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Abstract— Student modeling is a key component in any
Intelligent Tutoring System (ITS). In today’s distributed
computing environment, the tutoring system can take advantage
of networking to utilize the model for a student for studentsfrom
other similar group. In the present paper we present a
methodology wher e using Case Based Reasoning (CBR), the ITS
provides student modeling for online learning in a distributed
environment with the help of agents.

The paper describes the approach, the architecture, and the
agent characteristics for the student modeling in the ITS. This
concept can be deployed to develop ITS where the tutor can
author and the students can learn locally whereas the ITS can
model the students learning globally in a distributed
environment. The advantage of such an approach isthat both the
learning material (domain knowledge) and students’ model can be
globally distributed thus enhancing the efficiency of ITS with
reducing the bandwidth requirement and complexity of the
system.

Index Terms— Student Modeling, Intelligent Tutoring
System (ITS), Distributed System, Intelligent Agent, CBR.

I. INTRODUCTION

The major challenge in teaching is to improve both
instructional productivity and learning quality for large and
diverse population of students under real world constraints
such as limited financial resources and insufficient number of
qualified instructors [1]. The different researches suggest that
students who are engaged in learning through intelligent
tutoring processes are more likely to achieve success [2].

Since mid 90’s, few educational system models were web
based and used ITS with student modeling in distributed style.
In past decade, researchers from different disciplines have
come out with systems which define and classify different
teaching and learning styles in distributed environment.
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In this paper we conceptualize a Case Based Distributed
Student Modeling (agent based) ITS architecture to support
student-centered, self-paced, and highly interactive learning. In
this system the first step in building an effective learning
environment is building a Case Base  where the system
maintains a rich set of cases (scenario) of student learning
pattern, and employs an efficient and flexible case retrieval
system during a session between the student and ITS. This
maximizes the interactivity between the ITS and the students;
and customizes the learning process to the needs of an
individual student [3]. The system must use the student’s
learning profile such as learning style and background
knowledge in selecting, organizing, and presenting the learning
material to support case based learning. It also supports
personalized and more intensive interaction between the
student and the ITS [4]. Distributed CBR based student
modeling enables adaptive delivery of educational content and
facilitates automatic evaluation of learning outcomes. The
system also incorporates a new approach to course content
organization and delivery, which can be developed based on
distributed and agent based instructional components.
Instructional components represent the customized interactive
presentation of any topic of the subject or different subjects.
They must be self-contained, autonomous, and easily
integrable into a wide range of courses.

I1. PROPOSED SYSTEM FOR DISTRIBUTED CASE BASED
REASONING

The proposed system is based on finding a case that is
similar to the learning domain of a past student in a distributed
environment. A similar learning domain means that when a
student enrolls in the system and on presentation of content,
questions, examples, and assignments the student responds.
CBR Based student modeling system compares the student's
solving process with the patterns of responses stored in the
case base. At this time, the inference engine reasons the state of
the student's knowledge through the student's solving process.
If a new situation occurs then case based system treats this as a
new case and records it, termed as machine leaning.

The proposed distributed CBR based student modeling
system does its work with the help of a number of specialized
agents with different expertise. There is a personal agent that
manages the student’s personal profile, including knowledge
background, learning style, interests, courses enrolled in, etc.
The personal agent talks to other two agents in the system
namely teaching agent and course agent through different
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communication channels situated in distributed environment
(Figure-1).
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Figure: 1. Communication model among Agents

A web based course is supported jointly by a teaching agent
and a course agent, that manage course material and
course-specific teaching techniques and student modeling
strategy. Multiple course agents may exist on distributed sites
to provide greater efficiency, flexibility, and availability. The
teaching agents can talk to any course agent, and often choose
one nearby for better performance. The course agents also act
as mediators for communication among students and tutors. A
teaching agent interacts with a student and serves as an
intelligent tutor of a topic or course. From a course agent, each
teaching agent obtains course material and course-specific
teaching techniques and then tries to teach the material in the
most appropriate form and pace based on the background and
learning style of the student [5]. Lecture note, presentations,
multiple examples with different difficulty level are used to
make difficult concepts and operations easy to understand.

III. ARCHITECTURAL DESIGN OF CBR BASED STUDENT
MODELING IN DISTRIBUTED ENVIRONMENT

CBR Based student modeling system can be divided into
three parts. A Case Based ITS (Intelligent Tutoring System), a
student interface module, and, the instruction processing
engine or agent communication system. The ITS is divided into
a student module, a tutor module with expert module (human
tutor interaction), and an interface module. The student module
consists of a Case Base, which is based on an overlay or bug
part library system [2].

In the proposed distributed environment student module,
tutor module and case based student modeling reside on every
node of the network. The teaching agent indexes all the cases
globally and personal agent is responsible for indexing all the
registered or aspirants students (learner) with their personal
profiles like static background profile (such as GPA or
percentage, majors, interests and course taken) and the
students’ dynamic profile globally (based on their interaction
on the agent) [6] . The course agent manages the course
material as per students requirement and teaching agent
decides the topics or lessons, to be supplied to the students
according to student performance. The student modeling keeps
the record in case base for future reference and manages the
student performances and course material accordingly. The
Network and nodal architecture of the proposed system are
shown in figures 2 (a) & (b) respectively.

Thus the whole system is managed in the distributed
environment with just three agents:

1. Personal agent,
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Fig 2 (a) Network architecture of CBR based ITS in Distributed
& agent based environment
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Fig 2 (b) Nodal architecture of CBR based ITS in Distributed &
agent based environment.

2. Teaching Agent, and
3. Course agent
In the proposed learning system there are also three global
indices: Student Index, Case Index, and Course Index. The
Student Index maintains the record of system log file (IP
addresses of the entire network) and student log file (User ID)
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registered in the entire network managed by the personal
profiler or personal agent.

The personal agent maintains the students’ profile master,
students’ learning profile, and usage profile. In profile master
user ID, registered node, user personal profile, course ID, and
preliminary or past performance, level of student (poor,
average, excellent), category of the student(slow learner,
normal learner, fast learner) are stored. Similarly, learning
profile maintains the record of subject ID, topic ID and topic
name, pre-leaning performance, and post learning
performance, performance of individual topic and subject, type
of errors performed by the student. The usage profile keeps the

record of system ID, time in, time out, topic name, number of

attempts, questionnaire etc.

The Case Index maintains the record of cases managed by
the teaching agent. In Case Index, case type, content of each
case, case adaptation condition, case indexing strategy, case
retrieval method, case recall method, case updation (addition,
deletion, modification) methods, error rate, teaching strategy,
location of the case where it is stored, and the remedial strategy
used by the system, are stored and maintained.

The teaching agent decides the teaching strategy by using
learning profile of the student and thereafter presents the right
content to the student with the help of course agent using Case
Index. The Course Index managed by the course agent
maintains the record of available course content like ordering
or sequencing of course material, set of related examples,
assignments, questionnaires, a set of exercise problems to
access the student’s understanding of the topic and remedial
content.

For the purpose of fault tolerance all storage in the

distributed environment are maintained in duplicate. It means if

anew case is diagnosed and stored at node i, a copy of it is also

stored on node j, j being the next nearest node available. Later,

one can research on optimum redundancy parameters. Thus
with the help of these three agents; personal agent, teaching
agent and course agent, and three global indices; student index,
case index and course index the complete learning process is
managed.

Let us think of a scenario of a student interacting with the

ITS:

1) The student logs in either as a new user or a registered user
from any node i of the network. In the first case the
personal agent will record the student’s personal profile at
node i and update the global student index. In the second
case there could be two possibilities : node i is the node
which contains this student’s profile, or , the student’s
profile is present at any other node j of the network ( j=1,
n; j<>i). In any of these two cases the Student’s personal
profile shall be available to the system with the help of the
personal agent.

2) Student starts session with the ITS. If new user, then the
ITS first assesses the student’s level and creates his/her
learning profile whereas for a registered user it obtains this
information with the help of personal agent. The teaching
agent then decides the pedagogy and proceeds with the

session. It obtains the desired courseware with the help of

course agent.
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3)

4)

The learning behavior of the student is continuously,
monitored by the teaching agent, and compared with the
previous case, stored in the Case Base. If a new pattern is
observed the teaching agent records it as new case and
flashes the message to the Course Agent for obtaining the
right courseware for the case. This is done through Tutor
Module of ITS which is not dealt with in the present paper.
Thus the system employs Machine Learning.

Student goes through the learning content with in finite
time and goes through the self assessment session. The
Personal Agent records the performance (learning extent,
learning rate and pattern) and takes further action based on
Student Modeling output which uses CBR. The complete
flow of the process is shown in figure 3.
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Fig.3: The learning process in distributed environment
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The major characteristics of the system architecture are:

1) The system is fully distributed (not bounded with any
network topology) i.e. both the domain knowledge and
strategic knowledge are distributed.

2) All indices are fully distributed i.e. Student Index, Case
Index, and Course Index are stored on all the nodes.

3) Redundancy (duplicacy) is maintained in the storage of
case base for fault tolerance. Load balancing of the cases is
achieved at each node. Later one can research on optimum
redundancy parameters.

4) If the node is a LAN, the domain knowledge can be
localized and strategic knowledge (case base) can be
global.( a school scenario, where the school is networked
globally)

IV. STUDENT MODELING IN DISTRIBUTED ENVIRONMENT

The process of student modeling [7] is shown in figure 4.

Figure: 4 The process of Student Modeling

The following activities take place in the system during the
student modeling when the student interacts with the system.

1. Selection of right course material for the student and
getting student’s response.
Analyzing the student’s behavior
Selection of appropriate case from the Case Base
Adaptation of the case
Achieving the knowledge component of the student
model through case base retrieval

6. Solution generation

7. Presenting the next problem / content to the student.

In a distributed environment the complete system works as
follows:

A
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Any student can register as a user at any node over the entire

network. The student can select any subject for learning. This
can be done through navigation of subject provided by the ITS.
The topics in a subject are required. However, before allowing
for selection of a topic, the personal agent of the system checks
the past record of the performance of the student to present the
right content, thus the system is adaptable.
If the performance of the student is not satisfactory then
teaching agent presents the appropriate remedial course
content to the student with the help of course agent. Only after
achieving the learning objectives the student is allowed to
move to a new topic. If any topic (case) is not available at the
local node then the system searches it from other nodes within
the network with the help of course index. If the case is not
found on the entire network then the teaching agent interacts
with the human tutors through course agent for “plug-in
topics”. These new plug-in topics are stored and managed by
the course agent on every node and at least one more node for
fault tolerance. The Course Agent also updates the course
index. This is the responsibility of the course agent to decide as
to where should the duplication be made. The course agent is
responsible for course management.

The design of such case based student modeling requires
algorithms for the following operations:

e Casecreation in active case base.
Case indexing in active case base
Update case in case base
Adaptation of cases in the case base
Case storage Algorithm
Pattern matching of case in case base or Retrieval of
cases from case base
Algorithm to check duplicate case from case base
e Case Deletion from case base and store deleted case
in to archive for future reference.
e  Sudent modeling

Within the distributed student modeling, the teaching agent
and course agent work for the tutor module of the ITS. The
teaching agent does not interact directly with a student but
through personal agent and serves as an intelligent tutor of a
course. The basic components of a teaching agent are a domain
expert module and pedagogy. The architecture of teaching
agent is shown in figure -5.

Teaching Agent

Pedagogy
Module

Student Profiler
{Personal Agent)

Course Agent}<—>

Daomain Expert
Madule

Figure: 5. Teaching Agent

The domain expert module is responsible for storing and
managing the teaching strategy about learning content,
exercises, assignments, and questions with the help of learning
profile and course agent. It contains a problem generator, a
problem solver, an explanation generator, and a domain
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knowledge base. The pedagogy module determines the timing,
style, and content of the teaching agent’s interventions. It is a
rule-based production system that uses the student model and
pedagogical knowledge to determine the appropriate actions.
The student profiler provides a model of a student based on
learning style, knowledge background, and interests. It may
also incorporate the information about student’s learning
profile gathered through dialogue with the student such as the
actions the student performed and the explanations which
student made.

V. CONCLUSION

In the present work we have proposed distributed case base
reasoning for intelligent tutoring system: an agent based
student modeling paradigm. It uses three agents- personal
agent, course agent, and teaching agent. All three agents timely
interact with the system and manage the student’s personal
profile along with learning activities, tutoring activities, and
course content management. Also it uses three indexes i.e.
student index, course index and case index, which are fully
distributed, to keep the record of every student, course content
and stored cases by the system with in entire network.

A prototype of this distributed case based reasoning

architecture for Intelligent Tutoring System is currently under

development, where a ‘C’ Language Tutor is being designed,
developed and implemented for the topic on “Operators in C”.
The results will be published subsequently.
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