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Abstract

Teaching introductory programming has challenged educators for decades. Of the
many suggested methods of improving the teaching process, individual tutoring has
proven to be very effective. However, individual tutoring with human tutors requires
a large amount of resources and is therefore impractical to use with the vast number
of students who want to learn programming. A viable alternative is to use Intelligent
Tutoring Systems (ITSs) for this purpose. Although some ITSs have been built to
teach programming, none have been developed to address the subject of web
programming, which is becoming increasingly popular. This thesis addresses this
gap by designing, building and evaluating an Intelligent Tutoring System to teach
web development using PHP.

Any system that teaches programming needs to provide practical exercises for the
students. In order for the students to learn from the system, it is necessary for them
to receive feedback on their solutions to the exercises. A major challenge here is that
a programming problem rarely has a unique solution. For a system to be effective, it
is necessary that it be capable of handling many alternative solutions to a given
programming exercise. This thesis concentrates on achieving this objective using the
theories of artificial intelligence. The system converts the student’s solution into a
set of predicates. These predicates are then compared against an overall goal which
is also depicted as a set of predicates. Any missing predicates are used to identify
sub-goals of the programming exercise that are not met and to provide relevant
feedback.

The PHP ITS customises the instructions for individual students by providing
guidance for each student on the next best exercise he/she should attempt. This is
done by dividing the subject matter into topics and storing a probabilistic estimate as
to each student’s current knowledge of that topic. The estimates are updated based
on each solution that the student submits for the exercises. The knowledge level of
each topic and the topics covered by each exercise are utilised to find the exercise
that has the least number of topics that are not known to the current student. This
ensures that the student will learn something new by attempting this exercise, while
reducing the amount of new material so as not to overload the student.

These concepts were used to build a web-based Intelligent Tutoring System. The
system was evaluated on two sets of students at the Queensland University of
Technology. The students were given a pre-test to measure their knowledge of the
subject matter. Then, they used the system for six weeks during their own time to
solve exercises. Finally, they were given a post-test to gauge whether their
knowledge had improved. They were also given a questionnaire to measure their
acceptance of the system.

The results of a paired t-test showed that the student’s knowledge increased
significantly as a result of using the system. They also showed that the system’s
gauge of the knowledge level of each student was successful in predicting their final
test scores, indicating that the gauge was fairly accurate. Analysis of qualitative data
also showed that the students were relatively satisfied with the system overall.
Although it is possible to improve the system further, the evaluation process showed
that the PHP ITS can be used effectively to teach PHP web development to beginners
in web programming.
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Chapter 1: Introduction

This chapter outlines the background (Section 1.1) and context (Section 1.2) of
the research, and its goals and objectives (Section 1.3). Section 1.4 describes the
significance of this research. Section 1.5 identifies the scope of the thesis. Finally,
Section 1.6 includes an outline of the remaining chapters of the thesis.

1.1 BACKGROUND

Programming is a fundamental component of any Computer Science course. It
is also incorporated into many other disciplines such as Business, Finance and
Accounting due to its widespread use in industry. However, many beginning
students find programming a very difficult subject. This is shown by the fact that
many students either drop out or fail programming courses (Miliszewska & Tan,
2007).  Therefore, it is necessary to find means of making this subject less

challenging to the novice student.

The large number of people who show an interest in learning to program are
very diverse. They differ in many aspects such as age, gender, educational level and
aptitude for solving logical problems. Experience as a teacher of beginning
Computer Science students has shown that it is extremely difficult to create a single
course that caters to all their differing needs. Although one-to-one tutoring would be
a suitable means of addressing this problem, it is not a financially viable alternative.
A much better solution is to use Intelligent Tutoring Systems (ITS). An ITS is a
computerised teaching system, that offers one-to-one tutoring, by altering its
interaction with the student based on the individual’s personal characteristics (Woolf,

2009).

1.2 CONTEXT

With the current popularity of the World Wide Web (WWW), more and more
students are showing an interest in learning to create web pages. The number of
programming languages that can be used to create web pages is very large. Of these,

PHP continues to be one of the most popular ("TIOBE Programming Community
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Index for December 2012,"). Therefore, PHP is a popular programming language
taught to beginning web developers.

Developing web based applications requires different methods than does
developing stand-alone applications (Wang, 2006). This usually requires the
application of several software tools such as server side scripting languages and
HTML. These technologies are often included in a single file. PHP causes difficulty
for beginning programmers since it permits HTML statements to be embedded
within PHP statements and vice versa ("PHP Manual,"). This two way transition
from one language to the other increases the number of possible ways to write code
that result in the same web page. Beginners of PHP programming need to be aware

of these possibilities and be able to transition smoothly from one tool to another.

The students who want to learn PHP are very diverse. They vary in many of
the aspects described above as well as in their previous experience in programming
in other environments. Such previous experience in developing or using other

programming environments very often causes difficulties for beginners of PHP.

Students coming from a non-web based programming background have
difficulty understanding that web pages are stateless. This means that additional
programming methods have to be used for passing data from one web page to
another. A single web page can have two sets of input data: before submitting and
after submitting. Before the page is submitted, it usually contains some display
elements. However, once the page is submitted, it contains some user-supplied data
as well. This makes it necessary to write different code for the different situations of

the web page, thereby complicating the programming task.

Unlike many other languages, PHP is a dynamically typed language. This
means that the type of a PHP variable is not fixed but can change with the value that
is held by the variable at any given time ("PHP Manual,”). This complicates the

process of comparing variables once they are given a value.

Another peculiarity in PHP is that it handles single quoted and double quoted
strings in different manners ("PHP Manual,"). Single quoted strings are taken as
standard literals. Double quoted strings can contain variables. Corresponding

literals are obtained by replacing these variables with the values they contain.
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The syntax of associative array elements within double quoted strings is
different from their syntax in all other instances. This makes the syntax rules for
PHP very confusing, especially for students coming from other programming

backgrounds.

This means that any course designed to teach beginners of PHP, needs to
address these peculiarities of PHP in addition to the concepts of programming in

order to ensure that the students learn effectively.

This research was undertaken with the aim of finding a solution to the problem
of teaching dynamic web development using PHP to a diverse range of individuals,

in an effective and economically feasible manner.

1.3 RESEARCH GOAL AND OBJECTIVES

Based on the analysis above, the research problem addressed by this thesis can

be defined as below.

Is it possible to create an Intelligent Tutoring System to effectively teach web

development using PHP?

In order to answer this question, the goal of this study was to build and
evaluate an Intelligent Tutoring System to teach the PHP web development language.
Since programming is a very practical subject, it was decided that programming
exercises would be used by the ITS to facilitate the process of learning. Students’
solutions to such exercises would be analysed for correctness, and feedback would be
provided based on the results of this analysis. Throughout this thesis, any answer
submitted to a programming exercise will be considered as a ‘solution’. More
support for learning would be provided through web links to relevant web pages.
The most suitable exercise for the current student would be suggested based on

his/her current level of knowledge, in order to individualise the instruction.

A significant challenge here is the variety of correct solutions for a single
programming exercise. For example, a programming exercise requiring a student to
display a grade based on marks obtained can be written in many forms. It can be
written as a series of if statements, a series of nested if-else statements or a switch
statement. Additionally, the condition within the selection structure can be written in

many forms. Similarly, a program which uses a loop can be written using for loops,
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while loops or do loops. Again, the condition for exiting the loop can be written in
many forms. In the case of PHP, any text to display on a web page can be written
using HTML only, PHP only or a combination of both. Therefore, the number of
correct solutions to a programming exercise can be very large. It is necessary that
the system be capable of identifying all such variations. Although simple pattern
matching mechanisms can be used to identify several equivalent solutions, this
method becomes impractical with the large number of variations that are possible in
PHP programming Therefore, the main emphasis of the research is on representing
the subject matter in a manner that makes it possible to identify such alternate
solutions. It is also important to find methods of representing the student’s current
knowledge in order to individualise the instruction. These representations then need
to be integrated to create an actual computerised system to effectively teach PHP to

beginners with different levels of knowledge.

This meant that the main objectives of the research were to answer the

following research questions.

1. What is the best method of knowledge representation that can be used to
model the subject matter necessary to effectively teach basic PHP

programming while achieving the following?

a. Analysing alternative solutions to a given programming problem, both

correct and incorrect
b. Providing feedback based on the specific errors made by the student
2. What is a suitable student model for the above system?

3. What methods of feedback and individualised interactions are useful to

teach the above subject matter effectively through an ITS?

1.4 SIGNIFICANCE

Research in Intelligent Tutoring Systems has been growing in momentum over
the past few decades. Yet, ITSs are not a concept that is known extensively by
educators. One of the main reasons for this is that, although many ITSs have been

built, only a few are used in practical teaching situations. This indicates that there is

4 Chapter 1 : Introduction



significant room for improvement in the field of ITS. This research attempts to
improve on existing ITSs at least to a certain degree.

Existing ITSs teach in many different domains, from primary school reading
to programming and electronic circuit design. The ITSs that teach programming
languages such as Pascal, Prolog, C and Java, focus mainly on developing console
and windows applications (Corbett, 2000; Song, Hahn, Tak, & Kim, 1997; E.
Sykes, 2007). On the other hand, many computerised teaching systems that target
web programming are available ("PHP Tutorial,” undated; "PHP tutorial - free," ;
"PHP/MySQL Tutorial,"). However, they present subject matter in the same way
to each student, i.e. they do not individualise the instruction. The literature does
not reveal any instance of the integration of these two ideas: i.e. ITSs that are
designed to teach web programming. Therefore, this study addresses a domain that

is totally new to ITS research.

It is essential that any ITS that teaches programming be capable of analysing
computer code written by students. As described earlier, a programming exercise
rarely has a unique solution. In order to analyse students’ programs correctly, it is
vital that the analysis process is able to accept alternative solutions to each
programming exercise. This is true for any programming paradigm. However,
programming for the web involves added complexities to program analysis. Web
pages very often contain many technologies integrated within a single page. They
also make it necessary to consider two states for every page: one before submitting
the page and one after. Using PHP as the server side scripting language adds
further complexity since it is possible to interleave HTML and PHP code using
many combinations. All in all, the process of analysing programs written in PHP is
very complex. This thesis develops methods of program analysis that are capable
of accepting alternative solutions to a given programming exercise while also

dealing with the complexity of PHP web development.

1.5 SCOPE OF THE THESIS

Building an ITS is a very time consuming task. It has been estimated that
200 to 300 hours are required to build an ITS to do one hour of teaching (Aleven,
Sewall, & Koedinger, 2006; Murray, 1999). One of the main reasons for this is that
the knowledge base of the subject matter is usually very specific to the subject
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being taught. This means that a new knowledge base has to be created in order to
teach a new subject. Therefore, creating a new knowledge base to analyse

programs written in PHP is a significantly time consuming task.

As can be seen from the above description, building an ITS that teaches all
the intricacies of PHP would be extremely difficult. It is simply not possible to
complete such a task within the time constraints of a PhD. Therefore, this ITS only
teaches the main aspects of the PHP language that are required by a beginning
programmer. In particular, it teaches the concepts of assignment, selection using if,
nested if and switch statements, predefined (some) and user defined functions,
HTML form processing for text, select and submit inputs, for loops with only a
single condition, while loops which can be converted into for loops, associative and
indexed arrays and foreach loops for accessing array elements. Other parts of the
PHP language are not handled in this tutoring system. However, it does handle a
few other HTML elements such as tables and also a few HTML attributes such as
name and border. A website designed using PHP usually incorporates Javascript or
a similar client side language to handle validation and other aspects. The PHP ITS

does not teach any sort of client side scripting whatsoever.

An ITS contains a student module in order to customise its interaction for the
current student. To do this, the system ideally needs to have very good knowledge
about the student, including his/her age, gender, capabilities, emotions and
numerous other characteristics. The focus of this research is not on the detailed
design of the student module. Therefore, the student module used here considers
only the student characteristic that is most directly related to learning: i.e. the

current knowledge level of the student in the subject matter being taught.

Another function of many ITSs is to provide feedback to the student. The
feedback in this system is provided using several levels. The feedback would
support better learning if the level of feedback provided was customised based on
the current knowledge level of the student. However, since this thesis does not

focus on an advanced teaching module, such customisation is not provided.

1.6 THESIS OUTLINE

This section outlines the remainder of the thesis. Chapter 2 contains a review
of the literature that is pertinent to this research. Chapter 3 looks at the research
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design used and the reasons for this. The next four chapters (Chapter 4,Chapter
5,Chapter 6 and Chapter 7) provide a detailed description of the knowledge base and
how it is used to analyse PHP programs. Each of these four chapters looks at a
different set of PHP constructs and how they are modelled. Chapter 8 describes the
user interface of the system as well as the design of the student and teaching
modules. Chapter 9 discusses how the PHP ITS was evaluated and the results
obtained from this evaluation. Chapter 10 discusses the results of this evaluation and
the implications for future work. The rest of the thesis contains a set of Appendices
that further support the explanations provided throughout the thesis. It provides
detailed diagrams, further examples and detailed data that are too lengthy to

incorporate within the main body of the thesis.
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Chapter 2: Literature Review

This chapter investigates the existing body of literature that is related to this
research project. It begins with an examination of why introductory programming is
a difficult subject to teach (Section 2.1). Section 2.2 looks at the concept of
Intelligent Tutoring Systems (ITSs) and how they can be used to overcome some of
these problems. Section 2.3 discusses how the domain models of existing ITSs to
teach programming are designed. Section 2.4 investigates typical features of the
teaching module of an ITS. Section 2.5 looks at the common methods of modelling
students in ITSs. Section 2.6 compares the features of existing ITSs, that teach
programming, that are pertinent to this thesis. Finally, Section 2.7 presents a

summary of the chapter and its implications.

2.1 TEACHING INTRODUCTORY PROGRAMMING

A large number of students have difficulty in learning to program. This is
shown by the fact that in 2003, 35% of students at the Queensland University of
Technology failed their first programming course (Truong, Bancroft, & Roe, 2003).
The situation is similar in Victoria University, where a large number either drop out
or fail programming courses (Miliszewska & Tan, 2007). Understanding the reason
for this difficulty has been the focus of a large body of research. This section
investigates some probable causes as to why beginning students find programming so
difficult.

Five main areas in learning computer programming, as identified by Mow
(2008), form a good basis for understanding why programming can be difficult for
beginners. These five areas are cognitive requirements, syntax and semantics,

orientation, auxiliary skills and resource constraints.

2.1.1 Cognitive Requirements

In order to write correct computer programs, students need to understand
abstract concepts then convert these into concrete solutions (Gomes & Mendes,
2007; Miliszewska & Tan, 2007). The problem must first be solved using a
conceptual approach before a computer program can be written using a particular

programming language (Mow, 2008). In doing so, students need to utilise skills in
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program design and creative thinking (Al-Imamy, Alizadeh, & Nour, 2006). When
creating a solution, they need to concentrate simultaneously on the syntax and the
algorithm construction (Gomes & Mendes, 2007). This means that the entire process
requires the interaction of many cognitive skills, making it very challenging for

beginners.

2.1.2 Syntax and Semantics

The fact that exact syntax rules must be followed in order to write a correct
computer program is a concept that is very difficult for many beginners to grasp.
They often find the semantics of the many programming constructs very
complicated. Ebrahimi (1994) found that many novices had questions such as “what
is the difference among loops™ and “how is a value bound to its variable”. Research
has found that some programming constructs are more difficult than others for
novices. For example, students make more mistakes with loops and conditionals
than they do with other types of statements (Spohrer et al. as cited in Robins,
Rountree, & Rountree, 2003). Arrays are another problem area with many having
trouble with confusing the subscript and the actual value stored (du Boulay as cited
in Robins et al., 2003). The fact that some programming language constructs use
words similar to standard English, but having a different semantic meaning is a
common source of confusion (Ebrahimi, 1994). The concepts of Object Oriented
Programming (OOP) are another major cause of concern for beginning programmers.
Many tend to assume that objects are automatically created and do not need to be
instantiated (Robins et al., 2003).

2.1.3 Orientation

Many students come to their first programming course with the pre-conceived
idea that programming is a difficult subject (Gomes & Mendes, 2007). Others fail to
understand the importance of the practical aspect of computer programming and
attempt to pass the subject by simply memorising textbooks (Gomes & Mendes,
2007) without writing any actual code. Such inappropriate orientation based on
incorrect practices and attitudes make programming a difficult subject for some

students.
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2.1.4 Auxiliary Skills

One of the most widely accepted impediments to beginning students is the fact
that a good programmer needs to have a many auxiliary skills, among them logical
reasoning, problem solving (Gomes & Mendes, 2007; Miliszewska & Tan, 2007) and
planning (Al-Imamy et al., 2006; Ebrahimi, 1994; Ebrahimi & Schweikert, 2006;
Robins et al., 2003). In fact, Spohrer & Soloway (1986) found that the most
common source of bugs in computer programs is in plan composition. Attempting to
learn programming without developing these auxiliary capabilities is an