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Qualitative Evaluation of
the Java Intelligent Tutoring System

Edward R. Sykes
School of Applied Computing and Engineering Sciences, Sheridan College
1430 Trafalgar Road, Oakville, Ont., Canada, L6H 2L1

ABSTRACT

In an effort to support the growing trend of the Java programming
language and to promote web-based personalized education, the
Java Intelligent Tutoring System (JITS) was designed and
developed. This tutoring system is unique in a number of ways.
Most Intelligent Tutoring Systems require the teacher to author
problems with corresponding solutions. JITS, on the other hand,
requires the teacher to only supply the problem and problem
specification. JITS is designed to “intelligently” examine the
student’s submitted code and determines appropriate feedback
based on a number of factors such as JITS’ cognitive model of the
student, the student’s skill level, and problem details. JITS is
intended to be used by beginner programming students in their first
year of College or University. This paper discusses the important
aspects of the design and development of JITS, the qualitative
methods and procedures, and findings. Research was conducted at
the Sheridan Institute of Technology and Advanced Learning,
Ontario, Canada.

Keywords: Web-Based Education, Evaluation of Programming
Tutors, Intelligent Tutoring Systems, e-learning systems, Al in
Education.

1. INTRODUCTION

Online teaching tools such as WebCT and Blackboard are
becoming extremely popular for distance education and
mainstream in-class education. Entire colleges and universities
have implemented online teaching tools as the central mechanism
for delivering all of their courses [1]. The strength of these tools is
their ability to provide the teacher and student with a great deal of
versatility within the learning environment. Unfortunately, they
do not provide a means by which a student may receive ongoing
personalized instruction. Teaching students on a one-to-one basis
significantly influences the degree of knowledge and skill retained
by the student; Bloom suggests that one-to-one tutoring is the most
effective strategy known, generally yielding two standard
deviations better performance than traditional instruction. He
suggests further that mastery learning approaches one-to-one
instruction in terms of measured learner gains [2].

This highlights the crisis in the educational community. In
order for students to reach their potential, they need individual
tutoring. However, due to a plethora of factors such as the
limitations of online teaching tools, financial considerations, and
sheer logistics, each student cannot be granted access to a
personalized human tutor for a consistent duration of time. After
all, traditionally there is only one teacher in a classroom of
students. So, what can be done to solve this problem? One
solution is to design and implement Intelligent Tutoring Systems
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(ITS). A generally accepted definition for an ITS is a system that
employs artificial intelligence methods to assist trainees to
improve their problem solving skills by monitoring their
reasoning, tracking errors to their source, and, based on the
diagnosis, providing advice and assistance to strengthen problem
solving skills [3]. ITS allows for more open-ended problems [3].

This paper presents an overview of the design and
development of the Java Intelligent Tutoring System, the research
methods used, and the findings. These findings include student
and faculty perspectives of those who used this ITS.

2. JITS DESIGN THEORY

The design of JITS primarily followed the ACT-R Cognitive
Theory for Developing Tutors. The first principle derived from
ACT-R (Architecture of Cognitive Tutors) is that it is essential to
define the target cognitive model as a set of production rules [4,
5]. Production rules are a set of IFF-THEN-ELSE constructs
which outline discrete knowledge components which collectively
represent the steps required for a student to reach a solution for a
problem. A typical ITS may have several hundred production
rules to effectively cover the domain and various states a student
may be in within a realm of feasibility and predictability.
Heffernan and Koedinger (2001) reinforce this principle: “Without
this [principle] one does not have a well-defined educational goal”
[6]. In other words, in the context of ACT-R, tutoring is assuring
students (a) construct the production rules, (b) practice the
production rules, and (c) remediate the errors in the production
rules. Additionally, it is a goal of the Intelligent Tutoring System
to guide the student towards a solution. However, it is not
mandatory that the solution be achieved by the student. In other
words, the ITS recognizes that the student may become frustrated
and not wish to continue. The ITS records the current state of the
student’s progress, noting the degree of learning that has taken
place even though a solution may not have been achieved.

The second principle concerns how these production rules are
to be communicated to the student [4]. According to ACT-R
theory, one cannot directly tell students the underlying rules [4, 7].
The goal for ITS is to provide a vehicle by which students
construct knowledge for themselves as opposed to having the
information told to them [8]. ITS need to communicate the
production rules to students by providing them with examples that
illustrate the rules. As a result, the most effective way for students
to construct knowledge is to acquire these rules as a by-product of
problem-solving. This form of experiential learning is an effective
way for students to construct knowledge and increase their
cognitive abilities [9].

The third principle of ACT-R theory is that one wants to
maximize the rate at which students have opportunities to form and
practice these production rules [4]. Based on other research by
ITS researchers, it was shown that what predicts students’ final
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achievement is how much practice they have had of these rules and
not how that practice occurs [5, 10]. Associated with the concept
that “practice makes perfect” is the corollary to minimize
floundering which is incorporated into many leading-edge
Intelligent Tutoring Systems. The basic idea is to reduce student
frustration during the problem-solving session and select problems
that offer practice on those production rules where students most
need practice [10]. A production rule in the ACT-R theory is a
statement of a particular contingency that controls behaviour in the
Intelligent Tutoring System. The following are two examples of
production rules:

Example 1:

IF the goal is to classify a person
AND he is unmarried
THEN classify him as a bachelor

Example 2:

IF the goal is to add two digits dl and d2 in
a column
AND dl + d2 = d3
THEN
write d3 in the column

A production rule is a condition-action pair. The condition
specifies a pattern of input symbols that must be present for the
production rule to execute. The action section specifies the action
that is to take place. A typical ITS may have hundreds of
production rules to encapsulate the knowledge of the domain of
instruction. For the design of the Java Intelligent Tutoring System,
the set of production rules is represented by the grammar of the
Java language coupled with custom production rules augmented to
the grammar.

The fourth principle of ACT-R cognitive theory for tutoring
deals with how to treat errors in student problem solving [4].
Anderson et al. base this principle on an earlier work in 1990,
which states, “people learn best when they generate the answer for
themselves rather than are told” [11]. However, the consequence
of letting people generate their own knowledge is that errors are
inevitable. Fortunately, there are four considerations outlined in
ACT-R theory that deal with error remediation [4]. First, many
errors do not reflect misunderstandings or lack of knowledge;
rather the errors are simply unintentional slips. The second
consideration is that people learn best when they construct the
knowledge themselves. This is analogous to hands-on training as
opposed to lecture-based teaching. The third consideration is that
a lot of time can be wasted when the student is floundering while
trying to solve a problem. This state is called an error state and is
not beneficial for learning. The fourth consideration is that when
students have problems with their knowledge, it is more effective
to provide another opportunity to learn the correct production.
Since the student does not need a deep appreciation of their error,
it is not effective for the ITS to expound on it [12].

The ACT-R Theory for the development of tutors has led to a
standard framework for the design and construction of Intelligent
Tutoring Systems. The goal of this framework is to ensure that
Intelligent Tutoring Systems will provide rich learning
environments for students that will support their cognitive
development in the specific domain of study in as effective means
as possible.
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Many researchers in the area of ITS support the following
steps to design and construct an Intelligent Tutoring System.
1. construct the interface;
2. define the production rules;
3. create the declarative instruction; and
4. set up the Instructional Agent to manage the curriculum
and engage the student through rich-interaction [4, 11, 12].

During the design of the Java Intelligent Tutoring System,
these steps were performed but in a slightly different order than
presented above. Due to the complexities involved with the way
in which JITS is designed, a massive amount of effort was spent
on step 2, that is, defining the production rules. This is because
JITS was designed to recognize any small Java program and offer
“intelligent” feedback when there is no authored solution
available. In other words, unlike other Intelligent Tutoring
Systems, there is no predetermined solution for each problem. As
a result, the focus of this step in the project was on compiler error
correction strategies which used extensive production rules in the
form of Backus-Naur Form (BNF) for the grammar of the Java
language. Once this was completed, the next step the researcher
pursued was Step 3.

Once the production rules were in place and validated, the
declarative instruction became the focus of the researcher.
Declarative instruction was designed and implemented by a series
of tutorial web pages with ease of navigation and quick reference
of paramount design consideration. More information regarding
this step is presented in the following sections.

In step 4 of the ACT-R theory recommendation, a prototype
for the Instructional Agent including a hint generation module was
designed and developed. Small curriculum modules were also
created to test the interaction between user and the ITS prototype.
After extensive testing of the prototype system, the last step for
design and development was the construction of the User Interface
(Step 1). Please see the corresponding section for more detail
regarding the design and implementation of the Java Intelligent
Tutoring System User Interface.

3. ERROR CORRECTION AS A DESIGN ASPECT

JITS is designed to provide extensive hands-on practice for
students learning Java in the form of attempting to solve
programming problems. All entry-level programming students
make syntax mistakes and logic errors. Thus, a module that
sophisticatedly determines the intent of the student and can
identify various types of errors that students make is a necessary
component for an ITS for the Java programming language.

While text correction is commonplace in word processors,
mobile phones, etc., it is not commonplace in the area of
compiling a computer program. When a person writes a program
in any language, it must precisely follow the syntax and grammar
rules of that language. Any mistake, even so minute as forgetting
a “;” will cause the program to fail compilation. This research
proposes an intriguing new use in teaching programming by
autocorrecting typical mistakes that beginner programming
students make. From a pedagogic/didactic perspective, support for
the beginner programmer when these types of errors occur can be
very helpful. Thus an error correction algorithm would be very
helpful for students. Reviews from the learning and teaching
science journals yields this to be true [9, 13]. As aresult, the Java
Error Correction Algorithm fits in this chosen theory.
Furthermore, based on the principles of the ACT-R cognitive
theory for developing tutors, the Java Error Correction Algorithm
also coincides with this philosophy [11, 14].

VOLUME 3 - NUMBER 5 ISSN: 1690-4524



4. JAVA ERROR CORRECTION ALGORITHM DESIGN

This section describes the design of the Java Error Correction
Algorithm (JECA). The design arose from research involving
decision trees, expert systems, and compiler tools [15]. It became
clear after preliminary research that JavaCC provided the best
features for the development of an error correction algorithm [16].
JECA is designed to consider three distinct cases:

CASE 1:  student enters perfect code and it compiles and runs;
CASE 2:  student enters code that needs modification but with
JECA changes will compile and run; and
CASE 3:  student enters code that needs modification but will
not compile regardless of all corrections employed by
JECA; however, suggestions are presented to the
student to bring the code to a closer state for

compilation.

The Java Intelligent Tutoring System’s intelligence is
accomplished by this embedded logic module (i.e., the Java
Error Correction Algorithm). This module performs a number of
operations behind the scenes. It implements a sophisticated
scanner and parser that autocorrects the student’s code when
appropriate as well as generates a number of parse trees that
have small permutations. This module then attempts to compile
the best trees to ascertain the most likely path the student
“intended” to follow. With this knowledge, JITS can efficiently
and effectively tutor the student. The goals JECA are to:

1. analyze the student’s code submission;

2. intelligently recognize the “intent” of the student;

3. “auto-correct” where appropriate (e.g., converting “While”
into the keyword “while,” “forr” into “for,” etc.);

4. learn individual student’s misconceptions, and categorize
the types of errors s/he makes;

5. produce a “modified code” that will compile (or bring the
code closer to a state of successful compilation); and

6. prompt the student programmer for information when
necessary via well-defined hint support structures.

JECA, combined with a well-defined student modeling
mechanism and dynamic hint generation capabilities, enables
JITS to significantly improve the performance of beginner Java
programmers. The algorithm used by JECA is presented below.

1. Create a copy of the student’s submission (i.e.,
“modified_source”).

2. The scanner examines the student’s code and attempts to
extract a token. Let S be the stream of characters to be
validated as a token.

3. A validation process ensues in which comparisons are done
using the reserved words and keywords of Java (Table 1),
extended keywords (Table 2), and previously declared
identifiers.

4. For a given identifier, if the scanner discovers, within a
certain threshold, that S can undergo transformations to
convert S into a valid token (i.e., a reserved word or keyword,
an extended keyword, or as a previously defined identifier),
then it will do so. However, if the scanner determines that S
is sufficiently different from all of the items previously
compared to, then it will be left unchanged (i.e., it will
remain as a new identifier).

5. Update the modified_source code to reflect these changes and
the newly constructed token is submitted to the parser.

6. Repeat 1 through 4 until all input from the student’s source
code has been processed and the parser has completed the
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construction of the parse tree representing the
modified_source code.

7. Try to parse and compile the modified_source code. If the
compilation succeeds, then relay the modifications performed
to the student in order for them to correct their code and stop
processing.

8.  If the previous step fails, then extract information regarding
why it failed and set up a competition of permutated parse
trees containing insertions, deletions, and replacements at the
problem area.

9. Run these permutated trees through the parser. The goal of
this stage is to determine if the specific problem where the
parse failed has been corrected.

10. Select the “best tree(s)” and compile these. The “best tree” is
defined as the tree that allowed the parser to successfully
consume the largest number of tokens compared to the other
trees in the competition.

11. If one or more of these trees successfully compiles, then
present this information to the user, indicating the changes
made to the student’s source code.

12. If none of the trees successfully compile then present the
information to the student regarding the selection of the best
tree.

13. Let the student respond/make corrections to the source code.

14. Repeat the process from 1 to 13.

The algorithm employed by JECA is presented in flowchart
form in Figure 1 and Figure 2.

Table 1. Java Reserved Words and Keywords

abstract | else interface | super
boolean extends long switch
break false ° native synchronized
byte final new this

case finally null * throw
catch float package throws
char for private transient
class goto ° protected | true ?
const ° if public try
continue | implements | return void
default import short volatile
do instanceof | static while
double int strictfp ©

Note.  ® true, false, and null are reserved words.
Pindicates a keyword that is not currently used. Cindicates a
keyword that was added for Java 2

Table 2. Extended Java Reserved Words and Keywords

Boolean

Character

Number

Byte

Double

Float

Integer

Long

Short

String

StringBuffer

SYSTEMICS, CYBERNETICS AND INFORMATICS

Note. This list is a subset of the objects defined in java. lang.*

VOLUME 3 - NUMBER 5 51



Student’s source
code

Create a copy
(modified_source)

Scanner
ava grammar’

identifier token
is found

Perform check against
java keywords

look like an

Pass to parser Update
no™ e ord"?token — modifed_source —»@
identifier? yw code

yes

Perform check against
extended keywords

Pass to parser Update
look like an now| p — modifed_source
X o the correct token
dentifier? code

yes

Perform check against
previously declared identifiers

Pass to parser Update
no-» .. o p —»{ modifed_source
identifier” token code

like a uniqu
identifier2

yes

Pass to parser the identifier
token

Update
modified_source
code

o

Figure 1. First Component of JECA — Scanner Correction
Activities.

5. JAVA INTELLIGENT TUTORING SYSTEM DESIGN
AND ARCHITECTURE

The design of the Java Intelligent Tutoring System heavily relied
on JECA to provide the necessary information in order to offer
suitable feedback to the student programmer. However, there were
a number of factors that were considered in the design of JITS
beyond what JECA offered. The two main perspectives that were
considered in the design of JITS were both the student and the
instructor perspectives. In order for an ITS to be successful in
today’s e-learning society, JITS was designed with the following
qualities.

Student Perspective

The following qualities were deemed important in the design to
satisfy students and were part of the desired list of criteria in the
design of JITS:

52 SYSTEMICS, CYBERNETICS AND INFORMATICS

Modified source
code

Try to compile

modified code

Relay appropriate
yesw message to student (i.e., —»@
identifier correction(s))

Run it through parser

no
v

Relay appropriate
yes» message to student (i.e., —»@
identifier correction(s))

no
v

Setup a competition of
permutated parse trees
containing insertions/
deletions/replacements

v

‘ Run them through parser ‘

}

‘ Select the “best trees” ‘

Compile the
“best trees”
Relay appropriate
no—l messaggto student (i.e.,
all corrections made to the
“best trees”)
yes
v
Relay appropriate

message to student (i.e.,
grammar correction)

Figure 2. Second Component of JECA — Parser Correction
Activities.

1. provide an easily understood, student-friendly user interface
that provides all the necessary features for effective ITS
tutoring;

2. provide access via an ordinary browser;

will not need a high-speed internet connection (i.e., dial-up

connection will work fine; thus, students in remote locations

have full access to this resource);

4. process student’s code submission and respond quickly to the

student;

support many students concurrently working with the ITS;

6. engage the student by communicating in a clear and concise

personalized fashion (e.g., unique hints and error messages

for each student);

track student performance in a database (e.g., ORACLE); and

8. model the user as s/he works through a problem.

w

o

~

VOLUME 3 - NUMBER 5 ISSN: 1690-4524



Instructor Perspective

The design of JITS also considered the instructor perspective.

The following factors were important in meeting the needs of

teachers using this ITS.

1. requires the author of the problem to provide minimal
information (e.g., problem statement, program requirements,
and required output);

2. the author of the problem does *not* specify any solutions
(this is based on the premise that for a given programming
problem there may in fact be numerous solutions);

3. JITS must be able to recognize a very large number of
possible solutions for a particular programming problem;

4. student performance information should be easily accessible;

5. an instructor-friendly, web-based user interface to author
problems (i.e., Authoring Tool).

This section includes the JITS User Interface, the JITS
Authoring Tool, and a description of the web-based infrastructure
architecture.

6. JITS USER INTERFACE

The JITS User Interface (Ul) is comprised of a number of
interrelated modules: the main programming IDE, the tutorial
window, and the image viewer. JITS also includes support for
professors to create and manage problems via the JITS authoring
tool. Figure 3 depicts the current version of the JITS user
interface.

The first section (i.e., label 1) presents a personalized
welcome to the student logged in.

Label 2 presents a note relative to the current state of solving the
problem at hand. In this section, notes are dynamically created
by JITS that are personalized to each student. Label 3 presents
the problem template structure including the problem statement,
the problem specifications, and the required output. This
section also draws reference to the problem number out of the
total number of problems available in this programming topic.
At the end of Section 3, a link (i.e., label 4) is provided to a
picture if the problem has a visual component (i.e., an equation
or relevant drawing) to assist the student in more clearly
understanding the problem (see Figure 4). If the student clicks
the link, the picture is shown in a separate window to allow the
student to refer to the picture while at the same time working
with the main JITS user interface. Label 5 shows the template
provided by JITS for each problem in the system. Label 6
presents the editing region where the student types his/her
solution. Label 7 depicts the various buttons which the students
use to interact with JITS. Buttons include “Submit” to submit a
solution to a problem and to receive feedback. “View Top
Hint” and “View All Hints” buttons are the means by which
students can see the hints the JITS provides. The “View
Solution” button provides potentially various solutions to the
current problem. The “Previous Problem” and “Next Problem”
buttons are used for navigating within a problem set. The “My
Performance” button yields detailed information about the
student’s performance including problems solved, problems
attempted, the number of attempts for each problem, and
comparison information to the “average” JITS student.

()

the cads area. Flaase iry again.

Program Specifications:
Thus program requires the use of a fanction. A skeleton structure of the selution 13 given. You need to declare the

Required Output:
|_Result= 10000

publie class Power {
public int powergen(int num) {

varighle: result View the image for this problem@

Power p = new Power():

’; Java Intelligent Tutoring System - Microsoft Internet Explorer ;IEIEI
File Edit Wiew Favorites Tools Help | J'J'
7 \ A P b \ Lo
OBack > B I_Ll Igl |, Search ¢ Favorites 6‘ | T R - . .4’5
Address I%:] http:f/layalty sheridanc.an, cafiits. jsp j a Go | Links |@ - | gmpisen, o I =
1 11 )<

Java Intelligent Tutoring System

NOTE: You have attempted this problem 4 times. Tou have naf yet solved this prahlem. Your last aitempt is presenied for you in

Problem: (3 of 5) in Problem Set # 2 {Topic: Java Siatemenis)
TWrite a program called Power Generator which caloulates the result of a number multiplied by itself’

5 return num * num;
( }
public static void main(3tring [] args) {

Welcome sykes! | Help Me

ogramming Topics

Jawa Basics
Jawa Staternents
If staternent

Take me there

double resultc
p.powergen(19);

il

@ Wiew the Tutorial
=l .

52

System.out.println("Result = " + result);
} =)
-t
Subrnit | ey Tap Hint | e All Hints | “iew Solutian |
@ Frevious Problem | MNext Froblem | My Performance | Exit @

| OUTPUT: () "

&l \S/ T T [ [meenet 4
Figure 3. Main screen of the JITS User Interface.
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=— radius —T

ln’ rh
3

Volume:

Close the Image Viewer.

@oore| [ [ [ | [# intemnet

N Kl

Figure 4. JITS Image Viewer depicting the image for the
current problem (popup from the JITS User Interface).

The tutorial window may be viewed at the same time as the
student is working with the main JITS user interface (i.e., the
tutorial may be referenced while working on a problem in JITS).
See Figure 5 for the Tutorial Window.

Links are provided in the “My Performance” output for rapid
access to any problem the students wishes to retry (see Figure 6).
Label 8 shows where the majority of the responses from JITS are
presented. Information such as hints, solutions, performance
scores, and errors are all shown in this area of JITS. Label 9
presents the choices of the various programming topics that the
student may choose. The “Take Me There” button is used to bring
the student to the selected programming topic.

Label 10 presents the “View the Tutorial” button, which
launches the JITS Tutorial window.

=10/

3 http:/ /loyalty.sheridanc.on.ca - Java Intelligent Tutoring System — Tutoria

Programming Topics Seiect the tutorial topic you would would ke to view.

Java Basics
Java Statemnents
It staternent

“iew the Tutarial Close the Tutorial

Java Basics

This section describes some of the basic features of Jawa. Java syntax is loosely based on
the programming languages C and C++. o, ff vou know C or CH you will find Java
quite straight forward to learn. I you have programmed in another language you will be
able to draw from your experiences and leamn Java quite easily,.  All begmners learn to
write a program which displays "Hello World" to the sereen:

//Hello world program in java
public class Hello_world
{
public static void mainiString[] args)
{
System.out.println("Helle World"):
+
+

= . ST RN U I

The followng section explains this first example. Java 1z case-sensitive --

this means that "Hello_World", "hello_world", "Hello_world" are all different and

[&] pone [ T | |4 ntemet
Figure 5. JITS Tutorial window displaying a sample tutorial

from the list of Programming Topics.

=
4

Label 11 shows the “Help Me” button, which opens a
separate window displaying the screenshot of JITS with labels to
all of the components in JITS. The purpose of this window is to
orient new users of JITS so that they feel supported and can
more quickly become productive in this Intelligent Tutoring
System. (See Figure 7 for the “Help Me” window.) Label 12 is
the “Exit” button. This button brings up a screen which thanks
the student for trying out the system and performs some system-
wide cleanup procedures behind the scene.

| Protilem | Problem Set Solved? Solution Viewed? Average Student
1 1 No -- 13 attempts so far. Yes. 2 attempts to solve. Review Problem: 1 of set: 1
2 3 No -- 1 attempt so far. No. 2 attempts to solve. Review Problem: 2 of set: 3
1 4 Yes ! It took 5 attempts. No. 2 attempts to solve. Review Problem: 1 of set: 4
1 6 No -- 3 attempts so far. No. 2 attempts to solve. Review Problem: 1 of set: 6
3 6 No -- 1 attempt so far. No. 1 attempt to solve. Review Problem: 3 of set: 6
1 7 Yes ! It took 2 attempts. No. 1 attempt to solve. Review Problem: 1 of set: 7
2 7 No -- 1 attempt so far. No. 1 attempt to solve. Review Problem: 2 of set: 7

Figure 6. “My Performance button” output showing performance and links to previously attempted problems. Different font styles,
emphasis and the use of colour distinguishes solved problems from unsolved problems.

SYSTEMICS, CYBERNETICS AND INFORMATICS
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of sections as seen below,

3 http:/ /loyalty.sheridanc.on.ca - Jawa Intelligent Tutoring System -- Help - Microsoft Internet Explorer

Help with the Java Intelligent Tutoring System (JITS)

The Java Inteligent Tutormg System 15 mtended to be used by begmner Java programrmng stadents. The User Interface 13 dinded mto a number

Problem Sets

= the eods area. Ploass try again.
contain Problems.

1in the while-loops
problem set Program Specifications:
Keep in mind the the code to complete thas program.
required output. Required Output:

This is what your e Sw=45

program needs to public zlass Summer {
produce.

int sum = 0:

R v It ellgent Tutaring Systern - Micrasolt Inbernet Exglorer =100
>
This message area ENEE I q.w. Lt . e~
informs you of your  [@2¢ ~ © - [s] 2] €a| Owed jerems &) 3- 5 @ -[J 4 3
stalus in solving the Ackiress [ ] betn: 24, 57.167.1 07-59081 TITS-Projeck | -Contet orodk 5 45 = Do |nks| ¥ - | e - | =
current problem =
Welcame sykes!
\ Java Tncelligent Tutaring System

NOTE: Yow fave tried this problem onlyonce. Fou Rave not yer solwed tie probiem. Your lost attempt is presented for yod i

Here the student is
working on probléIP|  Froblem: (Lof#in Problem St 46 (Topic: while oopy)

Wiite a progeam called Summer which adds all the integes abers from 1 to a specilied mumber (). For
exaple, if 1 were assigacd the value 10, then the sum of the mabers from 110 10 is 55

Thes program requares the use of a whie loop struchure. A skeleton structure of the sohibon s geen. Film

public static void main(String (] args) {

Programming Topics

Type in ypur .
solution Here.
L

System out.printla(“Sum = =

=

}

+ sum);

Jevvn Basics
Pttt To change to a different
forloops, Problem Set, select it, i
owhile loops "
while I‘ans ? click 'Take me there”
arays
Take me thete
Wiew the Tidorial
=
The tutorial explains the
;I" Programming [[opics and
provides code|gxamples

that will help ypu in solving
the: problems.

Click the“Submit‘buﬂon’ Submi | Vi | e |

MyPedfomance | Bt |

submit your solution to

whemn you are ready to & | MestProblem |
JITS. OUTFUT: l\-

This Output Area displays the
output of your program, hints,
and other messages.

»

Important Notes:

Close the Help Window.

al

A )KJ —

Navigate through the problem set by "Previous™ and
“Mext” Problem buttons. Make sure to Click "View
Hints" when yau encounter problems. If you get
really stuck you can click the "View Solution” button.

Read each question carefully. Y our program must use the correct constructs and produce exactly what the required program output states.
Remember to use the "View Hmnt" buttons for gmdance from JITS. IFyou get really stuck use the "View Selution” button.

\

You can see your individual
performance by clicking:
"My Performance”

. all

|@ Done

[T [emens

Figure 7. JITS’ Help screen is used to assist new users to become oriented with this ITS.

7. JITS AUTHORING TOOL

An authoring tool is currently being developed which provides the
teacher with a convenient means to add problems to the database
for JITS to use. This is a very easy process because the teacher
only needs to provide the following information:

a) the problem statement;

b) the problem description;

c) the required output; and

d) the skeleton structure of the program.

As a result, the JITS authoring tool is intended to be

extremely user-friendly and easy to add many problems of various
levels of difficulty.
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Once the teacher has submitted the problems they are immediately
available to JITS and thus students of the system.

The Authoring Tool provides a means to view the all the
problems in the lesson set and edit selected problems [17]. In the
Java Intelligent Tutoring System, the author of problems does not
provide a solution.

JITS carefully scrutinizes the student’s submission based on
the problem description, specification, required output and
template code is used by JITS uses to determine the appropriate
feedback to the student. This ensures the greatest degree
independent knowledge creation for each student [6, 18].
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Once the professor is properly authenticated to the system via
login screen, the JITS Authoring Tool User Interface is presented
as shown in Figure 8.

8. INFRASTRUCTURE DESIGN

The infrastructure design for JITS draws from the area of
leading-edge techniques and technologies for multithreaded
distributed concurrent e-learning application designs. The
Model-View-Controller (MVC) design pattern was used to
ensure that concurrency and robustness would be provided by
JITS. The MVC contains three main tiers: the client’s browser,
the middle-tier, and the database-tier.

By design, there were no restrictions placed on the browser.
In other words, JITS was designed to work with any browser, and
no custom installed client software of any sort was required. The
middle-tier is a server running a TomCat web server, currently
equipped with 4GB RAM and 2 Pentium-1V processors. The
database-tier is a separate server running ORACLE. The initial
JITS database schema was designed to support the core
functionality of JITS consisting of 3 tables: student, problems,
and student_problems. The student table contains information

regarding each student in the system such as student name,
password, current problem, etc.

The problems table contains details regarding programming
problems wused by JITS such as problem description,
specifications, templates, etc. The student_problems table is an
intersection relation representing details regarding each student’s
attempt at a problem.

The Model-View-Controller design pattern was a core
component to the design of JITS. Figure 9 depicts the MVC
design pattern. First the student makes a request (via HTTP in the
browser). The Controller module receives the request and
performs operations that include instantiating JavaBeans. These
beans are used to model the student as s/he works with JITS. The
collection of these beans represent the model of each student in
JITS. During specific operations, beans may need to retrieve
information from the JITS database schema (e.g., to select a new
problem or retrieve solutions to a problem, etc.). These data are
stored in the ORACLE JITS database schema represented in the
figure as the Enterprise Information System (EIS). The
information is gathered up and processed by the bean, which then
forwards it to the View component (i.e., the Java ServerPage
[JSP]), which then formats it appropriately for the student in the
JITS user interface and returns it to the student’s browser.

a Java Intelligent Tutoring System Authoring Tool - Microsoft Internet Explorer - |E||5|
File Edit ¥iew Favortes Tools Help | l’:'
\_)Back - \_) - Ij IEL‘ ;\l | /r ) search \:\T«’ Favirites @Med\a 6‘-‘!| =NE 4"
Address I@j http:fi24.141,104,219:8988/ ITS-Project 1 -context-rootfjits _authoring, jsp j Go ‘Links 54 @ -
Java Intelligent Tutoring System Authoring Tool Welcome Sykas !
Problem #: 2 of 4
Problem Description:
Write a program called Fact which calculates the factorial for a specified d
nurber (N). For example, if N were assigned the wvalue 4, then 4! = 24,
Program Specifications:
This program reguires the use of a for-loop structure. R skeleton structure of ﬂ
the solution is giwven. Fill in the code to complete this program.
Required Catput:
Fact = 24 =]
Top Section of Code Template:
public class Fact | ﬂ
public static woid maini(String [] args) |
int fact = 1;
Bottom Section of Code Template:
} -
|
Subrnit I Previous Problem | MNext Problem Edit this Problerm Create New Problem | Exit |
|@ Done ’_’_’_‘Q Internet v
Figure 8. JITS Authoring Tool User Interface.
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Figure 9. Model-View-Controller (MVC) design pattern implemented in JITS.

Hint Generation

An additional design consideration is the categories of hints that
are generated by JECA for JITS. There are a number of different
categories of hints that may be created as a result of the student’s
code submission. They are presented in Figure 10.

A KEYWORD_REPLACEMENT_HINT arises from a situation
where the student typed in a suitably close representation to a Java
keyword. For instance, if the student typed in “Cases,” this
would be interpreted as the keyword “case.” An
EXTENDED_TYPE_REPLACEMENT_HINT is when the student
wrote “interger” which will interpreted as “Integer’-the
jJava.lang. Integer data type. An
IDENTIFIER_REPLACEMENT_HINT is used in the situation
where a suitably close match to an existing identifier has been
found.

KEYWORD_REPLACEMENT HINT = 1;
EXTENDED_TYPE_REPLACEMENT HINT = 2;
IDENTIFIER_REPLACEMENT_HINT = 3;
GRAMMATICAL_HINT = 4;
CLOSE_BUT_LOGIC_ERROR = 5;
SUCCESSFULLY_SOLVED_PROBLEM = 6;
GENERAL_HINT = 7;
OTHER_TYPE_OF_HINT = 8;

Figure 10. Hint categories.

For example, consider the following snippet of code:
float my_float = 3.1415; // declaration
my_flot = my_ floatt * 2; // and use

There would be two IDENTIFIER_REPLACEMENT_HINTS
generated for this section of code:

Identifier Replacement Hint:
Would you like me to replace ""'my_flot" with "'my_float"'?

Identifier Replacement Hint:
Would you like me to replace ""'my_floatt™ with **'my_float"?

A GRAMMAT ICAL_HINT is generated when the parser fails on
a specific production in the modified Java grammar. Specific
information regarding the error is recorded in a Hint object (e.g.,
_offending_token, and corrected_line_of_code).
The last two types of hints are GENERAL_HINT and
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OTHER_TYPE_OF_HINT. GENERAL_HINT is used when the
student is far from the solution path and needs to be realigned with
the program statement and program specifications for the posed
problem. If the student’s code compiles but produces output that is
not the same as the required output, as specified in the problem
statement, the CLOSE_BUT_LOGIC_ERROR is used. The term
“close” in this expression is intended to convey that the student is
on the right track in terms of using the correct constructs, and code
compiles and generates output that is reasonably “close” to the
required output for this specific problem. When this type of error
occurs, JITS, via an Al_Module, investigates what the logic error
is and generates an appropriate hint. When the student solves the
problem the SUCCESSFULLY_SOLVED_PROBLEM hintis used.
Last, OTHER_TYPE_OF_HINT is reserved for future research.

There are several pieces of important information represented
in a Hint object. (See Figure 11 for an illustration of a Hint
object.) The _type member corresponds with one of the six
types of categories of Hints currently supported in JECA. The
_col and _line members specify where the error occurred. The
_line_of_codeand _error_pointer represent the source
code and the exact location of where the error occurred. There are
two tokens to assist in identifying where the error occurred in
terms of the tokens. _offending_token represents the precise
token the parser failed on, and
_previous_to_offending_token represents the last
successfully parsed token during parsing. The _hint member is
a String summarizing the actual hint relying on the values of other
data members in this object. It is intended to be used during the
feedback process during student tutoring. The last member of the
Hint class is the _confidence, which will be assigned an
integer from 1 to 10. A confidence value of 1 indicates a high
level of certainty, indicating the suggested hint is correct and will
bring the student closer to a compiled program. On the other hand,
a confidence value of 10 indicates uncertainty on behalf of the hint
generated. In these situations, the student will have to use their
own judgment based on the detailed information provided to them
by the Hint objects, namely the data members, _type, _col,
_line, _line_of _code, _error_pointer,
_offending_Token, and
_previous_to_offending_Token.

An example follows to illustrate these design aspects of the
proposed error correction algorithm.  Given the source program
depicted in Figure 12, JECA would modify the program and
generate the following three Hint objects.
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Hint

“type [ IDENTIFIER_REPLACEMENT_HINT

_col
_line

_line_of_code [return Fact(n-1) * nn; |

_error_pointer | A |

_offending_Token
_previous_to_offending_Token

_corrected_line_of_code [ return fact(n-1) * n;

- Identifier Replacement hint: Look near line: 5
_hint | column: 12. Look between the "return” and
the "(n-1)"

_confidence

Figure 11. A JECA Hint object encapsulating identifier
replacement error and remediation information.

public class Factorial {
public static void main(String args[] ) {
System.out._printIn(*22! is ” + fact (22) );
¥

public static long fact (long n) {
if (n=1)
return 1;
else
return Fact(n-1) * nn;
b

Figure 12. Factorial program with grammatical errors and
syntax errors (emphasized as boldface).

JITS then takes these hints, and, in accordance with the
Al_module, offers the most suitable feedback to the student. The
Hint objects are displayed below for the Factorial problem (Figure
11) is presented below.

1. Grammatical hint: In the line: “if (n=1)..."
Look between the 'n** and the ""1"'. Suggestion:
“if (n==1) ...”

2. Identifier replacement hint: In the line “return
Fact(n-1) ...” Suggestion: replace “Fact” by
“fact”

3. ldentifier replacement hint: In the line “return
Fact(n-1) ...” Suggestion: replace “nn” by
“p

9. METHODOLOGY AND PROCEDURES

The methodology employed in this research is supported by two
distinct research components. The first component is related to the
manner in which JITS was designed and constructed. In this
research section, students and professors using the prototype JITS
offered suggestions and comments for the improvement of JITS.
The new knowledge was fed back into the redesign and
construction of JITS. Beyond the initial development of JITS, a
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cyclic process was used: design, develop, test, modify, redesign,
redevelop, retest, etc. This research methodology involved
qualitative instrumentation including observation, surveys, and
personal interviews. The goal of this methodology was to improve
JITS.

The second component of the methodology is related to the
manner in which JITS was evaluated from a quantitative
perspective. The research methodology for this section involved
an experimental design with repeated measures. The results from
this section of the research is not presented in this paper.
However, the qualitative evaluation of JITS is presented from two
distinct perspectives: students and professors.

Subjects

The population of this study was students across the province
taking a comparable course in programming. The sample in this
study was the students in their first year of college taking a
beginner Java programming course at the Sheridan Institute of
Technology and Advanced Learning. During the summer of June
to August 2004, there were two such classes taking this course.
One class was located at the Davis campus. This class was the
experimental group (i.e., JITSC). The other class was located at
the Trafalgar Road campus. This class was the control group,
which consisted of 23 students. One professor taught both classes
for the first 7 weeks. After a midterm break for week 8 in the
term, another professor took over and taught both classes for the
remainder of the term (i.e., for the last 7 weeks). Fourteen
students consented to try the Java Intelligent Tutoring System (i.e.,
JITSC). Approximately every week, % to 1 hour long sessions
were conducted by the researcher to elicit specific information
about their experience with the Java Intelligent Tutoring System.

A similar study was conducted during the fall of September to
December 2004. During this period there were two instructors
teaching a first year Java programming course. Instructor “A” had
two classes; the JITSC group consisted of fourteen students, and
the C group consisted of 25 students. Instructor “B” had three
classes; the JITSC group consisted of fourteen students, the C1
group consisted of eighteen students, and the C2 group consisted
of 23 students. Both instructors taught for the entire semester (i.e.,
14 consecutive weeks). Every week, ¥ to 1 hour long sessions
were conducted by the researcher to elicit specific information
about their experience with the JITS.

During both time periods (Summer and Fall 2004) the JITSC
group were talked to and observed during the %2 to 1 hour long
sessions.  Additionally, many JITSC students emailed the
researcher with comments and suggestions for improvement. The
manner in which students were interviewed was primarily
individually based; however, there were some occasions when an
issue was raised that were a shared concern among several
students. The total number of students involved in this entire
research project (i.e., all JITSC students) was 14*3 = 42. The kind
of note taking procedures were observations recorded in a
researcher’s log book. Such observations included information
regarding individual student’s progress through a specific
programming problem in JITS. For example, the programming
topic, the problem number, types of mistakes and errors, and JITS’
response to the student were all recorded in the researcher’s log
book.

Professors were also selected to participate in this study.
The selection of professors was based on a number of factors
including their knowledge of the Java programming language,
level of course offerings, and interest in offering critical
opinions on the Java Intelligent Tutoring System. A total of 4
professors were selected for this study.
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Statement of Procedures

An interview-style survey sheet was constructed to aid in
gathering input from students in the JITCS groups and
professors. The survey included six open-ended questions to
facilitate a great number of perspectives and opinions. One of
the measurement instruments for this component of the study
was this survey, depicted in Table 3. By presenting the survey
to students and teachers who have used JITS, feedback
representative of these two perspectives was gathered.
Additionally, the researcher often visited the classroom to
informally assess JITS. Between % hour and 1 hour per week
was spent with students and professors, who offered important
suggestions for improving JITS. This information was recorded
in the researcher’s logbook. This form of data gathering proved
to be the most effective way of receiving feedback from students
and instructors for the refinement and improvement of JITS.

10. FINDINGS

Overall, the students found the Java Intelligent Tutoring System
enjoyable, beneficial, and useful. Table 4 depicts the summary

Table 3. Qualitative interview sheet

statistics of the qualitative survey from the student’s perspective.
It can be seen that JITS performed above average in all categories
and scored the highest in two categories: “Usefulness”, and “Ease
of Understanding Tutoring Style”.

Table 4. JITS Qualitative Summary Results for Students

JITS Qualitative Summary Results — Students

1. USefulness......ccooovniiiiiiiiiiiiiieieeeans 71%
2. Beneficial .......coooviiiiii 64%
3. JITS is better than a traditional classroom...... 36%
4. Ease of JITS Tutoring Style...................... 79%
5. Enjoyable.........oooiiiiiii 79%
6. LearnBetter..............ocoiiiiiiiiiiiii 71%

The Student’s Perspective
All of the students enjoyed working with JITS. Many voiced they
are pleased with the following:

1) Feedback mechanism — It provides hints quickly and to the
point. The hints are also not overwhelmingly complicated —
quite unlike traditional compilers.

most appropriate response based on the following scale:

Qualitative Project Interview
| am conducting a survey of those participants who were taught using the Java Intelligent Tutoring System at Sheridan. The information gathered from
our interview will be used for my research. This involves determining the effectiveness of learning in this environment. For each question select the

1 = strongly favorable to the concept, 2 = somewhat favorable to the concept, 3 = undecided, 4 = somewhat unfavorable to the concept, 5= strongly
unfavorable to the concept. The following questions will be asked during the interview.

1. How do you rate the Java Intelligent Tutoring Systems usefulness?
Very Useful Not Useful
1 2 3 5
Comments:
2. Do you feel the Java Intelligent Tutoring System is beneficial to your studies? List and explain the advantages/disadvantages of this learning
environment.
Very Beneficial No Benefits
1 2 3 5
Comments:
3. Compare JITS with a traditional classroom. Do you feel JITS is better or worse than an ordinary classroom teaching environment? Identify
any similarities and differences between a traditional classroom experience and the JITS learning experience.
JITS is much JITS is much
better than worse than
traditional traditional
classroom classroom
1 2 3 5
Comments:
4. How do you rate the ease with which you use and understand the tutoring style of the JITS?
Very easy Very difficult
to use & understand to use & understand
1 2 3 5
Comments:
5. Have you enjoyed JITS? Explain why or why not.
Very Enjoyable Not enjoyable
1 2 3 5
Comments:
6. Do you feel you learn more detailed information or about the same as a regular classroom when using JITS? Explain why or why not.
Learn Better Learn the same
1 2 3 5
Comments:
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2)  One student stated, “[JITS] tells me the exact spot in the code
where | need make my correction — | like that. | wish other
systems would do that.”

3) JITS helps students solve syntax and logic errors while
developing a solution to a problem. One student stated, “I
am definitely learning better in this environment than in a
traditional environment.”

4) Integrated Development Environment - similar to
professional programming environments.

5) Many students stated that they felt JITS was very useful
since it is available 24/7 and all a student needs is a browser.

6) One student said, “Can we have this system in our course
from now on?”

The Professor’s Perspective
The section summarizes the views of Professors involved in this
study. Table 5 shows the statistical results of the interviews.

Table 5. JITS Qualitative Summary Results: Professors

JITS Qualitative Summary Results — Professors
1. Usefulness......coooeviiii i 100%
2. Beneficial ..o 75%
3. JITS is better than a traditional classroom...... 25%
4. Ease of JITS Tutoring Style...................... 75%
5. Enjoyable.......ooiiiii i 75%
6. Learn Better............ccccviiiniiiii i, 75%

Many Professors said they are pleased with JITS in the
following ways:

1)  One Professor stated, “The embedded logic unit called JECA
is a sound tool - it picks out the most significant error the
student need to focus on. 1 feel the student is developing
core programming debugging skills with JITS.”

2) Integrated Development Environment - similar to
professional programming environments.

3) Many Professors said that they would like to use JITS to
augment their existing Java courses. They felt that JITS
provides a means for students to receive extra tutoring when
the Professor is not available.

4) One Professor said, “The quality of tutoring that JITS
performs is comparable to a human tutor.”

5) All of the Professors said that they liked the fact that there
was no client installation required for them or their students.

6) Many Professors were happy that JITS was available 24/7.
This makes it easier for students to work on problems at their
own time and at their own pace.

One Professor suggested that JITS could produce a report
representing the student’s performance over a period of time.
This would also be helpful to identify students who need
additional assistance. It could also be used to identify those
students who are doing extremely well and may be interested in
more challenging problems.

All of the Professors enjoyed using the JITS Authoring tool.
Although still under development, the prototype made Professors
aware that they can easily create, edit, and review problems. Once
the problems have been added they are immediately available to
their students. A second benefit Professors stated was the fact that
they needed only a browser to access the Authoring tool and JITS.
Custom client installations are not required to use the Java
Intelligent Tutoring System and the Authoring Tool. The majority
of Professors in this study felt that this 24/7 access from any
Internet connection was a very good feature.
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11. CONCLUSIONS

The Java Intelligent Tutoring System prototype has been a
success. JITS was met with interest by students and Professors
alike. After trying numerous problem sets with several groups of
students and Professors, they were happy with the performance of
JITS. The various issues and suggestions raised by students and
Professors are being reviewed. For instance, the researcher is
currently investigating video-streaming as an instructional aid and
enhanced logic support for students while working on solving a
problem. Integration of some of these requested features will be
available in the future releases of the Java Intelligent Tutoring
System available soon.
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