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ABSTRACT

This paper proposes an adaptive and interactiveagentgbased intelligent tutoring system for cognitive ability
realization and improvement (ITSCARE - Intelligent Tutefing System for. Cognitive Ability Realization and Improvement).
ITSCARE allows the learners to realize their cognitive ability and'to improve their cognition while studying the course. It
provides different types of course materials whichare dynamically adapted.\lt also increases the confidence level of the
learners and provides an effective learning experience. This system alsa provides game based learning which influences
the learners to get motivated and focus on the course. After the completion of each chapter, a test is conducted to predict
the cognitive ability where students are assessed using their help seeking skills during the test and cognitive skill factors
such as memory, concentration, attention in detail etc,. It uses politeness style to provide the test results and feed back to
the students which keep the learnerginterest in the subject.\Collaborative learninggamong the learner is improved by
conducting quiz competition where{a group of students“participate4and a winner is chesen. It uses different type of
software agent to predict and improvethe cognitive skill.

Index terms — Intelligent Tutoring Systeminteractive Learning Environment, Teaching and Learning Strategies,
Cognitive Tutors, Agent baséd Ihtelligent Tutering System, Competition based ITS, Education, Cagnitive Prediction and
Improvement, Game béased ITS.

1. INTRODUCTION

An intelligent tutoring system (ITS) [2][5] provides personalized instruction or feedback to students, that is,
without the intercession of human tutor. Instead of acquiring &, tutor to learna skilljythe user will acquire a software
application with “lightweight tutoring agents” that can be engaged toysupport learningiin'the environment.

An extension of ITS is Intelligent Tutoring System for‘Cognitive ability Realization and Improvement (ITSCARE)
that we proposed Wwhich provides learning environment to realize and improves the cognitive ability of the student and also
helps to improve subjective knowledge. The cognitive skill of the student can be predicted based on their help seeking skill
and many parameters like memory, understanding & planning and problem solving during the test.

In this paper, Section 2 introduces background wark, of intelligent tutoring systems, and the Index of Learning
Styles, Section 3 gives the priok research. Section 4 introduces the ITSCARE, and Section 5 outlines the conclusions and
future work.

2. BACKGROUND WORKS
2.1 Intelligent Tutoring System

Intelligent Tutoring Systems (ITS) [2] [5] are“adaptive systems which use many technologies to personalize learning of
student according to the individual student characteristics, such as learning style, mood and knowledge of the subject.
There are three main approaches to intelligent tutoring [2]:

e  Curriculum sequencing that introduces adaption by presenting learners with material in a sequence and styles
that suited to their need.

o Intelligent solution analysis that adds intelligence to intelligent tutoring system by giving students comprehensive
feedback on incomplete or mistaken solutions, helps to learn from their blunder.

e Problem solving support techniques that gives learners intelligent assistance to reach a solution

Generally ITS comprises of four tutoring process modules, each will perform different task in tutoring environment.
2.2.1 Student module

This module should model the individual characteristics of the student, among then one of the most important is
the instant individual knowledge about the domain, Robles defines it as: “The model of the student reflects how much
does the student know about the domain, as well as its cognitive experiences and of learning, from which a diagnostic can
be made”. Besides it should be considered that this module will have to be able to interact with its pair, which a
fundamental characteristic of intelligent advisors.

2.2.2 Tutor’'s module
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This module posses the knowledge about teaching strategies and tactics, in order to choose then regarding the
characteristics of the student (which are stored in the student module).
2.2.3 Domain’s module

This module posse the knowledge of the subject formed by the production rules, stereotypes, etc. From this
module the tutor can obtain the knowledge to be imparted.
2.2.4 Interface module

This is the interface between the ITS and the real student, its function is to present the domain’s material and any
other didactical material in a proper way.
2.2 Index of Learning Style (ILS)
The Index of Learning Styles (ILS) model [2] [7] explains the teaching and learning styles in engineering education. It
represents an individual student’s learning style as in form of four dimensions that specifies both the nature of their
learning style preference and the strength. Each learning style dimension relates to a step in the process of receiving and
processing of information, as illustrated in Fig.1 In addition to the formal assessment questionnaire, the ILS model
describes typical learner behaviors that can be used to informally group types of learners. The ILS model was adopted in
the implementation of ITSCARE for predicting the learning style of the student to provide content adaptation.
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Fig.1 ILS Dimension

The learner’s behaviorgdefined iny Index of “learning style model "basedhon perception dimension, input dimension,

processing dimension‘and understanding dimension arexgiven in table

Table.1 Typical learner behaviar characteristics extracted from the ILS model

Sensor
Prefer facts, data, experimentation
Prefer solving problems using standard methods
Dislike surprises
Patient with detalil
Do not like complications
Good at memorising facts
Careful but slow
Comfortable with symbals (egywords)

Intuitor
Prefer principles and theories
Preferinnovation
Dislike repetition
Bored by detail
Welcome complications
Good at grasping new concepts
Quick but careless
Uncomfortable with symbols

Visual
Remember what they see
Like pictures, diagrams, flow charts, time,lines, films
Prefer visual demonstration

Verbal
Remember what they hear, or what they hear then say
Like discussion
Prefer verbal explanation
Learn by explaining to others

Active
Do something with information — discuss/explain/test
Active experimentation
Do not learn much in passive situations (lectures)
Work well in groups
Experimentalists
Process information by setting up an experiment to test
an idea,
or try out on a colleague

Reflective
Examine and manipulate information introspectively
Reflective observation
Do not learn much if no chance to think (lectures)
Work better alone
Theoreticians
Process information by postulating
explanations/interpretations
drawing analogies, formulating models

Sequential
Follow linear reasoning processes
Can work with material they have only partially or
superficially
understood
Strong in convergent thinking and analysis
Learn best when information is presented in a steady
progression
of complexity and difficulty

Global
Make intuitive leaps
Difficulty working with material not understood
Divergent thinking and synthesis
Sometimes better to jump directly to more complex and
difficult material
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3. PRIOR RESEARCH
3.1 Conversational ITS to automatically predict learning styles

Oscar is a novel conservation intelligent tutoring system (CITS) [2] that leads a tutoring conversation and
dynamically predicts and adapts to a student’s learning style. A CITS that can imitate a human tutor by a better leading an
adaptive tutorial conservation uses a familiar format which can help improve learner confidence and motivation. Imitation
of human is done by using knowledge of learning style and learning behavior to predict the learning style.

Here a series of experiment is done that determine that prediction of learning style from the learner’s behavior during a
tutorial conversation and to propose a methodology and architecture. An Example logic rules to adjust student learning
style values based on tutoring conversation is given

1. Example rule to test whether presenting information visually helps the student’s information perception:
IF student shown image/diagram
AND student gives correct answer
THEN increase VISUAL;

2. Example rule to test how comfortable the student is with words and with detail:
IF answer is given in the explanation text
AND student does not know the answer
THEN increase INTUITOR
AND increase VISUAL;

Fig.2 Example Rules,to adjust student learning style

3.2 Immediate Meta Cognitivesgkeedback will help, students acquire better help seeking skills
Immediate meta-cognitive feedbackiwill help students acquire betterselp seeking skills [4]. . Knowing when and how to
seek help during learning is a key self-regulatory skill. Research' in classrooms suggests that adaptive help-seeking
behavior helps students learn more effectively.Effective help seeking has also been shown to be ‘associated with better
learning in educational technologies. Herethe foeus is on help seeking, within an intelligenttutoring system, that is, a
system that provides stepgy-step level guidance as students practice'a complex problem solving skill:

Hint Hint text Type of hint
level

L. “Enter the value of the radius of circle A” Orientation

2. “How can you calculate the value of the Instrumental help

radius of circle A given the value of the
diameter of circle A?”

3. “The radius of a circle is half Instrumental help
of the diameter”
4. “The radius of circle A = 46.5" Bottom-out hint

Fig.3 Hint level imGeometry‘Cagnitive Tutor
Students often can ask for multiple levels of hints for each/step. Here an example hints level in the geometry cognitive
tutor.

3.3 Question-Driven competition-based approach

A detailed description about competition based. learning [3] were discussed, which is an ITS that enables competition
among students in an educational environment. The paper shows the different features of the tool that they developed for
competition based leaning and how they are‘innovative with respect to previous educational competitive systems. The tool
allows the competition among students for improving their learning process in a course. This takes some ideas from the
Swiss-system widely used in chess and adapts them to the educational area for competition based approach in learning.
The competition is based on different tournaments and rounds. In each round, students are assigned in pairs of two, which
compete one against another, and each pair receives different questions that students have to solve in a limit of time.
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Fig.4 Sequence Flow of competition
The sequence flow of competition is given in fig.4. Students can see their partial ratings after each round and their final
rating after a tournament. The tool includes problem solving capabilities with a specific scoring calculation, artificial
intelligence capabilities (for the adaptation of the different pairings for each round, the adaptation of problems depending
on the students’ knowledge level, the on-live visualization of matches, or the different ratings), and management
capabilities (with the defined life cycles for tournament or rounds).
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3.4 Usage of software agent for Politeness Feedback

Different type of software agents are used to provide politeness interaction in the intelligent tutoring system.
Scooter the tutor [1] uses a politeness software agent which dynamically interacts with the students. The response of the
students to the animated software agent varies with human tutor. When tutor insults the students, the reaction of the
students may change and it can affect the student’s learning environment.

expressions of scooter

a polite interaction to the students. Here an
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e is send to the students without affecting
e shown for different type of message. Fig
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ime to complete the competition since
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eedback, Game based learning and co
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with which tries its maximum to increa:

4. RESEARCH PROPOSAL

4.1 Introduction

This paper has presented an adaptive and interactive agent based intelligent tutoring system tool ITSCARE. It imitates the
classroom teaching by integrating the intelligent tutoring techniques. It helps to improve the cognitive ability of the student
with motivation. The tool focuses on the subject Data structure that places a vital role in computer science domain.
ITSCARE provides different types of course materials which are dynamically adapted. It also increases the confidence
level of the learners and provides an effective learning experience. The work has been done in analyzing different
behaviors for predicting learning styles and cognitive ability. Student’s cognitive skill is assessed through Fuzzy algorithm.

s el
=

Fig.6 ITSCARE GUI-Course Unit
ITSCARE provides different types of course material in data structure subject such as theoretical based, example based,
practical based and Gaming based in a distributed system. ITSCARE GUI-Course unit consist of data structure concepts
such as sorting, searching, linked list, stack, queue, tree, graph, and etc. At first, the learner can choose any type of
course content for a chapter. At the end of the chapter, the assessment test will be conducted to predict the cognitive
ability of the student and learning style. Based on the cognitive prediction, we can improve the cognitive by giving the
polite feedback and competition based approach and game based motivation. Game based learning in data structure is
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used to improve motivation among the students and to bring the interest on the subject. The concept in the chapters are
converted into games and made to solve by the learner which gives a clear view about the concept of a chapter.

4.2 ITSCARE Architecture

The architecture of ITSCARE is illustrated in fig 6. ITSCARE comprises of four agent such as Tutor agent, Test agent,
Monitor agent and Game agent. Each agent will perform their specified tasks which are discussed below. Agents

communicate with each other through ACL.
\
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4.3 Roles of agent

Tutor agent:

¢ Interacts with the students
e Provide content as per the instruction given by monitor agent

e  Provide polite feedback
e Conducts the test chapter wise
e Evaluate the answer
e Sends the results to monitor agent and tutor agent
Monitor agent: ‘ .

e Tells the tutor agent that what kind of content should be provided to the student using test values
e  Cognitive skill of the student is predicted using test values
e Does the complete assessment of students

Game agent:

e  Conducts competition
e Provide games to play by students

4.4 Polite based feedback

Tutor agent is responsible for the polite based feedback. Each and every interaction of student to ITSCARE is
done by tutor agent. Providing content, cognition result and test result. Hence all the results and feedbacks are provided to
the students in a polite manner. An animated cartoon character with audio based feedback is given to the feedback which
may not affect the students by its feedback. It congrats the students with a smiley face and brisk voice, when good mark is
scored and shows a sad face with dull voice when the students perform low.

4.5 Conduction of test
At the completion of each chapter an test is conducted by Test Agent. Test consists of 10 questions. These
questions are framed in such a manner for assessing the cognitive skill. Based on that Tutor Agent adapting the content.

Cognitive of the learners can be assessed through four factors memory, problem solving, understanding and planning.

These 10 questions are distributed such that 4 questions come under memory, 3 questions come under problem
solving and 3 questions come under understanding and planning. For every correct answer from student, 10 marks are
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awarded to the students. For every wrong answer, 0 marks will be awarded. Every Question has consisted of 5 hints. The
first hint will provide a clue to find the answer and the last hint will show the answer. As per the usage of hint, the mark of
the student is reduced.
Table.2 Hint level and Mark reduction for each question in ITSCARE
Hint Level Marks Reduction

First 2
Second 4
Third 6
Forth 8
Fifth 9

The above table represents the reduction of mark according to the hint used. The usage of first hint reduces 2
marks, second hint reduces 4 marks, third hint reduces 6 marks, fourth hint reduces 8 marks and fifth hint reduces 9
marks. A flow chart based on help seeking model is given in figure 7.

For exam e student answer a question by using 2
we will get 10 value uestions totally.

hen the mark awarded to him is 6. By this way,

4.6 Fuzzification o itive skill

Coghnitive skill pre
to the cognitive components a

s the parameter from test agent. These 10 values related
kill of the student such that low, medium and high. The
values may range from 0 to 10 an gnitive skill of the students hence we use fuzzy logic.

Fuzzy logicis a form of many-valued logic fuzzy logic variables may have a truth value that ranges in
degree between 0 and 1. Fuzzy logic has been extended to handle the concept of partial truth, where the truth value may
range between completely true and completely false. Fuzzy logic is given with 3 parameter values such as marks of
memory, problem solving, understanding and planning.

Table.3 Score and its level
Score Value Level

0-3 Low
4-7 Medium
8-10 High

The above table represents the set representation of value. 0 to 3 represent low, 4 to 7 represent medium and 8 to 10
represent high.
Hence the fuzzy logic is represented by

If(skill==0.0 to skill==0.3)

The cognitive skill is low

Else if(skill==0.4 to skill==0.7)
The cognitive skill is medium
Else
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The cognitive skill is high //(skill==0.8 to skill==1.0)
The overall cognitive skill value is calculated by predicted fuzzy value explained in table 4.

Table.4 Factors and their result using Fuzzy approach

Memory Prob_lem Under_standing And Predicted Overall
Solving Planning Fuzzy Value Result
Low Low Low 0.2 Low
Medium  Medium Medium 0.6 Medium
High High High 0.99 High
Low Low Medium 0.2 Low
Low Low High 0.6 Medium
Medium  Medium High 0.6 Medium
Medium  Medium Low 0.6 Medium
High High Low 0.6 Medium
High High Mediu 0.9 High

The sample marks obtained by a 3 studen ven below be the factors specified in the table 5.

ation of Test Sco n Example

Average

value_for Calculation Overall
Memory RNing of Fuzzy .
skill
value
Studentl 6 2 A4 Medium
Student2 2 4 0.1 Low
Student3 8 . . 0.8 high
4.7 Content al
The mon e parameters for content adaption are test marks
which is provided ide the result to the tutor agent such that what

type of content sho
The following calcula

Correct Theoretical Questions
Total Theoretical Questions

Typical learner behavior characteristics extracted from the ILS model. Where participants performed better in
practical questions, the system predicts the learning style to be Active and Sensory. Participants who performed better in
theoretical questions were predicted to be Reflective and Intuitive. This is used to predict the perception (Sensory/Intuitive)
and processing (Active/Reflective) ILS dimensions. Then learners will get the theoretical based content if the correct
theoretical questions value is high because Sensory and Intuitive learners will always prefer theoretical contents. Else the
learners will get the practical based content if the correct practical questions value is high since Active/Reflective learner
prefers practical and real data content.

TEST . Evaluation Student Prediction of
> —_— '_’
ol . bl
o ‘

Provide

Course
Content

Fig.9 Content Adaption
4.8 Motivation through Games

Game agent is responsible for the game based learning. Motivation is an important factor that directly reflects on
cognition. The result of the cognition is based on the interest factor of the students towards the subject. Each content has
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a unique timeslot to read the topic. When a student cross the unique timeslot. Then it is concluded that the student is not
interested in the concept and he needs motivation. A game environment is created and allows the student to play the
game. For example, the student is currently studying the topic named “sorting”.

Table.6 Game and its Timing to start
Sorting Timeslot

Theory based 20 mins
Example based 10 mins
Video based 10 mins

The above table represents the unique timestamp of a topic which may differ by the content type. It express that theory
based content can be viewed only 20mins, example based content can be viewed only 10mins and video based content
can be viewed only 10 mins.

The student crosses 20 min for theory based content, and game related to previous concept is recommended such as
“Searching”. Hence motivation directly reflects on interest, the interest of the student towards the topic is created.

4.9 Cognition Improvement

Competition is one of the most important of ITSCARE. On every day, on a particular time, a competition will be
initiated and any one student who is online can participate. A common set of questions will be given to the participants and
the competition result is saved and continuously monitored. Hence by participating in a competition a student can improve
his cognitive skill.

5. CONCLUSION AND FUTURE WORK

This work discuss about the detailed description of ITSCARE. It helps the student to learn the subjects easily
without the intervention of human teacher. It enables students to apply their creativeness and experience a effective
learning environment. We use JADE platform to implement agents. ITSCARE tutors Data Structure. This work can be
enhanced by deploying in distributed environment and also predicting all the styles of learning model.
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