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AN INTELLIGENT TUTORING SYSTEM FOR MINIMAX ALGORITHM

A.Anohina

Intelligent tutoring system, Minimax algorithm

1. Introduction

Nowadays knowledge acquisition plays a very important role because of the rapid growth of
modern technologies that require new knowledge and skills. People choose computer-based
learning, when they need knowledge, but do not have time to visit some educational
institution. Learning via computer has trend to be more effective, if learning software
demonstrates some intelligent capabilities as human-tcacher does it. These capabilities
include the presentation of tasks and learning materials corresponding to the learner’s current
state of knowledge, allowing climinating learner’s misconceptions and helping to evolve his/
her state of mind, the explanation of the same concept by means of different words, the
adaptation of the structure and the pace of the learning process to the psychological and
cognitive needs of a learner, and ctc. The research in this area led to the appearance of
intelligent tutoring systems. Intelligent tutoring systems are computer software that is based
on artificial intelligence techniques and simulates a human-teacher. Such systems like a
human-teacher store and manipulate knowledge about domain, teaching strategies, and
learner, and carry out learning process grounded on some learning theory. Research has been
making in the field of intelligent tutoring systems for last three decades and during this time a
variety of intelligent tutoring systems has been implemented for different areas and
disciplines.

The development of an intelligent tutoring system is the application of theoretical results
get by the author during her work on PhD. thesis at the Riga Technical University, The
mtelligent tutoring system is intended for the course “Foundations of artificial intelligence”.
The subject of artificial intelligence is not simple for understanding by itself. Furthermore,
lectures on this subject at the Riga Technical University arc given for the group, where
individual attention to a learner cannot be given. As course consists of many topics and the
department has not big experience in the development of intelligent tutoring systems, only
one topic included in the exam on artificial intelligence was chosen for the implementation of
the prototype. This topic is the Minimax algorithm.

The remainder of this paper is organized as follows. Section 2 presents some related work
in the field of the development of intelligent tutoring systems. The main parts of architecture
of an intelligent tutoring system, their relations and purposes are introduced in Section 3.
Section 4 describes the Minimax algorithm in details, as well as some concepts about the
implementation of two-player games arc discussed. Section 5 presents some ideas about the
architecture of the intelligent tutoring system for Minimax algorithm. Finally, Section 6 draws
some conclusions and presents some directions for future work related to the further
development of the system.
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2. Related work

While developing the intelligent tutoring system for Minimax algorithm, many existent
intelligent tutoring systems have been studied. Such systems have been developed for
different arcas and disciplines. Andes [1] is an intelligent tutoring system for classical
Newtonian physics. Passive voice tutor {2] is an intelligent multimedia tutoring system for the
passive voice of the English grammar,

Many systems have been developed for the area of medicine. Some cxamples are
CIRCSIM-Tutor {3], which is a natural language dialogue based interactive intelligent
tutoring system for the domain of cardiovascular physiology, or Ines [4], which is an agent-
based intelligent tutoring system for the task of the nurse training or Web based intelligent
tutoring system in dermatopathology [5].

The field of the computer science also has not been forgotten. ADIS system [6] is intended
to help with teaching ol data structures. The “Java™ Intelligent Tutoring System” (JITS) [7]
provides help for students in their first programming course in Java™ at the College and
University level. WADIES [8] is Web- and agent-based adaptive intelligent educational
system for tcaching compilers, but SQL-Tutor [9] is a computer based teaching system that
has been developed to help the learners in learning of structured query language.

Regardless such rich varicty of intelligent tutoring systems only onc system related to the
field of artificial intelligence was found during the investigation. This system has becn
developed at the Department of Artificial Intelligence of Kyushu Institute of Technology of
Japan [10] and its main purpose is to help students to learn search algorithms- one of the basic
topics of the course of artificial intelligence- through cexercises. The developers’ main idea
was not only to tcach the characteristics of the search algorithms. but also provide deep
understanding of cach step of algorithms und its meanings. For this purposc three views are
available to students: the data structure view showing the algorithm-operated data, the future
view demonstrating the algorithm’s characteristics and the problem view presenting the
problem under solving. Using these views students can understand the meaning of data
operations and the relationship between the problem constraints and the execution process of
the algorithm.

3. The architecture of intelligent tutoring system

The field of intclligent wtoring systems has been rescarching over 30 years. During this time
the main parts of the architecture of such systems have been defined.

As the basic kinds of knowledge stored in an intelligent tutoring system are domain
knowledge, knowledge about teaching strategies, and knowledge about learner the principal
components of the system’s architecture are the expert module, the tutoring module, and the
student diagnosis module accordingly. These modules are referred to as "Traditional Trinity"
of intelligent tutoring systems in {11].

The student diagnosis module carries out the student diagnosis process that operates on the
student model, allowing identifying the student’s current understanding of the subject. The
student modcel serves as a basis for tailoring the learning process to the needs of the learner. It
contains mformation about the current state of knowledge of a particular learner, that is, what
he/she has learned, what mistakes he/she has done, what misconceptions he/she has, and ctc.,
as well as this model additionally can store information about learner’s psychological features
and his/her past experience.
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The tutoring module holds teaching strategies and instructions needed to implement the
learning process. This module can also be referred as curriculum and instruction module [11,
[2] or the pedagogical module |5, 13].

The expert module stores the knowledge the system is teaching. It represents skills and
expertisc that an expert in a particular domain has and serves as standard for evaluating the
student’s performance. Some systems have the domain knowledge {2] or the domain model
[4] instead of the expert module. However. these two components are distinguished in [13].

The intensive communication takes place between a learner and an intelligent tutoring
system. The module controlling these interactions is called communication module [13] or
user interface [2, 6] and it comprises one more part of the architecture,

The system’s working cycle is organized as follows. The system selects or generates some
problem or some task appropriated to the learncr. For this purpose it uses the student model
assessing what the student alrecady knows and the teaching strategy provided by the tutoring
module. When the system has received the student solution, it performs a diagnosis
comparing the student’s solution and the one gencrated by the expert module or prepared in
advance. Basing on the diagnosis results the tutoring module provides some feedback and the
system updates the student model. After that the working cycle is repeated.

All abovementioned components arc only the basic parts of intelligent tutoring systems.
Each system can have additional constituents that are required by peculiarity of certain area
and technology used for the implementation of a system.

The general architecture of an intelligent tutoring system and the interaction between its
components are shown in Figure 1.

INTELLIGENT TUTORING SYSTEM

Basic components
=
N = , . . .
‘\/} 2 Tutoring Student diagnosis
= -
/E =T module - g module
\B —p S
A g Expert
= module
=
\ :
@)
y
A
Learner
Additional components

Figure 1. The general architecture of an intelligent tutoring system
4. The Minimax algorithm
Researchers 1n the field of artificial intelligence have tried to make a computer an opponent of

equal value in two-player games since the {irst chess programs were introduced in 1950. Two
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players that have alternate moves until the game ends characterize two-player games. One
kind of such games is a game of perfect information, in which all relevant information about
current state of a game is available to the opponents. Noughts-and-crosses, checkers. chess.
game of go are examples of two-player games of perfect information.

For the purposc of the computer-based implementation of two-player games a game is
represented by a game tree, which consists of nodes and arcs. The nodes correspond to the
discrete states of a game, for example, the positions of the figures on the board. The arcs
represent the legal moves from one state to another. One of the nodes is a root node. It reflects
the initial state of the game. Some of the nodes represent terminal states. where the game is
over. The structure of a game tree is limited by two rules:

e arcs between nodes on the same level are not allowed, and
* only arcs between a node at higher level and a node at the nearest lower level are
allowed.

The players in a game are referred as the maximiser (Max) and the minimiser (Min). The
maximiser tries to win, but the minimiser attempts to minimize maximiser’s score.

Some algorithms have been developed for umplementing two-player games of perfect
information. The basic ones are the Minimax algorithm and the Alfa-beta pruning algorithm.

The Minimax algorithm allows choosing of the best next move in a given situation. It
associates a value with cach state of a game tree and this value indicates how good this state is
for a player. The player then chooses the best move available for him/her.

The Alpha-beta pruning algorithm allows reducing the number of states evaluated by the
Minimax algorithm, pruning out some branches of a game tree, that have not perspective for
the win.

Both abovementioned algorithms are taught to students during lectures on foundations of
artificial intelligence. However, the Minimax algorithm was chosen for the implementation of
the prototype of the intelligent tutoring system, because of its simplicity.

The steps in the Minimax algorithm are the following:

e Create the game tree.
¢ Label each level in the game tree as Min or Max alternately.
* Give the value ! for all the terminal states, where Max player wins, and 0- otherwise.
* Propagate the values of the terminal states up the tree in accordance with the rule:
a) il the parent node is at the Max level, it gets the maximum value of its
children;
b) if the parent node is at the Min level, it gets the minimum value of its children.
* Determine the winning paths, when the propagation of the values is finished and the
root node is reached. If maximiser wants to win, he should choose states with value
L. If minimiser wants to win, he should choose states with value 0.

Figure 2 shows the results of the application of the Minimax algorithm. The game is
following. There arc ninc bonbons on the table. Each player can take one, two or threc
bonbons, but not the same number that his/her opponent has taken. The player who cannot
make a move loses the game. The bold digits near the nodes (Figure 2) are propagated values.
The bold arcs are the winning paths for the maximiser. The negative numbers on the arcs arc
the taken bonbons. As the root node has a value 1 the maximiser will always win the game, if
he/she plays carcfully.
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Figure 2. The game tree with applied Minimax algorithm (bold digits are propagated values; bold arcs are
the winning paths for the maximiser; negative numbers on the arcs are the taken bonbons)

5. System architecture

Now. when the details of the Minimax algorithm has been discussed, it is possible to describe
the architecture of the intelligent tutoring system for Minimax algorithm.
In order to learn the Minimax algorithm. a learner will be provided with three tasks:
a) the task of the refining of a game tree;
b) the task of the propagation of values:
¢) the tusk of the determining the winning paths.
The tasks are sequential, that is, the learner could be able to start the next task if he/she has
performed the previous one successfully.
All tasks have been divided into subtasks. For example, the task of the refining a game tree
consists of three subtasks (Figure 3):
Subtask I: a game tree holds the arcs between nodes on the same level:
Subtask 2: a game trec holds the arcs between nodes over levels;
Subtask 3: a game tree holds the arcs of both abovementioned kinds.

Subtask 1 > Subtask 2 Subtask 3

Iigure 3. The subtasks of the task of the refining of a game tree and its relationships
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The subtasks can be described as follows:
1.subtasks

Precondition: None because it is the first subtask

Description: The game trec that has arcs between nodes on the same level
are presented to a learner

Purposc: To teach the creating of correct game tree. deleting the wrong

arcs between the nodes on the same level
2.subtasks

Precondition: The first subtasks is solved correctly

Description: The game tree that has arcs between nodes over levels are
presented to a learner

Purpose: To teach the creating of correct game tree, deleting the wrong

arcs between nodes over levels
3. subtasks

Precondition: The second subtask is solved correctly

Description: The game tree that has both arcs between nodes over levels and
arcs between nodes on the same level are presented to a learner

Purposc: To teach previously learned skills to get the correct game tree

The hints, which a lcarncer can get. if he/she acts incorrectly. have been defined for all
tasks. For example, the learner will receive feedback {rom system after cach his/her action
during the task of the refining of a game tree. If he/she deletes the wrong arc, then he/she will
be praised. Otherwise, onc of the following hints will be presented to a learner:

a) the system will point to the last arc that was deleted correctly:

b) the system will point out one of the levels, where the wrong arcs exist;
¢) the system will point one of the wrong arcs;

d) the systems will refine a game tree by itself.

The intelligent tutoring system for Minimax algorithm uses two kinds of student model.
The short-term model is created for cvery learning session. It contains the information about
the learner’s action and the received hints in the current learning session. The long-term
student model stores information about the task and the subtask that must be solved. This
model is used at the beginning of the new lcarning session and finishing the current session.
At the beginning of the new learning session the information from the long-term student
model is read and in accordance with 1t the subtask of corresponding task is presented to the
learner. Finishing the current learning session information {rom the short-term model is
extracted and posted to this model, as well as the information about the last task and subtask
1s stored.

Because of praising the learner after each right action the storage of the praising phrases is
nccessary. The items have been extracted in the random way.

The following components comprise the interface of the system for the present:

e the field for system’s messages, where the system’s commentaries about learner’s
actions and its guidelines, as well as praising phrases is presented;

e the field for system’s hints, where system’s hints 1s presented forcedly, if the learner
acts incorrectly;

e some tools that allow the learner to choose hint, if he/she cannot solve the task;

e the ficld for output of the text of the subtask;

¢ the work area and the toolbar.
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The expert module does not store some information. It only generates the right solution to
the given subtask and compares it with the learner’s solution. Thus, this model contains the
set of algorithms for solving of the subtask.

The domain model partly has been alrcady implemented. It stores the theoretical learning
material, which is presented to the learner, if he/she cannot solve the task. The tutorial mode
is provided. It consists of slides of the theoretical learning material and provides navigation
facthties. that is, the ability to move to the next slide and to the previous slide. as well as to
choose the slide by its heading. This mode automatically starts afier registering of new
student in the system. In the case, if he/she just has some knowledge about the Minimax
algorithm, he/she could be able to skip this mode. A student could be able to start solving
exercises after he/she would be successfully performed a test about basic concepts after the
tutorial mode. A student that has already registered in the system could be able to choose the
tutorial mode starting new learning session. if he/she needs recall some concepts. The simple
reactive agent [14] supports the tutorial mode. It perceives the learner’s actions such as the
choice of a particular slide by its heading or the click on the button responsible for the moving
to the next slide and changes the content of the current slide.

The guame trees have been generated dynamically instead of prepared in advance. They are
abstract ones and arc not related to the some particular game.

In order to provide the teacher the ability to manage the learning material. simultancously
with the implementation of the intelligent tutoring system the shell of the editor of the
learning material is developed. The main purpose of the editor is to allow the teacher to add
new slides, to modify or to remove existent slides, as well as to create new chapters of the
learning course or create new learning course without programming. The editor provides a
blank slide in which the teacher can put some text and images. as well as can define its
heading. In future this editor will allow to load text for slides from some well-known text
editors such as MS Word, MS Notepad and MS WordPad.

6. Conclusion and future work

The development of the prototype of the intelligent tutoring system for Minimax algorithm
now is in progress. The general principles of the functioning of the system have been
understood and the main parts of its architecture have been identified. However, the right
teaching strategy has not been determined yet, as well as the information that will be stored in
the student model has not been defined completely yet. Therefore the first direction of the
future work is the development of the detailed architecture of the system. determining and
speeifying cach component, its purpose and functions, as well as relations to other
components.

The second direction is the transformation of the system architecture into agent-based
architecture and the development of the animated pedagogical agent. As it is mentioned in
[15] the agent-based technology is a very promising approach to the implementation of
intelligent tutoring systems as it allows to pass from the monolithic structure of such systems
to the structure of relatively independent components improving the expandability and reuse
ol intelligent tutoring systems as well as their maintainability. In order to define an agent-
based architecture of mtelligent tutoring system for Minimax algorithm it is necessary to
determine what components ol intelligent tutoring systems can be implemented as agents,
what functions agents can perform in cach component and which agent types can be used. The
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animated pedagogical agent will be responsible for presenting of the feedback to a learner
making the learning process more interesting and similar to entertainment.

The third direction of the future work can be rclated with the development of more
general-purpose architecture, that is, the system that is not intended for a specific subject, but
is able to operate correctly with different subjects. This requires the development of some
shells allowing to manage the knowledge of the intelligent tutoring system about domain,
teaching stratcgies and learner.
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Anohina A. Intelektuald mdactbu sistema Minimaksa algoritmam

Pettjumi intelektualu mactbu: sisténue jona ilgst jau vairak neka 30 gadus un $aja laika daudzveidigas
intelektualas  méacibu  sistémas  tika izstradatas  daiadam  sferam. Sis programmatiiras  sistémas imité
cilvekskoloidju, demonstréjot intelekindlas spéjas, un 1Gdéjadi nodroina efektivi veidu ka iegiit zindsanas, kad
cilvekiem 1as ir vajadzigas, bet viniem nav laika apmekiét kadu méacibu iestadi.

Dotais raksts apraksta rezultdtus, kas tika legiiti intelekialas macibu sisiémas, kas paredzéta mécibu
kursam “Maksliga intelekta pamari” Rigas Tehniskaja universitate, izsirades sakoméja stadija. Sistémas mévkis
ir palldzét siudentiem apgiir Minimaksa algoritmu, risinot uzdevumus. Idejas par sistémas arhitekifivas izstradi
ir sniegtas Saja raksta. Uzdevumi un apakiuzdevumi, kuriem jabiit piedavatiem studentam mactbu sesiju laika, ir
aprakstiti un tespéjama atgriezeniskd saite ir apspriesta. Sisiémas attistibas virzieni iv ieziméti,

Lidztgi darbi intelektualu mdactibu sisténue joma, intelekinalas mdacibu sistémas arhitektiiras galvends
sastavdalas wn 1o attiectbas. ki wi dadi jedzieni par wz dator balsiiti divpersonu spelu realizaciju un
Minimaksa algoritms ir aprakstisi. (ai lasTtajs vavétu dzilak sapiast sistémas bitfibu.

Anohina A. An intelligent tutoring system for Minimax algorithm

The field of intelligent nuoiing svstems has been researching over 30 vears and during this time a variery of

utelligent tutoring systems has been implemented for different areas Such: scttware systems sinudate o oo -
teacher, demonstrating some intellicent capabilities, and thus provide an effective wav wor wcquiring of
knowledge when people need theni. but do not have time to visit some educational instizution.

The paper describes the residis of the titial stage of the development of an inteliigen: naoring sysiem jor the
course “Foundations of wrtificial tnceilizence” at the Riga Technical University. The objective of the system is to
assist stidents in learining of the Miilmayx algorithin through exercises. Some ideas about the desigi of system’s
architecture ave presented. The tasky and subiusks that should be presented to a student during tutoring sessiois
are described and the possible teedback s discissed. The some directions of the evolution of the system are
outlined.

Related work in the field of nrelligen: tuoring svsiems, the main parts of architecture of intelligent tutoring
system and their relations. as well as some concepis of ihe computei- /)usm[ implementation of two-plaver games
and the Minimax algorithm wre described tor tie e dder s wceperwrdersianding of the essence of the svsten.

Anoxuna A, Humeswiekmya/ to st 00y 4dionidst CueimeMd 080 @icopumsid UM URCd

Heciedosanua ¢ 00RGCHIE UHMEIACKINY Qb BIX OOV UGN CHOINEN C SN 3wy Hoiee 30 Ten 1 5a mo epems
MHOMICCCINGO HIMEINCKINYATLHBIX OOVUQIONIUX CUCIICN ObL10 Paspacomano 04 pastuunsiy obiacimedi. Ini
CUCTIENbL POZPAMMHO20 OGCCHYCHYA UMUMUPVION RPCROOAGAINEIT-Ye.106eRa, OeMONCHIPUPYA HEKOMOpble
UHINEIACRMYATolble CROCODHOCTIN, U makuM o0pasoy obecnequsaiom s(hhexmusiioiii cnocot npuobpemenia
SHANUT, ROOA NOGU HYHCOQIOMCA 6 NUX, HO e UMCION! 6peMeHi, Ymolvl ROCeams HeKomopoe yiebHoe

saseoene.

Hannas cmames oceergaem PEIVABIIAMbL HAYAILHONT CINaoul pa;’paﬁ(mmu UHRICIICKIYANTbHOI 1,)6\/!4(1/011;61‘1
cucmesnr 1A vyeonoso  kypea  «Ocnogsl UCKYCCmeeHnoeo  unmeniexkma» 6 Puxcekon  Texnuueckont
Muugepcunieme.  [leivio cucmeatbl  agi1aenct HOMOUL  CNMVOCHMAM @ uzyyenuu areopumma  Munuvarca
ROCHCOCINGON  PCHICHUA  3a0antiil. [ekonopsie udeu omuocumetbHo paspabomiu APXUMCKINIVDbE CHCINEM b]
APCOCHIAsICHbL 6 CINAIbe. 3Aoaniia i Hod3adaniii, ROMOPbIE OOANCHBL GbINb APCOAOHCENbE CIINVOCHIN 60 GPEMA
}'Lte(?}/m.\‘ CeCCUt, ORUCHIEAIOINCA, 1l GOUMONCHbBIC GUHObI ()(7/)(1//1/101’1 CRUSU ODCYACOAIVINCH. /[u/lpar;.'zmu;z paseiind
CHCINCA T HAMEYCHbI.

Cxoocue /7(16()1)11>/ 6 00IaCH UHTNCICKINY ABHbIX f)&\'ltﬂ/()l((t/,v cucmeM,  21agible  COCMAQaIAN e
GPXUMECKIIVPBL UHTICTICKINVATbHOH 06\*‘/(11011@ CHCIICMBL U UX G3AUMOCEASU. A INARICE HEKOMOPLIC RONANIUA
OCHOGQUNON HA KOMAbIGNIepe peaianusaytie uep osvy auy i areopumy Munusiarkca onucanel ¢ cmamue, ynotel
YUMAMENb MOE 7.'1),'69/('6 HOHAINb CYUIHOCITS paapaﬂambmae_uou CUCIHEMBL.
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