.1, the system can easily determine the related ptsiasing Concept Effect

Table(CET). It suggest that the student should study theega€’,, C5 andC;.
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Table 2.4 The Student Learning Status related to a concept.
P(Cy) Learning Status
> 0.75and<=1 | Very poorly learned
> 0.50 and<= 0.75 | Less poorly learned
> 0.25 and<= 50 Learned
>=(0and<=0.25 | Very well learned

According the ratio of incorrect answer provided by a studetated to concept
C;, the student’s learning status of this concept is specifeeth dable 2.4. These
values are used in MathITS, however they are not certairdatdn The range is only
determined intuitively in this study. Our example showst tvhile the student has
learned the concedt; andC,, the concept’; is less poorly learned and the concept

C,, is very poorly learned by the student.

The CET, QDRT and TIRT tables in knowledgebase of MathITS Hseen con-

structed, so far, in Appendix Four.



CHAPTER THREE
USER GUIDE OF THE MATHITS

When a user runs the application, he/she will be directed togan Iform after
a splash screen depicted as in Figure 3.1. After the usessnnier/his username and
password, the Administration Module of MathITS checks theruname and password,
as seen in Figure 3.2. If the user gets an approval from Adination Module, the
next task of this module is determining the type of user. MeBhhas three different
user type, which are system administrator, student andhéead&ach of these users

have different roles. In the following, the scenario isaduced for each type of user.

Education & Training

MathiITS -
Instructor Module |

Copyright © Korhan GUNEL 2006

Figure 3.1 The Slapsh Screen

3.1 User Guide for Admin

The system administrator is the principal user for the sgstéhe admin manages
the login information and accessing grants of the userssh¢e¢an create an account

25
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x

LUser name

lkgunel

Password

=

Login | Cancel

Figure 3.2 Login Form of the system

for a new user and determine the user type. The authoritynabveng any user from
system is reserved by an admin. Figure 3.3 shows the usefaicgée when an admin

logs into the system. The admin can view all active users @bketon this interface.

e
User Name - I Userld | UserName | Type Name Surname password
13 1 Teacher Korhan Giinel D—
User Type - ITaa:har ;I 2 utotur Student Omit Totur e
8 admin Admin Korhan Ginel e
Name : |
Sumame : |
Password - |
Retype password : |
Add User Close

Figure 3.3 User Interface for an admin

3.2 User Guide for Teachers

The teachers has an essential role in MathITS and have ltdslofo do. Probably,
the most complex scenario within MathITS belongs to teaxchéfith this scenario, a

teacher is able to

. create a new book,

. add a chapter into a book,
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. Create concepts, which will be learnt to a student in a chhapte

. associate a concept with others. Thus, he/she can generate@pt map for a

chapter.
. add a section into a chapter of a book,
. Create a lesson in a section,
. Create a test question associated with a lesson
. use a Mathematica expression to solve and generate theestadithe question,
. associate a question with a lesson,

. connect a question with all the concepts in a chapter withigpeg the weights
of relation between the question and the concepts. Thubkdsfscify the dif-

ficulty level of a question.

When a teacher logs into the system, the Administration Modalls the Expert

Module Forni as shown in Figure 3.4.

The user interface for a teacher acts as a highlighted LaTixre However, the
users need not to know the LaTeX, because the user intedase friendly. When
a user wants to enter a LaTeX command into Text box in the farm,enough to
click related button on the Toolbars or to select the rela@dmand from thénsert

or Functionsmenus as shown in Figure 3.5 and Figure 3.6.

File Menucontains the basic file options for creating, opening, saaind printig
lecture notes and questions in LaTeX form as draft. In thiaumBlew Lecture Unit
command creates a new TeX file as a lecture unit. If user sefleist command, the

following text is written into the editor.
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£ MathITS - Instructor Module — =] x|
File Edit Insert Functons Tools Help
D HS @R L (s a@ e TS =

D 11 ﬁ:é@ #lalalis
i

' &4 ® % A ¥ E £ TII |begn end left right displaystyle
e o R T ] E £ n -] 1 * A H £ n

= . =
. Review & Comment £ Sign

Enter your notes or questions in LaTeX format...

\begin{lesson} Y © 60% - ® E (8 ‘
‘tile{ Area and Notation]
\maketitie ; 2
\begin{slide} E =
Suppose we have a non-negative function $f$ ofthe variable $x3, g
defined in some domain that includes the interval $[a, b]3 with 33 g
<bs.
If #f% is sufficiently well behaved, there is a well defined area ?
enclosed between the lines x=a%, $x = b3, 3y =08 and the curve 5
Sy = )%, g

&
That area is called the definite integral of $f dx$ between $x= 7
a% and $x = b8 (of course only forthose functions for which it (o
makes sense). 2

6 |
Itis usually written as r
33 g
\displaystyle{\int_{x=a} " {x=b}f{x)cx} )
3% luasg _

Area and Notation

If$c8 lies between $a% and 3b$ we obviously have i
33 5
‘\displaystyle{\int_{x=a] “fx=c}fixjdx \int_{x=c} fx=b}f(x)dx = E June 11, 2006
\int_{x=a]"[x=bf{x)dx] 8
58 an
In order to make this equation hold for arbitrary 3c8, we require _';I
thatwhen $b% is less than $a% the symbols above represent the L U#T swxitesin 4| | ¥
negative ofthe area indicated. 4 4 10ofd PRl Qe Ut

Previous View

Ready Total Line 57

Figure 3.4 The user interface for a teacher

\begin{lecture}
\title{ }
\author{ }
\date{ }
\maketitle
\begin{slide}
\end{slide}

\end{lecture}

Similarly, New Questiorcommand creates a new TeX file as a lecture unit. If user

selects this command, the following text is written into duktor.

\begin{question}

\begin{description}
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X MathITS - Instructor Module

Fle Edit Insert Functions Tools Help
W@ R L % 2@l
Sl sl Nl
o E AT & & A ¥ B 22 II |begn end left right displaystyle
O T S-S S SRR S S S S P SRV S

] IR+ R I+ S I T B 1

Enter your notes or questions in LaTeX format...
| "-,Delta|

Figure 3.5 Toolbars in MathITS

\item[\textbf{A)}]
item[\textbf{B)}]
item[\textbf{C)}]
item[\textbf{D)}]
item[\textbf{E)}]
\end{description}
\end{question}
\begin{hint}
\end{hint}
\begin{answer}
\end{answer}
\begin{solution}

\end{solution}

This commands are not standard LaTeX commands, and onlyedafiMathITS. All

the questions in MathITS are defined as multiple choicestmuss Opencommand
opens an existing TeX file.Savecommand saves the contents of editor in a TeX
file as a draft. Save Axcommand saves the the contents of editor under a different
name. Print command outputs the lecture units and questions in LaTeX4tioot

to a printer, directly. Print Previewcommand preview users printed content on the

computer screerkExit command ends the execution of the program.
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File Edit | Insert | Functions Tools Help

B 3 = Array {n xm) B I
Matrix (n % m)

bl TR H Table

E T A Tabular 2 I1 | be
Tabular®

& Bt £ |l X
Tabbing

Enter you Equation nLaTeX fi

Egnarray

Eqnarray™
Fant
Lists

Environments

* v v T

LaTeX

\begin{equation}\label{l}

\end{equation}

Figure 3.6 Menus in MathITS

Edit Menuallows users to manipulate text in the editor area. In thisumelndo
command reverses users most recent editing act®edocommand re-applies the
editing action that has most recently been reversed by tigo command.Cut com-
mand removes the selection and places it on the clipbdaogyycommand places a
copy of the selection on the clipboafgastecommand places the text or object on the
clipboard at the current cursor location in the edit8elect Allcommand selects all

text or objects in the editor.

Insert Menuprovides users to add standard LaTeX commands, such asatat
arrays, matrix, tables, into the editor. For Example if teerusselects th&able com-

mand from thdnsert Menu then the following text is inserted in to the editor.

\begin{table}

\centering

\caption{ *Nabel{ *}
\end{table}
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Functions Menuincludes some of standard mathematical functions such as
sin, cos, max, min, exp, log etc. When user selects one of the commands from this

menu, the LaTeX notation is inserted into the editor.

Tools Menuhelps experts to write and compute Mathematica expressigen
user select€reate Math Expressiocommands from this men&yvaluate Mathemat-
ica Expression Formshown in Figure 2.2, is opened. With this form, experts can
easily enter a Mathematica Expression into the textbox utheelabelEnter a Math-
ematica Expression.. After entering an expression, user clicks thealuatebutton
and the Mathematica Kernel solves the problem. The Mathealdernel is basically
an interpreter for the Mathematica programming languades leRnguage combines
features from procedural, functional, and rule-based qamoging (Wolfram, 2002).
The kernel uses the Mathematica Library, which incorpardite system’s “expert
knowledge”. It consists of a large humber of mathematiogdpathms written in the

Mathematica language.

For instance, when an expert wants to plot graphicsofunction, he/she writes
the command Plot[Sin[x], x, 0, 10]” into the textbox and then clicks thEvaluate
button. Then the Mathematica Kernel outputs the type of #dseilt in Result box
as “—Graphics—", the LaTeX notation into thdeX boxas “Plofsin(x), {x,0,10}]"
and plots the graphics iBraphics box Also, if an expert want to solv?[ ' sin xdz,
he/she writedntegrate[Sin[x], x, 0, Pi] as a Mathematica expression, t(r)len the kernel

output the results asand the LaTeX notation of the problem as

\int_ 0"{\pi } \sin (x) \
dx

kernel outputs a warning message into Messages boas depicted in Figure 3.7.

The warning messages are retrieved from the Mathematicaryib
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=T

Enter a Mathematica Expression... Graphics :
!Imegrate[Exp[x"Z]] Evaluate I
Result:

2

X
Integrate[E ]
TeX Form :
“text {Intearate}eftfe ™ "2} \nght]
Messages :
Integrate:argmu:

Integrate called with 1 argument: 2 or more arguments are expected.
Clear All Ok Cancel

Figure 3.7 Warning Messages for Mathematica Expressions

Most of the commands defined in menus are accessible as akébalion in the

Toolbars, and several of them have already assigned to keylshortcuts.

Although it is not a necessity to know the all the LaTeX comdshy the user, the
system has an help file about LaTeX commands. To view the He|gHe user must
select thd.aTeX2e Referen@@mmand from thélelpmenu. The help file contains all
standard LaTeX commands categorically, as seen in Fig8reTws, the expert can
easily add the small lecture units and questions to hisAatute notes in TeX format

in Figure 2.2.

Now we can start our scenario. When a teacher logs into therayat first time,
he/she must do the following step by step. He must create doeWw, by selecting
the “Add New Bookcommand from the Tools Menti. Then the following dialog

depicted, as Figure 3.9, will be visible in the center of sareAs seen, the system
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~Ioixi
H e & B

Hide Back  Prnt Options

Conterts |lr_1dex | Search | \edots 2l
Bl £3 Commands ]
g (2 Counters Produces a horizontal ellipsis
; g g:;:ﬂg:f:rences where the dots are raised to the
[£] Document Classes centre of the line.
& (] Layout
& (3 Environments ‘\ddots
& (] Footnotes
= (I3 Lengths : THC
0 [ teers Produces a diagonal ellipsis.
= [ Line & Page Breaking
& [ Making Paragraphs \frac{num}{den}
[£] Margin Notes
El {23 Math Formulae b Produces the fraction num divided
E‘I Subscripts & Superscrip by den.
[£] Math Symbols 2
@ Spacing in Math Mode
[E] Math Miscellany \ldots
[£] Modes
I &[] Page Styles I _I;I Produces an ellipsis. This .
4 b ¥ L .
L | of

Figure 3.8 The Help File for LaTeX Reference

lists see all the available books. Also the user can delgteofithese book listed in

table.
createnewane x
Available Books

bookid BookName Creator CreationDate

B N - I » 1 Caleulus legunel 12.04 2006
2 Introduction to Vector Analysis [kgunel 21.05.2006

Creator - | =l 3 Plgebra kgunel 11.06.2006

Creation Date - | 14.05 2008 =l

Add Book | Cancel |

Figure 3.9 Create New Book Dialog

The second step is to create a chapter within a book. For itnistae user must
select the Add New Chaptércommand from the Tools Ment. After the command
is selected, the dialog, which is shown in Figure 3.10, caalide to viewed by the
user. When the user selects a chapter from the combobox oielbg dcreen, all the

available chapters within the selected book are listed. riexe step is the specifying
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all the concepts which will be used during the chapters. feid@ull illustrates how
a concept can be added by a teacher. When a user select a bookBook Namé

combobox, all the chapters are listed, and in an analogons@nawhen a chapter is
selected all the available concepts are shown. Teacherdatesinine the necessity of

a concept by thinking the chapter objectives.

Add New Chapter = i x|
Book Name - ICaIcqus j Chapterld | Chapteriame ChapterDescription
» Functions
Chapter Name - I 2 Applications of Integration | This chapter examines the application area of integration.
D S 3 Integration
4 Differentiation
5 Differential Equations
& Limit
Z Cortunity
8 Series
Create Cancel
Figure 3.10 Add New Chapter Dialog
Add New Concept x|
The C Jefined in the Sel 1 Chapter
bound =
Select the book.. continuous functions
[Calculus =] definite integral
differentiation
domain of a function
Select the chapter
exponentials
I.—‘pplica{iuns of Integration ;‘
Integration by partial fractions
Enter a concept Integration by parts
[roment] Integrat?on by s_ubstitution_ o
Inte gration by trigonometric substitution
improper integrals
Insert the Concept | indefinite integral
interval
limit
Delete Selected Concept | logarithms
polynomial
trigonometric functions
| volume b
Close
parabola
parametric equations x|

Figure 3.11 Add New Concept Dialog

A bit more complex step is to create the concept map afteridgfall the concepts.

For this prupose user must select tikréate Concept Mdommand from the Tools
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Menu'. With this command, the teacher can connects the conceptsgether and
generate the concept map by specifying the relationshipgdes concepts. This is
the most important step of this scenario. As seen in Figur2, 3he user firstly selects
a chapter within a book. After that he/she must select a quneehich wants to
relate it to others from theSelect concep€ombobox. When it has been done, all
other concepts are listed in th&®élated Conceptkistbox. If the user relate one of
them with the selected concept, it is sufficient to check itr istance, when the
user select theCalculus Book and the Applications of Integratioh chapter, all
the concepts are listed in the combobox. Assume that, thewesat to relate the
“trigonometric functionsconcept with the other concept in the chapter, he/she can
click the checkedbox nearby the concept®Utind, functions, continuous functions,
domain of a function, interval Actually, a student must know all these concepts to
solve the questions related to concepigbnometric functions The teacher must
relate the concepts with this manner. After the teacherchete the related concepts,
he/she clicks the Generate Concept Mé&gbutton. Then the system associates the

concepts.

Eoeseconceptrap =T
Please select the related concepts...
The related concepts can be thought as the concepts should be
known by & student to solve a guestion related to the selected
concept...

Select the book... {For example, the student must know the concept "area" to
ICaIcqus _:.I solve the question related the concept "integral”)
[w] bound =
[wl continuous functions
Select the chapter [ definite integral
I}‘pplications of Integration _:J [ differentiation
[wl domain of a function
[[] exponentials
Select a concept ] functions
Itrigonometnc: functions _Ll [ Integration by partial fractions

[ Integration by parts
[ Integration by substitution
[ Integration by trigonometric substitution
[] improper integrals
[ indefinite integral
Py
[ limmit
[ logarthms
[] polynomials
[ volume T
o | [] parabola
[[] parametric equations LI

Generate Concept Map |

Figure 3.12 Generating concept map
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As such in the case of adding a new chapter, the teacher caasaldion within a
chapter. The process is completely the same. To createiarsdeacher must select

the “Add Sectiohcommand from the Tools Mend.

At the next step, user adds a lesson into the section. To doegshe must select
the “Add Lessohcommand from the Tools Menti. However, the lecture notes must
be written as a small lecture units, and the lecture must ldewiin LaTeX notation.
The teacher can get a help fromlathematica Kernehs stated before. If user wants
to preview his/her lecture notes, it is enough to click RDF Viewet button on the
“ToolboX. Finally, to add the written notes into the MathITS, it mbs&t selected the
“Add Lessomommand from Tools Men(. After that a “Select Dialog Bokis viewed

as in Figure 3.13 and the user selects the section, so thigsten can added.

x

Pleasze =elect a book ...

ICaIcqus ﬂ

Please select a chapter___

I.ﬁpplicatinns of Integration ﬂ

Please select a =ection__.

IThe Area Under a Curve j

Please select an author...

IKorhan Ganel LI

Enter the lesson subject ..
ICaIcuIating Area Using| Parametric Equations

0K I Cancel

Figure 3.13 Select Dialog Form

The final step is the adding questions related to a lessonssodiating the question
with concepts. To do this, user must select thieWw Questiohcommand from the
“File Menuand fill the blanks with LaTeX code. After that, he/she mus¢cethe

‘Add Questiohcommand from the Tools Ment. All the process is the same as
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adding lesson into the system. After related lesson is teeldoom the ‘Select Dialog
BoX', the message “Your question has been added to system. Nemgepspecify the
relationship between your question and the concepts!'visrgas a feedback to user.

When the userOK’ button, the “Test Item Relationship Table(TIRT)” form isemped

as seen in Figure 3.14.

Test Item Relationship Table-.. i - ol x|

Please select the weights for each concepts for your question.
The weights represents the relation between your question and the concepts defined in the selected chapter.

The weights value can be in the interval [0, 5] as an integer.
When 1 value represents a weak relation, 5 value represents the most strong relation between your question and the concept.
Also, 0 value represents there is no relation.

Concept Id Concept Weights =
2 bound 3 =
3 continuous functions 0 ﬂ
5 definite integral 5 ﬂ
6 differentiation 0 ﬂ
7 domain of a function 0 ﬂ |
8 exponentials 0 hd
» 5 functions [
10 Integration by partial fractions 0 ﬂ
11 Integration by parts 4 ﬂ
12 Integration by substitution 0 ﬂ
13 Integration by tigonometric substitution | 0 > A

Figure 3.14 Test Item Relationship Table

With the form as depicted in Figure 3.14, user specify thati@hships between
the added question and the concepts defined in the chaptereldtion between the
guestion and a concept is determined by a weight value. Thghtgevalue can be in
the interval|0, 5] as an integer. Whereas 1 value represents a weak relatiofyé va
represents the most strong relation between your questioriree concept. Also, 0
value represents there is no relation. After the user assgjghts values for each
concept and then clickOK’ Button, the difficulty rate of the question is calculated by

the system as seen in Figure 3.15. Thus, the all jobs havedmgenby the teacher.
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¥ Test item Relationship Table— =0l
Please select the weights for each concepts for your question.
The weights represents the relation between your question and the concepts defined in the selected chapter,

The weights value can be in the interval [0, 5] as an integer,
‘When 1 value represents a weak relation, 5 value represents the most strong relation between your question and the concept.
M=o, 0 value represents there is no relation,

Concept Id Concept Weights 1=
2 bound 1 =
3 continuous functions ] _VJ
5 definite integral 5 hd
s - x
7 den Difficulty rate of your question have been calculated as 0,173913 T
8 Expi
4 9 func
10 It - —
I = 11 Integration by parts 4 ;J
12 Integration by substitution 0 _VJ
13 Integration by tigonometric substitution | 0 > x>

Figure 3.15 Calculating question difficulty rate

3.3 User Guide for Students

Although the student users is the central of the system cessio is so simple for
students. The student selects a lesson to study and taksts ¥teen a user logs into
the system as a student, the Administration Module calls $tedent Module Fortn
as shown in Figure 3.16. All the chapters of the selected Ipdeded in knowledge-
base are listed, when the form is loaded. If user selectsehi@om the listbox, then
all the sections related to the selected chapter, are kstddhe description of chapter
is summarized. Similarly, if the user selects a section fthenlistbox, the lectures
in the knowledgebase of the selected section are added tistihax and the section

description is given.

Finally, when student selects a lecture form the list, thenauthor of the lecture
is written. This is the one of the advantage of using MathiB&cause student can
simply select to study one of the same lecture unit writterdifferent authors. If
he/she select one of the lesson from the listbox, therStag Lessorbutton is acti-

vated. AfterStart Lessorbutton is clicked, then the system gets the related lecture
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Student Form (=1
Select Book - I(:a'CL"'-'s ﬂ
Select Chapter. .. Select Section... Select Lesson...
|Fundi0ns The Area Under a Curve Area and Notation
Surface Area Precise Definition and Riemann Sums
Integration Volume Always Integrable Functions
Differentiation Mon Integrable Functions
Differential Equations Special Riemann Sums
Limit Integration Over Curves in the Complex Plane
Contunity Integration Over Curves in Euclidean Space
Series Hrea Integrals

Surface Integrals
Volume Integrals
Area with Parametric Equations

Description : Description : Author -
;] The area between the curve defined by a ;I Ikgunel
positive function f and the x &ds between two
specific values of y is called the definite integral
of f between those values. Starting with the fact
that the ares of a rectangle is the product of its
side lengths, we can give & formal definition of

the area under a general curve. The method of Start Lesson |
doing this used is generalized to define a wide

vanety of integrals that do not describe area,

These include integration on a path in the Exit |
complex plane, along & path in any Euclidean

space, over an area in the plans, over a suface
in three dimensional space and over volume. ﬂ

K

Figure 3.16 The user interface for a student

unit from the knowledgebase in LaTeX notation and compihesrtotes with LaTeX.
Consequently, a pdf file is generated and then loaded into darewcalled bySample

Lessoras shown in Figure 3.17.

On theSample Lessoform, there is a button, which is used to generate a multiple
choices question test related to the selected lesson. Whsrtlicked, totally 10
guestions are randomly selected from the knowledgebase, teere are more than
10 questions related to the selected lesson. Thus, eveeydidifferent test can be

generated. The selected questions are asked to studeryostiewn in Figure 3.18.
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At the same time, the student can take a hint or get the sol@itioeach ques-
tions, after answering. At the time to clickeHiht” button, the PDF file dynamically

changed and the related hint is added to the end of questaepased in Figure 3.19.

If student selects the one of the choices and then clicksttierb“Check answeéy
then the Expert Module checks whether the answer is correcbo If the student
fails to answer, then the Expert Module suggests the studesgte the solution of the
guestion. If the student wants to check out the solutionPD€ File is automatically

changed and the solution is added at the end of the questgseasn Figure 3.20.

When student completes the test, his/her performance islatdd by the Math-
ITS as introduced in Chapter 2. The related Concept EffecteT@DET), Test Item
Relationship Table (TIRT) and Question Difficulty Rates Tahl&athITS are given
Appendix Four. The feedback given to the student is the legrpercent of related

concepts of the test. The output of the system can be seeguneF3.21

Therefore, MathITS determines the students weaknessesrmets using con-
ceptual map modelling. Also, the system advices to the studestudy the misunder-

stood concepts determined by the Concept Effect Table.



%smm =EEe nmEFIuw aa:

Area with Parametric Equations
Karhan Giinel

10.04.2006

I_' B

Dl Al b b0 0 || L
Start Test Close |

oDoli.. | &) sesisoa.. | (33 Wind... | 8 vap2.4...[ - 2 cob..o|

Figure 3.17 Sample Lesson Form
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Question : Caonsider the region R bounded
by 4y =sine, y =0, x =0 and x =«. Find
the volume generated when R rotated about
y=—-2.

A)
B) 9724 8x

C) 2r° 4 8r

g
D) §w2+87r

=]
E) 5‘:1'—4-8#2
Answer the Qu

~Select Your

A B € CDCE

Figure 3.18 Randomly selected test question
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Question : Find the area between the curves
y=a2and y =84 6z — o=,

A)
B)
<)
D) &
E) 6r

Hint :There Is no hint for this question

Answer the Question
I

—
SEA LB OIE TR CTE

el

Figure 3.19 Hint for a test question
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Question :
Conslder the reglon R bounded by y = sine,
y =0 2=0and - = . Find the volume

generated when R rotated about y = —2. Solution @ The volume V' is glven by,

W= fﬂ(smz+2)2dr
= DW(Siﬂ2z+4SlnI+4)dz

1 m
= §p [—(.z —sinzcosz) —4cosz + 41-]
a

Tl=r+2+4r
= g7||:§+87r ]

Answer the Question

[~ Select Your Answer
SACBCCCDCE

Difficulty Rate - 0,83

) o) o
B

Figure 3.20 Solution of a test question



Student Status Report for the Selected Lesson...

=181 x]

Your grade is 23,3333333333333%
Y'ou are failing on this test Please read the recommendation carefully.

our failing answer probability is 0.833333333333333 for the concept bound
The concept bound is very poorly leamed

"You should leam the concept(s)
our failing answer probability is 0.866666666666667 for the concept definite integral
The concept definite integral is very poorly leamed

"You should leam the concept(s)
our failing answer probability is 1for the concept Integration by pars
The concept Integration by paris is very poorly learned

"You should leam the concept(s)
"our failing answer probability is 0.727272727272727 for the concept frigonometric functions
The conceptirigonometric functions is less poorly learned

"our failing answer probability is 0.5 for the concept volume
The conceptis learmed

"our failing answer probability is 0.75 for the concept rotating
The conceptrotating is less poorly learned

"You should leam the concept(s)
our failing answer probability is 0.727272727272727 for the concept interval
The conceptinterval is less poorly leamed

"You should leam the concept(s)
Your failing answer probability is 1 for the concept surface
The concept surface is very poorly leamed

"You should leam the concept(s)
"our failing answer probability is 1for the concept parabola
The concept parabola is very poorly leamed

"You should leam the concept(s)
"our failing answer probability is 1for the concept parametric equations
The concept parametric equations is very poorly leared

"You should leam the concept(s)

"Y'ou should leam the concepl{s} tigonometric functions, igonomedric functions, frigonometric functions, trigonometric functions, tigonometric functions,

Figure 3.21 The feedback providing to student after a test
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CHAPTER FOUR
CONCLUSIONS

4.1 Concluding Remarks

ITSs are designed to individualise the educational expee®f students according

to their level of knowledge and skill.

Comparing with classroom teaching, Intelligent Tutoringsteyns supports the
progress to students performance additionally (Bloom 198dderson, Corbett,

Koedinger and Pelletier 1995).

Developing an intelligent tutoring system clearly needsdosider various factors,
such as domain, knowledge representation, measuringrgtpeldormance, preparing
lecture notes and feasible tests. They have high develaprosts. With this manner,

this thesis focuses only a small parts of the system.

In this thesis, we proposed an intelligent tutoring systemniathematics educa-
tion, which uses conceptual map modelling as a student nivoglglaradigm. The
knowledge representation used in the system is based onXLadttion to write,
easily, the mathematical expressions such as sum, integgralFrom viewpoint of
an expert user, Mathematica Kernel is used as an experinsystgth Mathematica
Kernel, an expert can easily write questions, solve themha/ghe simply adds to the

system in LaTeX representation.

To illustration of the system, the domain was selected asl stmgossible in the
thesis. The only one lecture unit has been added into thelkdgebase is "Calculat-
ing Area with Parametric Equations”, which its knowledgpresentation is as given

Appendix Two. The knowledgebase stores 24 different cascpseen in Appendix
46
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Four and a sample test, involves totally 11 questions, isvaha Appendix Three.
Also the related CET, QDRT and TIRT tables in knowledgebadéaihI TS are given

in Appendix Four.

Based on the proposed model, MathITS system is implementadhwhan identify

poorly-learned and well-learned concepts for individuatients.

4.2 Future Work

The researches of ITSs have only produced hopes and sonutypex, however
these prototypes have failed to prove the usefulness ineasadenvironment (Kin-
shuk, 2002). Thus, some questions arise: “How can ITSs beqowerful tools in
the hands of teachers?”, “Could it be possible to replace teitichers and ITSs?”,
“Does intelligent tutoring have future?” or “What are theute works for progressing

ITS?”.

With the current methodology of developing ITS, it is seeat titne prototypes of
ITS have been developed independently and tutoring espentere hard-coded into

individual applications, so far.

It is necessity to developed reusable components, sucheastublent model, tu-
toring model, and user interface. A standard language foresenting knowledge
and a set of tools to manipulate the knowledge must be gekr&ventually, these
systems must be developed as general-purpose softwagesioch as word proces-
sors and spreadsheets. In this way, they can be indepemdanttie domain. With
the viewpoint of mathematics education at graduate lev¥&, should be capable of

proving theorems.

Finally the system should support Natural Language Praug®¢LP) and Speech
Recognition issues. Thus, the computer acts as a real teaotet provides more

effective one-to-one learning for each of students.
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APPENDIX ONE
SYSTEM REQUIREMENTS

Table A.1 System Requirements for MathITS

| Component

Required

| Recommended \

Operating System

Microsoft WindowsRr) 98 Sec-
ond Edition, Windows 2000
Windows Millennium Edition,
Windows XP Home Edition, or
Windows XP Professional

Windows XP Home Edition of
Windows XP Professional

Processor A 233 megahertz (MHz) proces- A 500 MHz processor or faster
sor, such as an Intel Pentium
Il or Advanced Micro Devices
(AMD) processor

RAM 64 MB 256 MB

Free harddisk space| 100 MB Approximately 300 MB to use

System Restore

Optical Drive

CD or DVD drive

CD-R or CD-RW drive

Video adapter and
monitor

Super VGA (800 x 600) of
higher resolution

Same as minimum configurd
tion

Software

Adobe Acrobat Reader v6.(
Version 1.1 of the .NET Frame
work, LaTeX distribution pack-
age as MikTeX

,Same as minimum configurd
- tion
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APPENDIX TWO
THE STRUCTURE OF KNOWLEDGEBASE

Figure B.1 The structure of knowledgebase and database thil V&

51



APPENDIX THREE

SAMPLE LECTURE UNIT, SAMPLE QUESTIONS IN
MATHITS

C.1 Sample Lecture Unit

\begin{lesson}

\title{Area with Parametric Equations}
\author{Korhan G\u nel}
\date{10.04.2006}

\maketitle

\begin{slide}

In this section we will find a formula for determining the are
under a parametric curve given by the parametric equations,
\textcolor[rgb]{0.00,0.50,1.00{$$

\begin{array}{I}

x=f(t)\\

y=g(H\\

\end{array}

$$}

We will also need to further add in the assumption that the cur
is traced out exactly once as t increases from
\textcolor[rgb]{0.00,0.50,1.00}{$\alpha$} to
\textcolor[rgb]{0.00,0.50,1.00}{$\betas$}.

52
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We will do this in much the same way that we found the first

derivative in the previous section. We will first recall how to
find the area under \textcolor[rgh]{0.00,0.50,1.00{$y= F(x)$} on
\textcolor[rgb]{0.00,0.50,1.00K$a\leq x \leq b$}.

\textcolor[rgb]{1.00,0.50,0.50{$$

\displaystyle{A=\int_{a} {b}F(x)dx}

$$}

We will now think of the parametric equation
\textcolor[rgb]{0.00,0.50,1.00{$x=f(t)$} as a substit ution in the

integral. We will also assume that

\textcolor[rgb]{0.00,0.50,1.00{$a=f(\alpha)$} \quad and \quad
\textcolor[rgb]{0.00,0.50,1.00}{$b=f(\beta)$} for the purposes of
this formula. There is actually no reason to assume that this will

always be the case and so we will give a corresponding formula

later if it is the opposite case \quad
(\textcolor[rgb]{0.00,0.50,1.00K{$b=f(\alpha)$} \qua d and \quad
\textcolor[rgb]{0.00,0.50,1.00}{$a=f(\beta)$}).

So, if this is going to be a substitution we will need,
\textcolor[rgb]{1.00,0.50,0.501{$$ dx=f(t)dt
$$}

Plugging this into the area formula above and making sure to
change the limits to their corresponding $t$ values gives us
\textcolor[rgb]{1.00,0.50,0.50}{$$

\displaystyle{A=\int_{\alpha} {\beta}F(f(t))f'(t)dt }
$$}
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Since we do not know what \textcolor[rgb]{0.00,0.50,1.00} {$F(x)$}

is we will use the fact that \textcolor[rgb]{1.00,0.50,0.5 0H{$$

y=F(x)=F(f(1)=9(t)

$$}

and we arrive at the formula that we want.

\textcolor[rgb]{1.00,0.50,0.50{$$

\displaystyle{A=\int_{\alpha} {\beta}g(t)f'(t)dt}

$$}

\end{slide}

\end{lesson}

C.2

Q:

Q:

Qs

Qs

Qs :

Qs :

Sample Questions

: Determine the area under the parametric curve given byolleving paramet-

ric equations.

x=6(0—sinf),y = 6(1 — cosh), 0<6<2m.

: Find the area between the curves- 22 andy = 2z + 3.

. Find the area of the region bounded verticallyjpy 2? andy = x + 2 and

bounded horizontally by = —1 andx = 3.
Find the area between the curves: 22 andy = 8 + 6x — z2.

. : . 1
Find the area of the surface obtained by rotating the cyr#ez(62w + e

with0 < 2z < 1.

Just set up the integral for the surface obtained by raathe curve
1 . .
y = Z(G% + e~ ) with 0 < = < 1 around the y-axis.

: Determine the surface area of the solid obtained by ra@ajin= /9 — 22,

—2 < z < 2 about the x-axis.
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Qs : Consider the regio®® bounded by = sinx, y = 0, x = 0 andx = 7. Find

the volume generated whetrotated about x-axis.

Qo : Consider the regio® bounded byy = sinz, y = 0, x = 0 andz = «. Find

the volume generated whetirotated about y-axis.

Q10: Consider the regio® bounded by = sinz, y = 0, z = 0 andz = 7. Find

the volume generated whétrotated abouy = —2.

Q11 : Consider the regio® bounded byy = sinxz, y = 0, z = 0 andx = 7. Find

the volume generated whetirotated about: = 2.



APPENDIX FOUR

SAMPLE CONCEPTS AND QDRT, CET, TIRT IN
MATHITS

Table D.1 Some Concepts Defined in MathITS

Id  Concept Id  Concept

C, area Ci3 interval

Cy  bound Cis  limit

C3  continuous functions C15 logarithms

Cy definite integral Ci¢ polynomials

Cs differentiation C17 indefinite integral

Cs domain of a function C1s improper integrals
C; exponentials Ch9 trigonometric functions
Cg  functions Cy volume

Cy Integration by partial fractions Cy parabola

Cho Integration by parts (s, parametric equations
C1;  Integration by substitution Csys surface

C12 Integration by trigonometric substitutionC,; rotating
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Table D.2 The Question Difficulty Rate Table for the SamplstTe MathITS

024 ‘ Nc

02 C13 C(4 05 06 C(7 08 C(9 Cl 0 C(1 1 Cl 2 Cl 3 C(1 4 Cl 5 Cl 6 Cl 7 Cl 8 Cl 9 C(20 C’2 1 02 2 C(23

Gy

<STLOWOMOOOMMNIDNIDNS
OO OO vt~ ~~t~~t~t+—~+

OCO0OO0OO0OHHAHAOOOO

o
Q2
Qs
Q4
Qs
Qs
Q7
Qs
Qo
Q10
Qu
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Table D.3 The Concept Effect Table in MathITS

CZ CB C4 CS CS C’T CS CQ Cl() Cvl 1 C'12 013 Cl4 C'15 016 C'17 C‘18 019 C'20 CZ 1 C122 C'23 C’24

Gy

0

23

15 10 10 8 20

2

Cis

Cao
Co1
Ca
Cas
Cay

NP;
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Table D.4 Test Item Relationship Table(TIRT) costructeMathITS

Co, C3 Cp Cs Cg Cpr Cg Cy Cip Cii Cip2 Ciz Cuu Cis5 Cig Cir Cig Cig Cy Cop Ch Coz Oy

Cy

35

28

20 10

24

22

12

40

5
5
5
5
5
5
5
0
0
0
0
35

Q1
Q2
Qs
Q4
Qs
Qs
Q7
Qs
Qo
Q10
Qu

Sum(C})
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