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Abstract - An intelligent tutoring system is computer software designed to simulate a human tutor’s behavior and guidance. 
In order to develop the software’s that present students effective instruction methods and provide education with being 
adapted to students, studies are carried out. Intelligent Tutoring Systems (ITSs) are designed with using Artificial 
Intelligence (AI) techniques in computer programs and called cognitive tutors or Knowledge Based Tutoring Systems which 
can guide learners to progress in the learning process at their best and to facilitate instruction. Intelligent Tutoring Systems 
have revolutionized online education by providing individualized instruction tailored towards each student. Software testing 
is one of the most largely known and necessary field in software engineering. We present KITWEB, the Knowledge based 
Interactive Tutoring system for WEB application testing.  KITWEB teaches different testing techniques testing as well as it 
gives the practical testing experience to its users.  While evaluating the users the test data and testing results the system 
presents appropriate feedback regarding any errors in their solution. The main aim of the system is to individualize 
instruction towards a particular student. 
 
Keywords - Knowledge based Interactive Tutoring system for WEB application testing(KITWEB), Constraint based 
modeling (CBM), Intelligent Tutoring Systems (ITS), Bayesian Network (BN), Student Module (SM), Pedagogical Module, 
Report Module  
 
I. INTRODUCTION 
 
Now a day’s most of the users are developing 
software systems that successfully teach students. 
Such software systems are called Intelligent Tutoring 
Systems (ITS). The necessity for such systems began 
with the observation that individualized teaching is 
the most influential instructional medium. Empirical 
studies have shown that individualized human 
tutoring over normal classroom instruction could 
raise student’s achievement by two standard 
deviations [Bloom, 1984]. However, having 
individualized human tutoring for each student is 
difficult as well as it is not logically and 
economically possible since students greatly 
outnumber teachers. If ITSs can be developed to 
imitate a human tutor, then one-to-one tutoring for all 
students would become a possibility. 
 
ITSs can be used as a complement to classroom 
teaching in that students are able to learn at their own 
speed. By using ITSs as support tools for learning, 
teachers will have more time to focus on one-to-one 
tutoring for students who are under pressure. 
This paper describes an intelligent teaching system 
developed for students learning software testing 
specifically web application testing.   
 
Software testing is one of the most largely known and 
necessary field in software engineering. The purpose 
of the software testing is not only to reveal defects 
and eradicate them but also to serve as a tool for 
verification, validation and certification. It also shows 
the quality of the product. So as the software industry 

grows the need of software testers also increases.  We 
have developed KITWEB in order to make this 
subject less challenging to the novitiate student.   This 
research was undertaken with the aim of finding a 
solution to the problem of teaching software testing 
specifically web application testing to a diverse range 
of individuals, in an effective and economically 
feasible manner. 
 
II. ITS ARCHITECTURE 
 
“Intelligent Tutoring Systems” [ITS] attempt to 
simulate such a “teacher”, who guides the student’s 
lesson flow, uses pedagogical methods suitable to a 
student and monitors progress on an individual basis, 
in an online setup based on his or her level of 
understanding in the subject. 
The traditional ITS model includes four components: 
the domain model, the student model, the teaching 
model, and a learning environment or user interface 
as shown in fig. 
 

 
Fig.1 Traditional ITS architecture 
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III. RECENT SYSTEM 
 
ANDES 
Andes (Conati et al, 2002; Gertner & VanLehn, 2000) 
is an ITS which was developed to teach physics for 
the students in Naval Academy. Bayesian networks 
were primarily used in Andes for decision making.  
 
The major foci of the system are  
(1) Select the most suitable strategy for the student  
(2) Predict Student’s actions  
(3) Perform a long term assessment of the student’s 
domain knowledge.  
 
Andes is a domain dependent ITS. Each problem in 
the system was broken into some steps and Bayesian 
network was formed using those steps as nodes. So, 
the problems were represented in the system as 
Bayesian networks. The Bayesian network would 
predict the most probable path for the student during 
a course. Each student could have different 
approaches to a problem, the network would be 
adjusted accordingly (the probabilities would change) 
and finally for a new problem it would predict the 
best strategy for the student[4].  
 
INTERMEDIACTOR 
 
InterMediActor (Kavcic et al, 2003) is an ITS which 
used fuzzy inference mechanism. It had a data 
structure called navigation graph. This graph 
determined which concept comes after which. When 
there were multiple choices, decisions were made 
using fuzzy rules. The fuzzy rules actually connected 
the student’s capability and the nature of the concept 
in hand to decide whether the concept was suitable 
for the student or not. The student’s information and 
other related information of the topic and concept 
were described in the system as fuzzy sets. The fuzzy 
rule base established a relation between them and 
helped to make decisions. 
 
SQL-TUTOR 
SQL-Tutor (Wang & Mitrovic, 2002; Mitrovic, 2003) 
is an ITS, which as the name suggests is to teach 
SQL. Artificial Neural Network (ANN) was used in 
SQL-Tutor for decision-making. An agent was 
present who analyzed the student and selected an 
appropriate problem from the database. That agent 
was modeled using an ANN. 
 
CAPIT: A PUNCTUATION TUTOR 
CAPIT (Capitalisation And Punctuation Intelligent 
Tutor) is a constraint-based tutor designed for, and 
evaluated with, school children in the 10-11 year old 
age group. The system teaches a subset of the basic 
rules of English capitalisation and punctuation. The 
constraints cover the following parts of the domain: 
capitalization of sentences and the names of both 
people and places, using apostrophes, separating 

clauses using commas, separating list items using 
commas, denoting direct speech with quotation marks 
and the correct punctuation, etc. 
 
IV. KITWEB ARCHITECTURE 
 
In the proposed ITS consist of six emerging 
subsystems, namely:  

1. Student Module  
2. Knowledge Module  
3. Tutor Module  
4. Pedagogical Module 
5. Report module  
6. User Interface Module  

 
Two major issues related to an ITS are “what to 
teach” and “how to teach”. The student module and 
knowledge module deals with the “what to teach” 
part, whereas the tutor module and pedagogical 
module are concerned with “how to teach” part. This 
proposed module also deals with “how to report” part 
by using report module and user interface module. 
The knowledge Module is also important as it is the 
representation of the domain knowledge. The most 
important part of an ITS is the tutor module. This 
module is the centre of the whole system. It 
communicates with the other modules and does the 
entire decision making. The structure of the ITS is 
shown in the figure 2. 
 
4.1 Student Module 
The student module contains descriptions of student 
knowledge or behaviors, including his 
misconceptions and knowledge gaps [1, 10].  In other 
words, the cause of collecting information about 
student is to determine the education level of student 
and the most suitable learning method for him. The 
collected information is stored in data base and 
whenever necessary it can be retrieved and used.  
 
ITSs serve two basic aims [5, 6, 11, 14, and 18]:  

1. To form a learning program adaptable 
according to the student  

2. To be a guide to solve student’s problem. 
 
4.2 Knowledge Module 
The Knowledge module references an expert or 
domain model consist of a description of the 
knowledge or behaviors that represent expertise in the 
subject-matter. It is the module in which main 
information and tutorial information that are going to 
be taught resets. We can say that the designing of 
better knowledge module helps more in proper 
tutoring and assessment. It is to say, when a student 
module is identified, the data base suitable for this 
module should be able to present to the user easily.  
 
4.3 Tutor Module 
A mismatch between a student's behavior or 
knowledge and the expert's presumed behaviors or 
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knowledge is signaled to the tutor module, which 
subsequently takes corrective action, such as 
providing feedback or remedial instruction with the 
help of pedagogical module. This module contains 
the information which includes tutoring strategies and 
tactics which are stored in knowledge module. Tutor 
module provides necessary information so that 
tutoring aims can be achieved.  Besides, it will 
answer students’ questions properly and will present 
the needed help when they solve a problem or 
perform their skills. It must have a mechanism which 
will be able to determine what kind of help to be 
presented. 
 

 
Fig.2 KITWEB ITS structure 

 
4.4 Pedagogical Module  
The pedagogical module is the driving engine of the 
teaching system and is closely linked to the student 
module. It designs and controls instructional 
interactions with the student for their better 
understanding.  It uses the student model and 
knowledge model to make its pedagogical decisions.  
The pedagogical module forms and updates the 
student model and offers hints when the student is 
struggling, supplies advice, support and explanations, 
selects a new topic, etc. 
 
4.5 Report Module 
This module generates report related with the 
performance of the student as well as produces status 
of knowledge acquainted by the student.  This 
module also support tutor to update the information 
about his student. A report module visualizes the 
knowledge module and the Student Module to 
analyze the various learning parameters of the learner 
such as the allotted time for studying a specific 
content in order to generate report of assessment with 
the help of tutor module. Based on the strategy of the 
tutor module, the learner at any time is able to choose 
the learning contents himself which leads to the 
updating of the Student Model 
 
4.6 User Interface Module 
The user interface module provides the means for the 
student to interact with the ITS, usually through a 
graphical user interface and sometimes through a rich 

simulation of the task domain the student is learning 
[5, 10, 13, and 18]. 
 
Student modeling is widely accepted as one of the 
central problems in ITSs. If a system is to be 
effective, it must reason about student’s knowledge 
and adapt its actions to the needs and abilities of each 
individual student. Many SM approaches have been 
suggested over the years. Some of them are suited to 
a particular domain, or a teaching strategy. The 
research presented here focuses on effective and 
computationally tractable student modeling. We 
adopted the combination of Constraint-Based 
Modeling,  and Baysian Networks as a student 
modeling approach and have had extremely good 
experiences with it.  
 
V. DESIGNING STUDENT MODULE FOR 
KITWEB 
 
Student modeling is the process of gathering relevant 
information in order to assess the current knowledge 
state of the student. The task of building a student 
model is extremely difficult and laborious due to the 
large search spaces involved [Self, 1990]. 
 
KITWEB uses the combination of Bayesian network 
(BN) and Constraint Based Modeling (CBM) for 
student modeling.  CBM reduces the complexity of 
the task of student modeling by only focusing on the 
errors. The domain knowledge in CBM is represented 
as a set of constraints, where each constraint defines a 
set of equivalent problem states. Violation of a 
constraint signals the error which comes from 
incomplete and/or incorrect knowledge. 
 
KITWEB identifies violated constraints by 
investigating the student’s answer to identify errors 
using its stored ideal answers. 
 
KITWEB’s student modeler includes a parser to 
evaluate the problem state against the constraints. 
Initially the relevance condition is checked against 
the problem state. In situations where the relevance 
condition is set as true, the step of verifying the 
relevance condition is skipped, as the constraint is 
always relevant.  
 
The short-term student model consists of the 
relevance and violation details of each constraint, 
discovered during the evaluation of the problem state. 
The short-term model is only dependent on the 
current problem state and does not account for the 
history of the constraints such as whether a particular 
constraint was satisfied during the student’s last 
attempt. The pedagogical module uses the short-term 
student model to generate feedback to the student. 
Figure shows how KITWEB presents the feedback 
when constraints get violated.  
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Fig. 3 CBM in KITWEB (simple constraint) 

 

 
Fig.4 CBM in KITWEB (Complex constraint) 

 

 
Fig.5 BN in KITWEB 

 
The long-term student model of KITWEB is 
implanted using Bayesian network. To model the 
student learning style and state of knowledge we 
define a set of variables both generic (associated with 
the learning style) and content specific (associated 
with the state of knowledge). These variables will be 
part of a BN to infer conclusions about the student 
and the pedagogical module uses these data to select 
new testing technique for the student. 
Generic variables include Mean time per page, 
Answers and Content Specific variables include 
Spent time, wrong answers, and Right answers. 
These variables keep information about the user 
interaction with the ITS and are used to adapt the 
presentation of contents to the student’s profile. 
KITWEB teaches to its student different testing 
techniques. For ex. It teaches how to do functionality 

testing as well as usability testing and interface 
testing also. 
Topics are interdependent on each other. Once the 
user knows the details of the functionality testing then 
and then only it can check the usability of all the 
components present on the web page. Meaning that to 
understand entirely usability testing the student must 
learn functionality testing first.  KITWEB handles 
such type of interdependence using Bayesian 
Networks and presents appropriate feedback. 
Bayesian network is implemented in KITWEB as 
below. 
 
CONCLUSION 
 
This paper has discussed the designing student 
module of KITWEB, developed to assist students 
learning different web application testing techniques. 
The student modeling technique used in KITWEB, 
i.e.  The combination of Constraint Based Modeling 
and Bayesian Networks can be used to effectively 
represent knowledge as well as in making decisions 
from the student’s pedagogical point of view. Also it 
helps to analyze student’s solutions and to generate 
appropriate feedback.  
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