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Abstract

Learning to program is hard. Education in Computer Sciencehas suffered a
long history of low levels of retention particularly amongst females, as well as
generally high failur e rates. This report presentsJavanOwl, a web-based pro-
gramming tool we have built in order to addressthese issues. We propose that
through the use of JavanOwl, novice programmers will be able to gain a sense
of familiarity and con�dence with basicprogramming during the early stagesof
their education in Computer Science.Evidence in the form of actual experiences
and usability testing shows us that JavanOwl is successfulin achieving its aims.
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Chapter 1

Introduction

A large proportion of students who enter intr oductory Computer Sciencecourses have
never had any experiencein programming. For a student entering a CS1coursewithout any
background in Computer Science,the coursematerial can be very hard and overwhelming.
This has been identi�ed as one of the main causesof the very low level of retention and an
equally high level of failur e in CS1coursesworldwide.

The primary goal of this project is to support the early stagesof learning to program, giv-
ing beginners the ability to experiencea senseof familiarity and satisfaction with program-
ming before or early on during their course. Tools speci�cally formulated to help students
in the early stagesof learning to program do exist, but they do not always target the core
problems and are often not easily accessible.We aim to createa ubiquitous and simple pro-
gramming environment that emphasizes fundamental programming principles. This will
be accomplished by means of an attractive online service that would allow students any-
where to practice programming, facilitating the somewhat arduous processof learning to
program.

A secondary goal of this project is to use program code visualisations for educational
purposes. Visualisations have beenused to examine the complex inner workings of program
code since the birth of computers. Therefrom, both novice programmers and experienced
software developers have employed dif ferent forms of visualisations of program code to
better acquaint themselveswith the intricacies of the code. One dif �culty in this area is the
actual collection of the information that is to be visually displayed. Often this information is
spreadacrossdif ferent classesand objectsinvolved in the code. This type of problem is more
commonly known asa `cross-cutting concern'. Aspect-oriented programming is a paradigm
which has been developed to help monitor information affected by cross-cutting concerns.
The use of aspect-oriented programming as a program monitoring technique to aid in the
creation of program code visualisations in this project has therefore beenexamined.

This report presentsJavanOwl, a ubiquitous web-basedprogramming environment de-
signed to support novice programmers to learn how to program. JavanOwl makes use of
visualisations to teach Javato novice programmers. Essentially, JavanOwl is a system that
provides the type of service that “Hotmail” provides for email, but for Javaprograms. The
intended audience for JavanOwl are learners before CS1,or learners having dif �culty with
CS1: people who will bene�t from support to learn the basicsof programming. The main
technologies we explored in order to create JavanOwl are JavaServerPages(JSP)[5], Jav-
aBeans,JDBC,an SQL database,Aspect-Oriented Programming (AOP) [6] and HTML, all
used in conjunction with a JavaServerPages“Tomcat” web server.

The structure of this report is asfollows: in the next chapter, a review of the background
to this work is presented. Chapter 3 explores the dif ferent technologies currently available
to support the key design elementsof a new educational programming tool. This is followed
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by Chapter 4, which presentsand exploresJavanOwl; the system created as a result of the
research conducted. Chapter 5 gives implementation details of how JavanOwl was built,
while Chapter 6 evaluates various aspectsof the technologies used in building the system.
Chapter 7 gives a descant of some actual experience in using the system with learners, to-
gether with the results of usability testing. Finally, Chapter 8 provides a summary, presents
the contributions to knowledge that this project has made and discussesthe opportunities
for futur e work on JavanOwl. Included in Appendix A is a description of JavanOwl++,
an educational programming tool that was built using JavanOwl technology but serves a
dif ferent purpose.

2



Chapter 2

Background

2.1 Education — The Current Situation

For a beginner, learning to program is hard. Becauseof this, the effectivenessof education in
Computer Sciencehasbeenunder careful observation for many years. International studies
of programming performance have produced compounding evidence that students' level
of programming skills are not commensurate with their instructors' expectations [7], that
overall retention rates are low [8], and that overall failur e rates are high compared to other
disciplines (as high as 30%) [9]. The reasons for these alarming facts are various: there
are many dif �culties encountered by beginners in Computer Science— for example, the
syntax of a programming language, the inner workings of the computer behind the scenes
[10], and the mathematics behind these concepts, all framed by the abstract concepts of
the programming paradigm, such as object-orientation (OO) [11, 12]. This high myriad of
complex information that students in intr oductory Computer Sciencecoursesare expected
to absorb is exceedingly high. Within the �rst few weeks of a CS1course, many students
feel intimidated and disatis�ed with their progress,and subsequently quit the course.

2.2 Prior Familiarity

Typically , students in intr oductory Computer Sciencecoursescan be classi�ed into 3 dif fer-
ent categories: novice programmers, experienced programmers and averageprogrammers
[13]. Naturally , this leadscoursesto betargeted at the middle ground — the `average'group,
which therefore disadvantages the disproportionately large group of novice programmers
(by moving too fast) as well as the relatively small group of experienced programmers (by
moving too slow). For those students who unfortunately �nd themselves in the novice
group, having no prior experience and little con�dence with computers, thesecoursescan
be quite overwhelming.

Research has shown that the most useful predictor of successin intr oductory Computer
Sciencecourses is prior familiarity with programming concepts, and that a high level of
successis dif �cult to achieve without this prior knowledge [14]. Unfortunately , many high
schools do not offer Computer Scienceas a subject. According to Rodger and Walker [15],
most high school girls do not even know what Computer Scienceis. This lack of prior fa-
miliarity appears to affect women in particular , as they tend to have lessexposure and less
con�dence with computers than men do upon entering Computer Sciencecourses. This is
supported by studies conducted at Victoria University that also showed that women with-
draw or fail at higher rates than men, and are probably more anxious, less con�dent and
have a poorer attitude towards computers in comparison to men as a result of gender-
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stereotyping that has occurred prior to their arrival at University [16]. For social reasons,
men appear to engagein more computer related activities with their friends, play computer
games and explore the Internet, all of which help them gain a higher level of con�dence
with computers before their arrival at University . The existing relative imbalance of males
and females in Computer Sciencereciprocatesthis fact [17].

Overall, this means that a large proportion of students entering intr oductory Computer
Sciencecoursesat tertiary level, in particular women, fall into an educationally disadvan-
taged `novice' group. Despite the efforts of educators in the �eld, students who lack this
unspoken but perhaps essential`pre-requisite' of someprior experiencewith programming
are lesslikely to succeedin intr oductory Computer Sciencecourses.Attempts to implement
retention strategies, varying in methodology from large changessuch as altering the text-
book and course content, providing more help and reducing the male-orientation to small
aestheticchangessuch as lab atmosphere,have not addressedtheseearlier problems [18].

2.3 Online Learning Approach

Becauseof the large amount of information that students are expected to internalize during
intr oductory Computer Sciencecourses,the paceof thesecoursestends to bevery fast. Con-
ceptsand skills are covered brie�y simply in order to cover all the required material in time.
Novice programmers may fall behind very quickly , constantly trying to catchup with topics
they did not fully understand the �rst time. Somecoursesarrange tutorials to speci�cally
addressdif �cult course-related material. However , theseare scheduled at speci�c times, so
if a student missesa tutorial, they have missed the only `outside of class' help they could
have hoped for on a speci�c topic. The result is that students are not given suf�cient or
adequatesupport for thesecourses.Consequently, students don't learn asmuch nor aswell
asthey potentially could, given more help. Students must be given the ability to access,out-
side of lecture and tutorial time, vital scaffolding and support regarding a particular course
which allows them to practice and reinforcethe conceptsthey are being taught in class.The
very nature of online teaching objects allows for this type of support to be provided. In
terms of novice programmers entering a Computer Sciencecourse, a supportive and well
managed system of self-paced learning is crucial for their successin the course.

Another problem facedby education in Computer Scienceis the large need for resources.
Students require accessto textbooks, computers and software in order to experience writ-
ing code as well as compiling, debugging, and running programs. Even if a student did
develop an interest in computer programming, they would still need accessto these re-
sourceswhich may be expensive and unavailable to them. This puts a large demand on
(especially primary or secondary) educational institutions' computing infrastr ucture. On-
line learning tools addressthese issuesby helping reduce the need for so many expensive
resources: textbooks are no longer as crucial to the learning process,fewer computers are
needed, hardwar e, platform and software requirements are lessenedand teacher-student
time becomesless important. Providing accessto an online system would help reduce the
demand on institutions' computing infrastr ucture asstudents could work collaboratively in
online communities with the necessaryresourcesand materials provided automatically by
the system.

2.4 Visualisations Approach

Visualisations are widely used asgeneral teaching aids in many dif ferent disciplines to help
students understand the conceptsbeing taught [19]. It is common in Computer Sciencefor
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visual depictions to be used to help communicate the complex inner workings of program
code [12]. According to Blaine A. Price, Ronald M. Baeckerand Ian S.Small [20], the usage
of visual representations in understanding computer programs is by no means new. In
1947,Goldstein and von Neumann exposed the usefulness of �owcharts. In 1959,Haibt
advanced this concept by developing a system that could draw �owcharts automatically
from Fortran or assembly language programs. In 1963, Knuth expanded further on this
by developing a system which integrated documentation with the source code and also
automatically generated �owcharts. Sincethen, there have beenmajor advancementsin the
use and applicability of software visualisations. Impr ovements in technology have enabled
more diverse, more detailed, and more immediate visualisations of program code to be
actualised and used with increasing ease.

Visualisations help students form the link between the theoretical concepts and more
concrete ideas, as well as helping form the link between what the program output is and
what actually happened behind the scenes.Writing a line of code and immediately seeing
a change in the image that is generated provides an effect that helps motivate the link be-
tween syntactic commands and their semantic effect. Tanimoto describesthese immediate
visualisations of programs at runtime using the term `Liveness' [21] of which there are four
levels. These levels dif fer in the immediacy of the visual change in the visualised image
of the program. The quicker the corresponding change is viewable, the higher the level of
`Liveness'. A system that incorporates level 4 `Liveness' visualisations is a system where
any change in the program is re�ected in real-time in the visualisation. Such immediacy
in visibility of causeand effect is important in education as it highlights precisely what the
effect of a certain changewas, leaving little room for confusion. Obviously, in terms of edu-
cation, the useof this type of visualisation is ideal — anything that helps easethe steepness
of the learning curve and lessenthe confusion felt by students, by providing an alternative
way of looking at a complex concept, should be taken advantage of asmuch aspossible.

Unfortunately , there is a problem involved in providing comprehensive visualisations:
it takesconsiderable time to individually hand draw and explain effective diagrams of code,
especially if ahand version of level 4 'Liveness' is to beemployed. Theresimply isn't enough
time for the teachersand tutors of theseintr oductory Computer Sciencecoursesto be draw-
ing visualisations of all the subject matter they cover if they are to cover all the required
material during the speci�ed duration of the course.

2.5 Related Work

There are a number of existing educational programming tools that incorporate program
visualisations and/or function online. Below is a description of six such tools, together
with any major advantages and disadvantages that have been identi�ed in the design and
implementation of their frameworks.

2.5.1 BlueJ

BlueJ is an educational programming tool that is designed to teach object-orientation to
beginners. The BlueJ environment was developed as part of a university research project
about teaching object-orientation to beginners. It is being developed and maintained by a
joint research group at Deakin University , Melbourne, Australia, the Mærsk Institute at the
University of Southern Denmark, and the University of Kent in Canterbury, UK. It usesthe
Uni�ed Modelling Language(UML) to visualise code. Code caneither bewritten by hand or
through the use of classdiagrams asshown in Figure 2.1. Through an interactive interface,
userscan createobjectsand run methods on them, all by clicking on diagrams and through
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pop-up menus. It also includes a simple but effective debugger. Unfortunately , although
free, BlueJdoes not run over the Internet so users must download and install this system,
as well as the Java2 Platform, Standard Edition (J2SE).Users are therefore constrained to
working on the sameworkstation and/or copying their �les to disk and installing BlueJon
every machine they plan to work on.

Figure 2.1: BlueJ- The Interactive JavaEnvir onment [1].

2.5.2 LearningW orks

LearningWorks is a learning environment that aims to teach ideas about computing aswell
as software systems architectures [2]. The LearningWorks project was started by Adele
Goldberg and others in 1994in responseto an underlying problem with respect to build-
ing large maintainable software systemsamongst corporate usersof object technology. The
basic conclusion was that these users needed to be targeted before reaching the corporate
level; while students, they needed to have more experiencewith system building concepts
and practices. This needed to be provided without increasing the need for teacher-student
interaction [22].

LearningWorks was created as a solution to this problem. It is based on the Smalltalk
programming language and is a highly organized self-contained teaching unit, structured
as four frameworks: a LearningBook presentation and interaction framework that is meant
to support the basic user model, a programming framework that enables users to write
code using a library of reusablesoftware components, a framework to allow the creation of
LearningBooks and a communications framework to allow students to work collaboratively.

Userslearn through the useof LearningBooks. EachLearningBook consistsof pagesthat
contain activities or applications that students interact with in order to learn more about a
certain topic. Somepagesmay contain programming tools for students to explore existing
object de�nitions or write new ones, such as the one shown in Figure 2.2. Since Learn-
ingBook sections and pages are self-contained components, they can be reused by other
LearningBook authors. LearningWorks usesvisualisation to show object interaction within
the system, as well as more detailed views of the implementation of objects. It does not,
however, run over the Internet. It must be downloaded and installed on the client machine,
constraining the user to one computer unless they copy their �les to other machines.
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Figure 2.2: LearningWorks - An example LearningBook page [2].

2.5.3 Jeroo

Jeroo is an integrated development environment inspir ed by Karel the Robot [23] and its
descendants. The Jeroo programming system has a simple syntax that provides a smooth
transition to either Javaor C++ [24]. Its design is straightforwar d and the systemcoversonly
a small scopeof material aiming to help novice programmers maintain their con�dence in
the early stagesof intr oductory Computer Sciencecourses.Jeroo helps students learn about
the instantiation and use of objects,how to design and write methods and about common
control structures. The interface consists of a single-screen development environment that
is structured so that students enter or edit code in a left hand panel and witness the changes
in a visual animated representation of their `virtual' world in the right hand panel of the
screen(seeFigure 2.3).One disadvantage of Jeroo is that it must be installed and run on the
client machine. This imposes the requirement that the user must continually work on one
workstation unless they copy their �les to another computer that hasalso Jeroo installed on
it.

2.5.4 Jeliot

One online system for teaching Javais Jeliot. It enablesstudents to write source code and
get back an animation of their code, generated automatically from the code itself. Jeliot is
structured asa server application that works together with client Javaapplets so that it can
be run over the Internet [25]. The Jeliot system allows users to relate the changes in the
state of the program animation to the lines of code it is running. Being online is a major
advantage, as it allows collaborative learning as well as easyaccessfrom many computers.
A disadvantage of the design is that it relies on the browser 's capabilities. Many applets
pop-up during use of this system, which can confuse the user. Also, there can be problems
with browser compatibility: a browser that is not Java-enabledwill not be able to run the
system properly.
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Figure 2.3: Jeroo - The User Interface [3].

2.5.5 www.publicstaticvoidmain.com

Another online Javasystem is www.publicstat ic vo id mai n. co m. Through a teacherac-
count group, students are allowed to set up their own accounts, log into the system and
write and compile Javaprograms all online. www.publicstati cv oid main .c omis struc-
tur ed as a server application and works by means of client Javaapplets. One of the main
advantages of this system is that the user does not need to have a JavaRuntime system in-
stalled on their machine to compile and run any code. All code processingis done on the
server side. One of the weaknessesof this system is that it is commercial and you must be
part of a group that is lead by a teacher to get an account. Another disadvantage is that
it does not incorporate any form of visualisation to help explain the code. As was noted
with the other online systems explored, www.publicstat ic vo idm ai n. co mis not sup-
ported by all web browsers. This is due to its reliability on Javaapplets — in order to use
www.publicstati cv oi dmain .c om, the web browser must be Java-enabledso as to be
able to run the Javaapplets on the client side.

2.5.6 ELP

Lastly, a recently created online programming system for teaching Javais the Envir onment
for Learning to Program (ELP) [4]. ELP is a highly structured system that provides an inter-
active web-basedenvironment for teaching programming to �rst year Information Technol-
ogy students, developed at Queensland University of Technology. It is strongly oriented to
university course delivery and assessment.Learners enter code via a web site as shown in
Figure 2.4,and the code is compiled on the server-side. However , the compiled code is then
transmitted to the client machine as a JAR �le, where the user must have a JavaRuntime
system to executethe code. This, and the restriction to one particular web browser, makes
ELP lessaccessiblethan we would like.
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Figure 2.4:ELP - Example ELP Exercise[4].

2.6 Summary

This chapter presentedan overview of some of the dif �culties found in teaching Computer
Sciencein CS1courses.We discussedboth the dif �culties found within the context of teach-
ing the complex material that Computer Scienceconsists of, as well as problems present
before the students even arrive at University . We examined online learning in terms of its
applicability in education of Computer Science.We also discussedthe use of visualisations
to facilitate the understanding of some complicated OOP and general programming con-
cepts,aswell asthe obstaclesfound in providing thesevisualisations in traditional teaching
environments. All of this is then illustrated through a critical exposition of six existing learn-
ing objects that are designed to teach programming through the use of code visualisation
and/or ubiquitous accessprovided by online functionality . The main advantages found in
thesesystemsdue to critical design and implementation decisions will be further explored
in the following chapter.
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Chapter 3

Design

In Chapter 2, we discussedsomeof the approachesthat can and have previously beenem-
ployed in the design of educational programming tools. These approachesform the key
design elements in planning the architecture of a new educational programming environ-
ment. This chapter will examine relevant approachesto thesedesign elementsand the tech-
nologies available to leverage them. Below are detailed these approaches;the key design
elements in building a new educational programming tool:

� Web-basededucational programming tools.
Section 2.3 identi�ed the bene�ts of using Internet applications as opposed to stand-
alone applications as the basis for educational tools. In this chapter, we will explore
the dif ferent web technologies available to support online learning tools, �nding in
particular those that provide the best advantage:disadvantage ratio whilst keeping
the client side lightweight.

� Visualisations in educational programming tools.
Section 2.4explained the application and advantagesof using visualisations in teach-
ing. Here we will discuss the bene�ts and weaknessesof dif ferent visualisation tech-
nologies employed to support this approach. This requires a survey of dif ferent pro-
gram monitoring techniques aswell asa look at dif ferent image technologies that can
be used to deploy effective images on the web.

3.1 Web Technology

Traditionally , the Internet is geared towards supporting static HTML that contains plain
text and static images. Mor e value can be added to the Internet `experience' in various
ways. One way is to createdynamic HTML that allows users to enter and retrieve relevant
information. This is done through web programming using languagessuch asJavaApplets,
JavaScript, JavaServerPages[5], or other scripting languages such as ASP, PHP or Flash
animations. Use of such technologies lead to sophisticated and dynamic websites that can
be much more interesting and interactive than standard static HTML.

Running a dynamic website does, however, involve a fair amount of information pro-
cessingwhich can happen either on the client side and/or the server side. Processinginfor -
mation on the client side often createsproblems with compatibility and technical require-
ments on the client machine. Sincean educational programming tool, if it is to be interactive,
may need to processa lot of information, then it may be convenient to processas much of
this information aspossible on the server side. This will enableuserson any client computer,
old or new, with aslittle processingpower asis neededto support Internet connectivity and
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run a browser to be able to use the tool. Having a lightweight client side avoids many of
the problems regarding browser compatibility since much of the information is processed
on the server, bypassing the problems caused by dif ferent browsers processing the same
information slightly dif ferently.

What follows is a discussion of three of the main technologies that are commonly em-
ployed to add value to websites. The advantages and disadvantages of using eachof these
technologies are also considered.

3.1.1 JavaApplets

Javaapplets are essentially Javaprograms, except they run through web browsers. Since
Sun designed Java to be an operating system independent language, Java programs can
be written and compiled on one machine and then be run on many other machines with-
out needing to be altered. This fact makes programs written in Java conducive to being
distributed over the Internet. In 1995,Sun releasedHotJava, a Java-enabledbrowser that
allowed Javaprograms to be run over the web. Sincethen, most (but not all) other browser
vendors have added Javasupport to their browsers so asto make them Java-enabled.What
makesbrowsersJava-enabledis the fact that they include a JavaVirtual Machine (JVM). Web
programmers can write Javaprograms, compile them as they would normally , and then in-
clude the bytecode, as they would images, in their HTML pagesusing the <APPLET>tags.
The bytecode is downloaded from the server side and executed on the client's machine,
using the JVM in the browser. This is possible sinceJavaapplications are platform and ma-
chine independent, so the program can be written and compiled on the server machine and
the resulting bytecode can be downloaded and executedon any other machine.

Javaapplets are very useful for adding a dynamic, interactive and multimedia edge to a
web page. They are dynamic in the sensethat they are active programs essentially `running'
on the client's machine, through their browser. By being dynamic, they can simulate chang-
ing parameters— such asmotion of a pendulum. They are interactive becausethey are Java
programs, running at real time on the client's machine, so they user can interact with it (if it
has beenprogrammed to be interactive). This allows programs that rely on the user chang-
ing parameters in order createsome form of understanding to be written. Applets can also
make extensive use of multimedia — graphics, animation and sound can all be included in
an applet. All of this makes Javaapplets an good choice for adding value to websites.

Unfortunately , there are disadvantages of using Javaapplets. Their main weakness is
that not all web browsers are Java-enabled. Some newer versions of browsers have Java
support built in to them, but others require Javaplug-ins to be downloaded and installed.
Therefore, web-basedsystemsthat are built using Javaapplets are not completely platform
and machine independent. This reduces the overall group of potential users. Also, newer
versions of Javacauseinconsistenciesin Javaapplets. Applets written in an newer version
of Java,such as Java1.2, may not work in a browser that is designed to support Java1.0.
Changesin HTML Data Type De�nitions (DTDs) alsocausecompatibility problemsbetween
browsers. Another disadvantage of embedding Javaapplets into websites is that although
in general the size of applets is small, they do have to be completely downloaded onto the
client's machine before they begin to run. This increasesthe amount of information that
userswill be required to download when visiting a page that includes Javaapplets.

Overall, Javaapplets can add a tremendous amount of value to websites. They add an
ample amount of interactivity to websites, through dynamic simulations and dif ferent types
of multimedia. Unfortunately , due to browser compatibility problems as well as added
download size, Javaapplets can causeunwelcomed inconsistency to websites. Someof the
common applications of Javaapplets, such asdynamic simulations, can be made equally as
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effectively through the useof animated GIFs,a much simpler technology that will not cause
any browser compatibility problems.

3.1.2 JavaScript

When invented in 1995,the JavaScript language created by Netscape was better known as
LiveScript. The name was later changed to JavaScriptin a joint effort by Netscapeand Sun,
apparently due to the growing popularity of Java [26]. Although some of the syntax of
JavaScript is quite similar to that of Java, there is little in common between the two lan-
guages.

Originally , JavaScriptwas included in the NetscapeNavigator (NN) 2.0browser via an
interpr eter that read and executed the JavaScript that was included in the HTML pages
it rendered. Since then, the language has become more and more popular and is now
supported by most popular browsers although dif ferent browsers implement JavaScriptin
slightly dif ferent ways. Originally , JavaScriptwas mainly used for client side form valida-
tion — verifying and checking user input (such asdate format) in web forms. Although this
validation can be done on the server side, the advantagesof doing it on the client side is to
avoid sending invalid data to the server which may need to be sent back with an error, thus
reducing the amount of bandwidth used and server processing power. JavaScript is also
used to implement many sophisticated dynamic web interfaces.

Although effects implemented in JavaScript are much faster to download than some
other front-end technologies like Flash and Javaapplets, they still add to the amount of in-
formation (even if only by a small amount) that the user will have to download when they
visit a website. Usersdo not need to download a plugin before they can view JavaScript,as
they do with Flash for example. They are required, however, to have a browser that sup-
ports JavaScript installed on their machine. This causesbrowser compatibility problems.
Most modern browsers do support JavaScript,but dif ferent browsers implement and thus
processand display JavaScriptslightly dif ferently, so the results can be rather unexpected
and inconsistent depending on which browser the client choosesto use. Code that works
on Internet Explorer 4 might not work at all on Netscape 4, and dif ferencesmay even be
found between dif ferent versions of the samebrowser. Someolder browsers do not support
JavaScriptat all. Browsers from dif ferent vendors allow scripting languagesto accessdif fer-
ent HTML elements and features of the browser, which can causeinconsistenciesfrom the
client's perspective when any script is included in websites. Another problem is related to
the dif ferent versions of JavaScript that have been releasedover the years. Although most
JavaScriptis more or lessstill the same,somesubtle but noticeable dif ferencescan be found
between dif ferent versions of JavaScriptwhich can causefurther inconsistencies.

Overall, the useof JavaScriptcanadd signi�cant value to web sitesasit adds an elaborate
level of dynamic interaction, but all the compatibility issuesinvolved in doing so can cause
serious inconsistency problems.

3.1.3 JSPand JavaBeans

JavaServerPages(JSP)is a Javatechnology that is aimed at allowing web programmers to
dynamically generateHTML. JSP�les are stored on web servers,and are essentially HTML
pageswith Javacode embedded in them between specially de�ned JSPtags. When a user
makesa request to a JSPpage on the server side, the corresponding JSP�le is compiled into
a Java�le by a JSPweb server such as “Tomcat”. This Java�le is better known as a servlet.
Servletsare alsokept on the server. Their function is to dynamically generatenormal HTML
content, which can then be displayed to the user asnormal static HTML. The effect of this is
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to createdynamic and personalized webpages [27] depending on the user's actions, which
can be displayed to the user as a normal HTML page. Sinceall the processinginvolved in
creating thesedynamic HTML pagesis kept completely server side, it is invisible to the user
requesting the HTML page.

JSPis simple to write — it is normal Javacode written in between JSPtags. In order
to keep a degree of separation between the Javacode and the HTML in a web page, the
Javacodecan be written into JavaBeans.JavaBeansare reusablecomponents written in Java
which form a natural extension to JSP[28]. Like JSP, they are also stored, compiled and run
on the server side. The code they contain is normal Javacode that can be used to store state
aswell asmanipulate user inputted data. JavaBeanscan also useother Javaclasses,making
them very powerful. The advantage of using JavaBeansis that only small amounts of JSP
need to be written into HTML pages. Thesesnippets of JSPcan then call larger and more
complex reusable methods written in JavaBeansto perform the required manipulation of
data. This separation of processingcode and HTML makes dynamic websites easier and
quicker to create.

SinceJSPis stored and processedcompletely on the server side, any request that a user
makes to a web page that contains JSPwill be sent back to the server machine, processed
and sent back to the client. This may be slower than the JavaScriptway of processingthe
information dir ectly on the client machine. Requestspeedsdepend on the speed of the In-
ternet connection and processingpower of the server, as opposed to relying heavily on the
client machine's processing power. This means that clients can run online systems built
with JSPon any computer with a browser and Internet connectivity, regardlessof their CPU
speed. This server side processingalso avoids browser compatibility problems. Since the
only information being sent between the client and server machines are normal HTTP re-
quests and responses,the user only needs to have a browser, without any special plug-ins,
to display the requestedpage. SinceJSPis basedon Java,which is a platform independent
language, the server can also be run on any machine, regardless of which operating system
is being run. Other server side scripting languagessuch asASP, on the other hand, locks the
developer into running their server on speci�c platforms, such asWindowsNT/2000.

One disadvantage of using JSPis that it doesrestrict the graphic design of sitesasit does
not produce as visually gratifying results as using Flash or JavaScript would. However ,
it's ability to store state, connect to databasesand manipulate data with de�ned reusable
components in normal Javacode, all on the server side and without causing browser com-
patibility problems, makes JSPa very powerful tool for web-programming.

3.2 Visualisation Technology

In education, it is important to be able to explain code in more than one way. Graphically
visualising code is one attempt at doing this, producing tracesof program code is another.
But in order to collect information about a program so that it can then be used to better
explain the code's behaviour, we need some way of capturing the required information at
critical or interesting points during the execution of the program. This is commonly known
as'pr ogram monitoring'. The task of program monitoring hasbeendone in various ways in
the past. One approachcommonly taken is known asthe event-drivenapproach[29]. Another
approach to this task is to use Aspect-OrientedProgramming. The advantagesand disadvan-
tagesof using thesetwo dif ferent approachesare discussedbelow.
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3.2.1 Event-Driven Approach

The crux of this approach is the concept of annotating the target program. What this means
is that in order to capture information about the program, the programmer must �rst decide
which eventsare of enough importance that they deserveto be monitor ed, and then alter or
insert codebefore,after or into thoseevents that will output statementscontaining the infor -
mation being sought out. This output can take any form — it can be purely textual or visual
or even a mixtur e, depending on the nature of the program being monitor ed and the pur -
pose of the monitoring. The programmer simply needs to include code that will create the
type of output they wish to display. Commonly, simple calls to System.out.prin tl n( x)
are made, outputting someinteresting information x in a textual manner.

An advantage of this technique of program monitoring is that it is simple and easy to
collect and display any sort of information needed. A rather large disadvantage, however,
is that it is an intr usive technique. It requiresaltering the target program. Not only may this
be inconvenient, but it may also not be allowed in certain caseswhere the user is not permit-
ted to change the target code. Dir ectly modifying the target program may also obscure the
semantic meaning of the program and may intr oduce bugs that did not exist beforehand.
Also, this technique implies that there is no degreeof separation between the output state-
ments and the program code. Soif the output format is modi�ed, all the output statements
must be changed everywher e in the target program. This can be a tedious task to perform
if there are many events which have been marked as being worthwhile monitoring. One
way to avoid this problem is to de�ne visualisation 'events' outside of the program code
and inserting 'event markers' in the target program, rather than inserting output statements
dir ectly. This way, when an event marker is reached,it makesa call to a method which runs
some form of output code, outside of the target program's scope.This is similar to keeping
a `log' class with log entries made everytime an interesting event occurs. This technique
intr oducesa degreeof separation — if a modi�cation is made to the format of the output, it
only needsto be made in one place. This reducesthe need to keep making alterations in the
target program. But this method is still intr usive as the target program will still need to be
modi�ed to include the event markers.

3.2.2 Aspect-Oriented Programming Approach

AOP is a relatively new paradigm designed to addressprogramming problems that can-
not be cleanly encapsulated as separate components. Some systems are dif �cult to build
using the traditional style of modularity [30]. Examples of this include debugging, error-
handling or system logging acrossentire systemsthat utilize several classes.Thesetypes of
taskscanbe described as“cr oss-cutting concerns” [29] or aspectsof a system. Aspectsof sys-
tems such as thesecut acrossone another as well as the �nal executablecode, that is, other
programming concerns.This type of problematic scenariohas lead to the development of a
new programming paradigm, appropriately named 'Aspect-Oriented Programming' (AOP).
AOP determines that any programming concern that cuts across other programming con-
cerns, (i.e. cannot be cleanly encapsulated into a separatecomponent) should be declared
as an aspect. Using AOP, programmers have the power to break down large problems not
in an object-oriented manner, but rather using aspectualdecomposition. Cross-cutting prob-
lems such as debugging or system logging which require large mechanisms for gathering
information can be facilitated by using AOP.

In AOP, rather than writing classes,programmers write aspects. Aspects are written in
an AOP language (such asAspectJ).Aspectsde�ne which classesto monitor aswell aswhat
information they should capture. In order to specify what information to capture, aspect
developers must use join points. Join points tell the aspectto do `something' (such ascollect
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program information and manipulate it) at a speci�c point in the target program execution.
The original AOP de�nition of join points is: “... those elementsof the component language
semantics that the aspectprograms coordinate with” and “...clear, but perhaps implicit, el-
ements of the component program semantics” [29]. Using join points, the developers catch
the information they require about any classesin the target program, and manipulate it
accordingly . This is how AOP addressesthe problem of cross-cutting concerns.

Program codevisualisation is a cross-cutting concern [31]. This is due to the natureof the
information that is required to createthe visualisations. Depending on the type of visualisa-
tion, information from various classesin the target program may need to be collected. Since
AOP is a good way of collecting information about a running program, particularly the type
of information we would normally be interested in visualising, it follows that it may be a
good way of collecting information for program code visualisations. One main advantage
of using AOP to collect information for program visualisation is it's ability to monitor pro-
grams without being intr usive. This meansthat unlike the event-driven approachdescribed
above,neither the target program nor the sourceof the classesbeing used need to be altered
in any way — no extra code needs to be added to them at all. This is a big advantage as
the program monitoring is done in the background, without any alterations needing to be
made or visible to the user. Intr usivenessis a common problem amongst other methods of
program monitoring [29].

3.2.3 AspectJ

AspectJ is an AOP extension to the Javaprogramming language [6]. Using AspectJ,which
is essentially Java code, `aspects' are written. AspectJ can be used to monitor many dif-
ferent kinds of `interesting' landmark events, including method calls, method executions,
object instantiations, constructor executions, and �eld references. In AspectJ, these events
are known as the 'join points of Java' [6]. AspectJallows the programmer to monitor these
join points quite simply with the use of pointcuts. The way in which theseevents occur and
what sort of information the programmer expectsto get back determine how they should be
captured. This is done with the useof designators. Thereare many dif ferent designators. The
executiondesignator is used when information about whenaparticularmethodbodyexecutesis
needed, whereasthe call designator is used when information about whena methodis called
is required. Method or constructor names, together with wildcar ds and logical operators,
are used to tell these designators which methods to monitor . Once some pointcuts have
been de�ned, the programmer must write advicesfor them as pointcuts don't actually do
anything other than pick out join points. Advices are Javacode that getsexecutedat the join
points that have been picked out by a pointcut. It is in these advices that the programmer
can write code to manipulate and format the captured information in whatever way they
wish to output it.

One of the main usesof AspectJis to collect, format and display trace information about
a running program for debugging purposes. The reasonfor this is that by using aspects,the
programmer can essentially 'tap' into the stateof the running program and collect any data
they think may be useful. Javacode allows the programmer to manipulate and format this
data into textual or graphical output using the Graphics2D JavaAPI for example, depending
on the nature of the debugging data being displayed or the target audience.

In order to trigger the pointcuts when callsaremade to methods in the classes,all the �les
de�ning the classes,programs and aspectsmust be compiled together. This is done using
the AspectJcompiler (AJC).AJC weavesthe aspectcode into the classes,so that the resulting
bytecode contains the relevant aspectcode. This way, when a program (which hasalso been
compiled using AJC) that utilizes theseclassesis run, calls to methods in the classescause
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not only the normal effect of the classes,but also the aspectcode to be trigger ed.

3.2.4 Image Technology

The use of images in websites is widespr ead. They add colour, catch peoples attention and
often convey a lot of information in a relatively small amount of space. Normally , images
on websites are static. They are stored in a �le somewhere on the server side and the user
is shown the same �le everytime they visit the website. Signi�cant value can be added to
websites if images are dynamically generated depending on user actions.

Images can be regenerated depending on user actions quite simply: when a user sub-
mits data, the server performs the appropriate processingusing Javacode together with a
GIF generator to create the image `on-the-�y'. Users can then be shown dif ferent and more
appropriate images that re�ect their actions. This is the core idea behind program code vi-
sualisations — the visual depictions are designed to highlight and re�ect relevant changes
in the state of the user's program code. Two main technologies available to do deliver dy-
namically created images are discussedbelow.

Write Generated Image to File

Once an image has been dynamically re-created using Javaand a GIF generator, it can be
written to a �le on the server machine. The website can then refresh, displaying the new
image. This method can potentially causeproblems if the image �le being overwritten is
already open elsewhere. Somebrowsers insist on caching images and so this method can
also fail if the browser simply redisplays old cached�les.

Use a JavaServlet to Serve Image

Another way to deliver dynamically re-created imageson the web is by using a Javaservlet.
The image is still dynamically generated depending on user actions using Javacode and a
GIF generator, but this time rather than being written to a �le, it is written dir ectly to the
HTTP responseusing a servlet. This avoids having to create�les on the server and canavoid
browser caching problems aswell.

3.3 Conclusion

This chapter has examined the dif ferent technologies available to support the approaches
that address the key design elements of building a new educational programming tool.
The technology we have found to best support lightweight client side online systems is
JavaServerPages. We found that aspectoriented programming through AspectJwould be
the best technology to support program code visualisations. To deliver thesevisualisations,
we chose to use a Javaservlet to avoid browser caching problems. Together, using these
technologies we have built a web-based programming environment that makes extensive
useof program codevisualisations. This system is described in detail in the following chap-
ter.
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Chapter 4

JavanOwl

4.1 Goals

Many problems associated with education in Computer Sciencewe have identi�ed. Of
these,the following have beenidenti�ed assomesolutions that may help the overall current
situation:

� Provide an accessibleopportunity for learners to familiarize themselveswith program-
ming before the start of a CS1course.

� Provide a safe and clear environment in which CS1students can practice and expe-
rience �rst-hand some of the concepts and programming techniques they are being
taught at their course.

� Reducethe need for learners to buy or install new software, hardwar e or textbooks.

� Eventually add to the combined effort of reducing the large gap between the number
of femalesand males in Computer Science.

4.2 JavanOwl

JavanOwl is a programming environment designed to help beginners learn how to program.
It is web-based and provides a cheaper and ubiquitous alternative to traditional applica-
tions. JavanOwl works on all web browsers dating back to early versions, and does not
require any applets or plugins. The JavanOwl system aims to be a collaborative learning
environment, basedon a cognitive and constructivist pedagogical strategy, where immedi-
ate feedback is provided, and learning from errors is encouraged. Learners will be able to
useit from any computer, no matter how old and cheap,with minimal Internet connectivity.
This reducesthe need for resourcessuch as expensive computers, software, textbooks and
teacher time.

JavanOwl allows users to create,edit, save,and retrieve programs, and to run both pro-
grams written by users, and example programs provided in the system. Usage is simple
and straightforwar d, with a split-screen web page showing both the code and the output.
The user enters their code through a simple form and then runs it. If the code is error-free,
the browser will be display the result in the output pane. If the code has errors, the output
pane will display a simple speci�c error message.Userscan then edit their code and re-run
it. The system interaction is thus basedon a principle of immediate feedbackwith visibility
of causeand effect.
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Figure 4.1: JavanOwl in Use

Users can write simple stand-alone Javacode entered in a single form. This is powerful
enough to allow learners to work with library objects and their methods, and to use se-
quencesof statements,iteration and selection,asshown generating the output in Figure 4.1.
Userscanalsowrite programs that output textual output. The system is powerful enough to
allow users to write their own classesand use them in programs they write. This gears the
learning towards an OO-�rst approach. JavanOwl includes both textual and graphical out-
put, which is supported by dynamic image generation over the web. The dynamic image
is an important idea in our approach, and has been developed in our other web technol-
ogy work [32]. Library objects with graphical output constitute our primary approach to
run-time visualisation, as shown in the �gur es. This approach is both simple and motiva-
tional. Aspect Oriented Programming hasbeenused to provide the run-time visualisations.
This approach may be extended to provide more or lessdetailed visualisations of showing
dif ferent views of the program code,such astraces.
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4.3 JavanOwl Usage: A Demonstrative Scenario

If used asa teaching aid, JavanOwl will give lecturers and tutors of intr oductory Computer
Sciencecoursesmore time to focus on the more abstract side of Computer Science,allowing
them to leave someof the more practical programming exercisesfor the students to practice
independently . By providing a clear environment, this system can be used as a learning
playgr ound by anybody who wishes to practice and reinforcewhat they learn in class.

Alternatively , if intr oduced to students at earlier levels, such as secondary school, Ja-
vanOwl will provide an opportunity for learners to familiarize themselves with basic pro-
gramming concepts before the start of a Computer Sciencecourse, giving them a higher
chanceof succeedingin their course. Picture the following scenario:

Student X attends a local public high school. Shewishes to learn how to program in Java,but
is told by her teacher that programming is not taught at their school. Student X is advised
to:

� buy herself a relevant textbook, download or buy all the relevant software and install
it on a PC either at home or at school, and begin working on it herself. Student X
�nds that textbooks are very expensive and that she cannot possibly afford one. The
PC shehas at home is not `hers', so shecannot install software on it, and she is afraid
of doing something wr ong on the ones at school. Shefeels lost and confused. With-
out some teacher aid, she doesn't know where to begin the rather long and arduous
task of learning how to program. Student X decides to wait until she can attend an
intr oductory Computer Sciencecourseat a tertiary education institution.

Eventually, Student X enrols in a CS1 course. Finally she is going to learn how to
program. Within the �rst couple of weeks of the course, she is expected to learn a
large myriad of information regarding object oriented programming, data structures,
algorithms and other programming concepts.Shehasalready beenasked to write her
own Javaprogram as part of the �rst assignment. Sheis overwhelmed and very lost.
Student X feels that no matter how hard she tries, everyone else in the course seems
to already know more than her. At last, Student X decides that there is no point in
continuing to try, shesimply cannot absorbthis much information. Her self-con�dence
with computers decreasesdrastically and shearrives at the inevitable conclusion that
she is no good with computers. Student X decides that she was not meant to be a
programmer and quits the course.

� try using JavanOwl. Student X accessesthe JavanOwl application online from the
school computer during her lunch break, begins by looking at some sample code in
the Help section. Student X realisessheis able to accessJavanOwl from any computer,
and sospendssometime at Internet cafesplaying with code. Soon,student X �nds the
courage to try writing some code of her own, experimenting with dif ferent program-
ming constructs and techniques. Sheusesthe visualisation tool to help her grasp how
the code works and if she has any questions, she posts a messageto the web-forum
and waits for a reply from a tutor or a fellow student. Student X writes some fun
programs using the JavanOwl library and passesher program's URL onto friends for
them to try running. Student X has now successfully gained the experiencewith pro-
gramming that will increaseher chancesof succeeding at an intr oductory Computer
Sciencecourse.

This is a vision of how JavanOwl will help education in Computer Science.
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4.4 Why Java?

JavanOwl intr oduces Javaat a basic level, helping portray some of the important Object-
Oriented paradigms that students must learn. The motivation behind choosing Javaas the
language to teach is threefold:

� Many universities around the world use Javaas the �rst language they teach as part
of their intr oductory Computer Sciencecourses. JavanOwl would therefore dir ectly
bene�t students entering thesecourses.

� Java is a real language, it exists in the real business world, so it will be useful for
students of all ages,providing practical motivation.

� Javais used for web programming, so the web context of JavanOwl is basedon a real
and useful application delivery domain.

4.5 Educational PracticesEmbedded in JavanOwl

JavanOwl supports both scaffolding and collaborative learning, practices that have become
increasingly more popular following the move towards a more constructivist, generative
approach regarding education [33]. Scaffolding plays a very important role in the successof
computer-based learning environments as they motivate the learner, reduce task complex-
ity, provide structure and reduce learner frustration [34]. JavanOwl takes this approach by
the dramatic simpli�cation of the programming environment, immediate feedback on the
samepage,and the useof pedagogical library objectswith graphical output. JavanOwl also
includes its own library , with tutorials and documention using conventional web technol-
ogy. The system also supports collaboration, and provides a web discussion forum built-in
so as to provide users with a support system that will allow a collaborative community of
peer support and �le sharing to arise.

4.6 A Breakdown of The JavanOwl Application

JavanOwl is designed as a complete web-based system. This means that within the Ja-
vanOwl application, there are various dif ferent sections that allow users to perform dif-
ferent functions. This section gives an in depth description of eachof the dif ferent actions
that userscan perform through JavanOwl.
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4.6.1 Before entering the system

The home page is a simple title page for JavanOwl that brie�y explains what it is for and
where to �nd more information. From here, users can register to use the system or log into
the system using their username and password. Figure 4.2shows the JavanOwl homepage.

Figure 4.2: JavanOwl Homepage

Users are required to register with the system in order to be able to use it. This is neces-
sary becauseJavanOwl allows users to create and save program �les. Whenever users log
in to the system, all the �les they have previously created and saved are available for them
to keep working on. JavanOwl provides an online storage and running facility for simple
Javaprograms that the userswrite.
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4.6.2 Writing and Saving a Program

JavanOwl allows users to create, edit, save, and retrieve Javaprograms. The interface for
this is a simple and straightforwar d single-screendevelopment area. The development area
is split in two — a panel on the left hand side that contains a web form into which userscan
write code and a panel on the right hand side that displays the output of running their code
(asshown in Figure 4.3). Users enter their program code into the web form and save it asa
`program'. By writing programs and saving them with dif ferent names,users can build up
a repository of Javaprograms.

Figure 4.3:User enters code into the web form and savesit with a �lename.

JavanOwl allows usersto write simple Javacode,that is, sequencesof statementssuchas
objectcreation and method calls, iteration and selection. A library of classeshasbeenwritten
and is provided with the system. This allows usersto write programs that createobjects,and
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then be able to run the available methods on the objectscreated such as the code shown in
Figure 4.4. The JavanOwl API is given in the normal JavaDocformat through a link in the
system. They can view the API to �nd which classesand methods are available for them to
play with.

Person bob = new Person();
bob.hasHat();
bob.setHatColour(green);

House bobsHouse = new House();
bobsHouse.hasChimney();
bob.setChimneyColour(blue);

Figure 4.4: Example of code that useslibrary objects,written in JavanOwl

Aside from using the JavanOwl API, users can write programs that output plain text.
Again, these programs may contain simple Javacode such as sequencesof statements, it-
eration and selection. Figure 4.5 shows an example of the type of program that users can
write that outputs text only. For security reasons,users are not permitted to executecode
that accessesany of the system resources.This is explained in more detail in Section5.2.1.

output.println("Hello World!");
output.println("");

for (int i = 1; i < 10; i++) {
if ((i%2) == 0) {

output.println(i + " is an even number");
}

else {
output.println(i + " is an odd number");

}
}

Figure 4.5:Example of code that outputs text, written in JavanOwl

Users can also write and use their own classesthat output text. This is covered in more
depth in Section4.6.5.
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4.6.3 Running a Program

Once the user has written or opened an existing program, they can run it. Provided the
code is error-free,the browser will display the result in the output pane. In this way, system
interaction is basedon a principle of immediate feedbackwith visibility of causeand effect.
The type of output shown in the output pane depends on the type of the program they are
running. If the user code usesany of the JavanOwl API classesthat outputs visualisations,
then an animated visualisation of the program code will appear in the output pane. If the
user codeoutputs text only, then the output text will beshown in the output pane. Figure4.6
shows the stateof the JavanOwl system after a program that utilizes the JavanOwl API and
produces a visualisation of the program code has been run. Figure 4.7 shows the state of
JavanOwl after a textual program has beenrun.

Figure 4.6: JavanOwl system after having run a program that outputs program code visual-
isations

24



Figure 4.7: JavanOwl system after having run a textual program

4.6.4 Errors in user code

JavanOwl will catch some errors in user code. In particular , syntactic errors that are nor-
mally picked up by a compiler are easily dealt with. If a user attempts to run code that has
multiple syntactic errors in it, JavanOwl will �nd the very �rst error (parsing top-down) and
the output pane will display a simple and speci�c messageregarding the error as is shown
in Figure 4.8. Runtime exceptions are also caught by JavanOwl and produce a similar error
message.This form of debugging is simple but effective.

In�nite loops in code that use visualisations of JavanOwl APIs can also be caught. In
the caseof in�nite loops, an upper limit has been set on the number of animation frames
that can be created in generating the visualisations of program code. If the limit is reached,
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then the visualisation fails and an error messageis given to the user advising them of their
mistake. In both cases,once the users have been shown their error, they can �nd it in their
code,edit it and re-run it.

Figure 4.8:Running user code that contains a syntactic error

4.6.5 Writing, Saving and Using a Class

JavanOwl also allows users to create,edit, save, retrieve and use their own Javaclassesin
the programs they write and run. Within their classes,users are able to write both void
methods and methods that return a value. The structure of classeswritten for JavanOwl
is the same as the structure of normal Javaclasses.Methods are de�ned as they normally
are in Javaclasses. Although the �lenames given to their classesis immaterial since they
are simply used to store the classesin their account, the actual classnames in the code are
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public class Hello {

public void printHelloOnce() {
output.println("Hello!");

}

public void printHelloManyTimes(int count) {
for (int i = 0; i < count; i++){

output.print("Hello ");
output.print(i);
output.print(" times");
output.println("");

}
}

public String returnsHello() {
return "hello";

}
}

Figure 4.9: Example classwritten in JavanOwl

important. The class name will need to be used to instantiate objects of that class, so no
two classesshould have the samename. This is the samebehaviour that is encountered in
normal Javaprogramming. Figure 4.9shows a classthat could have beenwritten and used
in JavanOwl.

The samesplit-screen development area that is used to write and run programs is used
to write classes.Usersenter their classcode into the sameweb form that they write program
code in. When they savetheir code, it must be saved asa `class'.The classis then saved into
their account. Users can write programs that use classesthey have written by instantiating
an object of that class in their code. In order to run a program that does this, users must
�rst select the classesthey have used in their program, essentially importing the required
classesinto their program code. A list of all classesthe user has written is displayed next to
the `Run Code' button so that they are able to selectall the necessaryclassesbefore running
their code. Then, provided both the program and the classare error-freeand that they have
selected all the necessaryclassesto import, the program will run and the output will be
shown in the output pane.

The effect of allowing users to write their own classesis to gear the learning towards an
OO-�rst approach. It is, however, kept optional — userscan chooseto not write any classes;
they are never forced to write their own classes.This functionality was included asa proof-
of-concept aswell asto cater for thosewho feel comfortable enough with programming and
wish to extend the system by writing and using their own classes.

4.6.6 Studying Data Structures

JavanOwl provides a section for users to study the data structuresthat are commonly used
in programming, such as Stacks,Queues and Arrays. Theoretically, data structures can be
hard for students to understand. Often the best way to explain how data structureswork is
by drawing pictur esof the state of the structure before and after calls to methods that store
or remove elements from it, thus visually depicting the effect of thesemethods. This section
of JavanOwl provides a place where students can explore the behaviour of a particular data
structure. Users can write and run code that usesa data structure, the result of which will
be an animated visualisations of their code.
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The layout of this section of JavanOwl is very similar to that of the section where users
write and run normal programs. The interface is simple: a single-screen development area
that is split into two columns. A panel on the left hand side displays the description of a
data structure that the user has selectedfrom a drop down list. It also contains a web form
into which users can write code. The panel on the right hand side displays the output of
running their code. Figure 4.10shows an example of what is displayed to the user.

Figure 4.10:JavanOwl system after having run a data structure program

Users selecta data structure they wish to study from a drop down list. This displays a
description of the selecteddata structure as well as a list of methods that are applicable to
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that data structure. A small skeleton program also appears in the code text box, which the
user can run. The user can also edit the code provided and run it. The output of running
their program, provided it is error-free, is an animated visualisation of the program. This
provides the user with a graphical representation of their program. The animations have
been created to clearly re�ect the effect causedby a method call. For example, Figure 4.13
was generated from the code shown in Figure 4.11.

MyStack stack = new MyStack();
stack.push("1");
stack.push("2");
stack.pop();
stack.push("3");

Figure 4.11:Example of code that usesthe Stackclass,written in JavanOwl
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4.6.7 Managing Your Files

The user is given the ability to manage their �les. By means of a separate section in the
system, users can view the code and delete programs and classesthey have created. This
section was added for convenience as well as providing the user with a senseof freedom
within the system.

Displaying code simply displays the code on the screen. Deleting code completely
deletes the selectedprogram or class from the user's account. The user is given a chance
to exit the procedure of deleting a program. Figure 4.12shows a user attempting to delete a
program.

Figure 4.12:User attempting to delete one of their programs.

4.6.8 User Forum

The system supports collaboration by providing a built-in web discussion forum so as to
give usersa support system that will allow a collaborative community of peer support and
�le sharing to arise.

4.7 Program Code Visualisations

One main concern was to provide users with immediate feedback — allowing them to get
instant satisfaction from the code they write. One approach to this was to compile and
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run user code 'on-the-�y'. Another approach we took was to provide program code visu-
alisations also generated `on-the-�y' that help explain the effects of the code that the user
is writing. Together, these two approacheshave created a system where the interaction is
basedon a principle of immediate feedback with visibility of causeand effect. When users
submit some code, they immediately receive feedback in the form of a graphical represen-
tation of that code. This graphical feedback emphasizesthe actions the user choseto run in
their program, highlighting the effectsof dif ferent programming structures.

Figure 4.13:JavanOwl animation of a user-written program that usesthe Stackclass.

JavanOwl createsanimated program code visualisations of user code. Each important
event in the user's program execution, such as a method call or a constructor execution,
draws a pictur e of the state of the program after the event has occurred. Each one of these
images becomesa frame in an animated sequenceof images that shows the progression of
the program execution. The effect of this is to show the user, in a simple graphical manner,
how the user program code develops — how each method call or constructor execution
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affects the stateof the program. Figure 4.13shows the sequenceof frames that would make
up the animated visualisation that would be generated from some Stack code. It shows in
somedetail the effect of dif ferent methods in the Stackclass.

4.8 JavanOwl Library and API

JavanOwl includes its own library of classes.This allows learners to work with library ob-
jectsand their methods, through the use of sequencesof statements,iteration and selection.
The result of executing programs that use the JavanOwl library are program code visualisa-
tions.

4.8.1 Classes

Sofar, the classesprovided in the JavanOwl library are the following:

Simple classesprovided for interesting exercises:

� Person class. This class createsa stick person object. It provides methods to add a
hat to the stick person, raise its arms, lower its arms and changethe colour of various
parts of it's body.

� House class. This classcreatesa house object. It provides methods to add a chimney
to the house and changethe color of various parts of the house.

Classesprovided to help explain data structures:

� MyStack class. This classcreatesa stack object. It provides methods to push, pop and
peek strings in to and out of the stack object. This class is intended to be used with
run-time visualisation to help learners understand stacks.

4.8.2 JavaDocsand Related Documentation

Standard JavaDocswere createdand have beenprovided for all the classesprovided within
the JavanOwl library . This is intended to not only give user a referencepoint for available
methods on classesand the respectivesignatures,but also to familiarize userswith the nor-
mal JavaDocformat.
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Chapter 5

Implementation

5.1 System Architecture

JavanOwl has been implemented using JavaServerPages(JSP)[5], along with JavaBeans,
JDBC,an SQL database,and HTML, all run on the server-side, using the JavaServerPages
“Tomcat” web server; software for which is all freely available. JavanOwl hasbeendesigned
to be asportable aspossible,asTomcat runs on a wide variety of systems.The web browser
clients can be very lightweight and require no plug-ins, and avoids browser compatibility
problems. The architecture is therefore easyto provide on both server and

client sides.
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Figure 5.1: JavanOwl system architecture.

5.2 Compile and Run Technology

The system allows users to write simple Javacode, including standard object creation and
manipulation using the library of classesprovided, sequencesof basic statements, iteration
and selection. The system allows users to write their own classesand use them in programs
they write as well. Users enter their code via a web form, which is stored in the database.
They don't have to explicitly compile their code, they simply `run' it. When they run their
code, the sessionbean retrieves their code from the databaseand writes it into a .JSP�le,
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already wrapped with appropriate wrapper code. In order to catch compile errors, the JSP
�le is pre-compiled on the server side using a JavaRuntime processto run a pre-de�ned Ant
Task,and any errors that are caught are parsed and then output to the user. If the user code
is error-free, `Tomcat's JasperEngine then converts the JSP�le into a corresponding .Java
�le. This �le is then compiled by `javac', the JavaCompiler , further converting it into its
corresponding .Class�le. The user's code has therefore essentially been turned into a valid
JavaServlet. This servlet is executedon the server and the user's browser is then redirected
to a page where the result of running the JavaServlet is displayed.

This method of compiling and running user code has been successful thus far. It has
several advantages:

� It does not require large amounts of (possibly non-terminating) Java Runtime pro-
cessesto be initiated — our �rst attempt at compiling and running Javaprograms for
this system included creating JavaRuntime processesfrom the sessionbean,and exe-
cuting the appropriate commands to compile and run the code. This method did not
work aswell aswe had hoped. Our experienceshowed that even with only a few con-
current users, the system would overload the server's processorwith rogue threads
that would eventually crash the system.

� It uses the web server's own technology to compile and run simple Javacode. This
means that no new applications speci�cally designed to compile and run Javaover
the web are needed.

� It allows users to write very simpli�ed Javacode — without the usual `public static
void main (String[] args)' at the beginning. This gives users a chance to get some
code working very quickly (just one line is suf�cient), without needing to learn all the
syntax involved in writing a complete stand alone Javaprogram.

� It is �exible enough to allow users to write their own classesand use them in their
code. SinceJSPallows embedded classesto be written within .JSP�les, it was a simple
enough extension to include user-written classesin the .JSP�le written together with
the wrapper code. The `Tomcat' webserver handles the rest.

5.2.1 Security

Someconsideration was given to security issueseven though the topic is out of the scope
of this project. SinceJavanOwl allows users to write and execute code by executing their
code on the server, the implications of this are quite serious. The user could in theory use
JavanOwl to executecode that accessesthe servers system resourcesor writes to the disk.
Used in a malicious manner, this could causethe server to shutdown, crash or worse, lose
all it's data.

However , the “Tomcat” web server that we are using to host JavanOwl has its own im-
plementation of Java'sSecurity Manager [35]. The developer must �rst de�ne the permis-
sions that a classloaded by Tomcat should have by editting the default catalina.policy
policy �le. The effect of this is to disallow any web applications to accessthe servers sys-
tem resources. Once this is done, the Tomcat web server should be started with a special
command $CATALINA HOME/bin/catal in a. sh start -security to tell it to run in
secure mode — that is, apply the permissions set in the catalina.policy �le. By setting
the correct permissions, security should not be a concern in JavanOwl.
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5.2.2 Code Samples

Below are some code samples of how the user's code gets transformed into valid JSPthat
the “Tomcat” web server can convert into Java�les or servlets, together with explanations
of why the respectiveJSPwas added.

Transforming Code That Uses the JavanOwl Library

Figure 5.2 shows some user-written code that makes use of JavanOwl library objects such
asPersonand House objects,together with the respectiveJSPversion of the samecode. The
JSPwrapper code begins by importing a few necessaryclasses.The JSPwrapper code also
de�nes a few variables in order to simplify the code that users have to write as much as
possible. For example, when JavanOwl transforms code that contains Personor House ob-
jects, it de�nes variables of type Color and gives them names corresponding to the colour
they represent. This is so that JavanOwl users can just type the wor d 'green' when call-
ing methods that require a colour to be speci�ed, rather than needing to specify the object
'Color.green' which would be perhaps too advanced for novice programmers. Therefore,
when the JSP�le is converted into a servlet and executed,the colours which the user speci-
�ed asarguments in their methods are actually variable namesthat refer to real JavaColour
objects. At the end of the �le, it createsthe visualisation of the program code by calling on
the Image classwhich was speci�cally written to write the visualisations out to animated
GIFs.
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Person jerome = new Person(150,"jerome",20);

jerome.hasHat();

jerome.raiseArm(left);

jerome.raiseArm(right);


jerome.setHatColour(red);

jerome.setBodyColour(green);

jerome.setHatColour(orange);


House yours = new House();

yours.setRoofColour(blue);


<html>

<%@ page import="mcs.javanowl.*"%>

<%@ page import="sciexp.*"%>

<%@ page import="java.awt.Color"%>

<%@ page import="java.util.*"%>

<%@ page import="java.io.*"%>

<%@ page import="sciexp.proxy.Person"%>

<%@ page import="sciexp.proxy.House"%>

<jsp:useBean id="Mgmt" class="mcs.javanowl.SQLmgmt" scope="session" />

<%

   Color blue = Color.blue;

   Color cyan = Color.cyan;

   Color yellow = Color.yellow;

   Color black = Color.black;

   Color white = Color.white;

   Color red = Color.red;

   Color pink = Color.pink;

   Color green = Color.green;

   Color gray = Color.gray;

   Color orange = Color.orange;

   String right = "right";

   String left = "left";


      Person jerome = new Person(150,"jerome",20);

      jerome.hasHat();

      jerome.raiseArm(left);

      jerome.raiseArm(right);


      jerome.setHatColour(red);

      jerome.setBodyColour(green);

      jerome.setHatColour(orange);


      House yours = new House();

      yours.setRoofColour(blue);


  Image image = new Image();

  Mgmt.setLastImage(image);


%>

<jsp:forward page="/output.jsp"/>

</html>


Figure 5.2:Transformation of user code that usesPersonand House classesinto JSP
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Figure 5.3 shows some user-written code that makes use of the Stack objects, together
with the respectiveJSPversion of the samecode. Like the JSPwrapper code used to trans-
form user code that utilizes other JavanOwl library objects, the JSPwrapper code in this
casemust �rst import a few necessaryclassesat the beginning of the �le. It must also create
the visualisation of the program code at the end by calling on the Image class.However , no
extra variables need to be de�ned in the JSPwrapper code to simplify user code in this case
asthere is nothing to simplify .

MyStack stack = new MyStack();

stack.push("1");

stack.push("2");

stack.pop();

stack.push("3");

stack.peek();


<html>

<%@ page import="mcs.javanowl.*"%>

<%@ page import="sciexp.*"%>

<%@ page import="java.awt.Color"%>

<%@ page import="java.util.*"%>

<%@ page import="java.io.*"%>

<%@ page import="sciexp.proxy.MyStack"%>

<jsp:useBean id="Mgmt" class="mcs.javanowl.SQLmgmt" scope="session" />

<%

      MyStack stack = new MyStack();

      stack.push("1");

      stack.push("2");

      stack.pop();

      stack.push("3");

      stack.peek();


   Image image = new Image();

   Mgmt.setLastImage(image);


%>

<jsp:forward page="/examples_output.jsp"/>

</html>


Figure 5.3:Transformation of user code that usesStackclassinto JSP
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Transforming Code That Outputs Text and UsesUser-De�ned Classes

Figure 5.4shows some user-written code that outputs text, together with the respectiveJSP
version of the samecode. Figure 5.5 on the other hand shows some user-written code that
usesa user-written class,together with the respectiveJSPversion of the sameprogram code.
In both cases,the JSPwrapper coderequired for this type of user code�rst imports necessary
classes. If the user has de�ned any classesand is using them in their program code as in
Figure 5.5,then the whole classis also written into the �le asan inner class.

output.println("Hello World!");

output.println("");


for (int i = 1; i < 10; i++) {

   if ((i%2) == 0) {

      output.println(i + " is an even

number");

   }


   else {

      output.println(i + " is an odd

number");

   }

}


<html>

<body bgcolor="#FFFFFF">

<%@ page import="java.io.*"%>

<pre>

<%

   setOut(out);


      output.println("Hello World!");

      output.println("");


      for (int i = 1; i < 10; i++) {

         if ((i%2) == 0) {

            output.println(i + " is an even number");

         }


         else {

            output.println(i + " is an odd number");

         }

      }


%>

</pre>

<%!

PrintWriter output = null;

void setOut(JspWriter out) { output = new PrintWriter(out); }

%>

</body>

</html>


Figure 5.4: Transformation of user code that outputs text into JSP

The most interesting feature about this wrapper code is that it declares a PrintWriter
�eld called output and sets it to null. It also declares a method that sets this PrintWriter
�eld equal to a PrintWriter created using JSP'sJSPWriter variable out, which is passed to
it as a argument. Before any of the user's code gets executed, this method is called with
the default JSPWriter out object as it's argument. The effect of this is to de�ne the output
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variable that students can call to print messagesto the output pane as a PrintWriter object
rather than using the default JSPWriter object. The reasonfor doing this is that many of the
methods de�ned for the JSPWriter objects throw IOExceptions. Without this JSPwrapper
code, if usersattempts to write codesuch asout.println("hel lo ") to print a string the
output pane using the default JSPWriter object out, then they would need to put it within
a try catchpair. Similarly , without this JSPwrapper code, if a user writes a method within
their own class that writes out to the output pane, then they would need to declare the
method to throw an IOException. The PrintWriter class has been created to provide the
samefunctionality asclasseslike the JSPWriter class,exceptwithout throwing IOExceptions.
Therefore, by wrapping the default JSPWriter object out in a PrintWriter object, the result is
an object that has the same functionality as out had, except it doesn't throw IOExceptions.
This meansthat userscanwrite simpli�ed code— they do not needto worry about throwing
or catching exceptions. Learning about exceptions is out of the scopeof JavanOwl.
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Hello hello = new Hello();


hello.printHelloOnce();

hello.printHelloManyTimes(5);

output.println(hello.returnsHello());


<html>

<body bgcolor="#FFFFFF">

<%@ page import="java.io.*"%>

<pre>

<%

   setOut(out);


      Hello hello = new Hello();


      hello.printHelloOnce();

      hello.printHelloManyTimes(5);

      output.println(hello.returnsHello());

%>

</pre>

<%!

PrintWriter output = null;

void setOut(JspWriter out) { output = new PrintWriter(out); }

%>

<%!

public class Hello {


   public void printHelloOnce(){

      output.println("Hello!");

   }


   void printHelloManyTimes(int count){

      for (int i = 0; i < count; i++){

         output.print("Hello ");

         output.print(i);

         output.print(" times");

         output.println("");

      }

   }


   String returnsHello() {

      return "hello";

   }

}

%>

</body>

</html>


public class Hello {


   public void printHelloOnce(){

      output.println("Hello!");

   }


   void printHelloManyTimes(int

count){

      for (int i = 0; i < count; i++){

         output.print("Hello ");

         output.print(i);

         output.print(" times");

         output.println("");

      }

   }


   String returnsHello() {

      return "hello";

   }

}


Figure 5.5:Transformation of user code that usesa user-de�ned classinto JSP
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5.3 Server Side Storage

In order to increaseaccessibility JavanOwl has been made portable and client-lightweight
with asmuch processingaspossible done on the server side. All the JSP�les and JavaBeans
are stored on the server. All the user's code is stored in a relational SQL databasestored on
the server. All requestsmade to JSPpagesare sent off to the processor, processed,and sent
back to the client asHTML.

The advantage of making the system as client-lightweight as possible is that no special
plug-ins are required on the client machine. The need for plug-ins can causeproblems as
they are not necessarily always available for all browsers and platforms, nor is there al-
ways a standard between plug-ins for dif ferent platforms. Not using plug-ins avoids the
usersneeding to download special plug-ins for their browsers. JavanOwl userscan use any
platform and any browser to use the system, increasing accessibility. On the other hand, a
disadvantage of this is that the speedof the system relies heavily on the speedof the inter-
net connection of the client's machine and the processingpower of the server machine. If
the server were to be held up by some other processthe whole system may slow down or
possibly collapse.

5.4 AOP and AspectJ for Program Code Visualisation

AOP and AspectJwere speci�cally designed to addresscross-cutting concerns. Therefore,
since program monitoring is considered to be a cross-cutting concern, AspectJwas used to
monitor the objects that the users created and manipulated in their code. The information
gathered this way was then used together with the Graphic2D classin Java'sAPI and a GIF
animator classto generatethe visualisations of the user's program code.

One aspectwas written in AspectJfor JavanOwl. This aspectwas used to monitor all im-
portant join points in the JavanOwl API, that is, constructor executionsand calls to methods
of classesin the JavanOwl API. Therefore, pointcuts were de�ned to pick out eachof these
join points. Figure 5.6 shows one such pointcut. This pointcut, called changePersonPC
was de�ned on methods that changed a Person object. With the use of wildcar ds and log-
ical operators, this pointcut captures calls to all methods de�ned for the Person class that
either begin with the wor d set, hasor raiseArm. The pointcut usesthe designator call to cap-
tur e information about when the methods being monitor ed are called since that is all the
information we needed to collect for the purposes of the visualisations to be drawn. It also
capturesthe calleePersonobject.

pointcut changePersonPC(Person person):
((call(void Person.set*(..)) || call(void Person.has*(..)) ||
call(void Person.raiseArm(..))) && target(person));

Figure 5.6: An example pointcut de�ned for JavanOwl, written in AspectJ

Since pointcuts do not actually do anything, advices were written to contain code that
would be executed when a pointcut picked out a join point. Figure 5.7 shows an advice
written for the pointcut in Figure 5.6. It is scheduled to be trigger ed after the call to the
methods de�ned in the pointcut. This is done so that the visualisation is drawn the call to
a particular method is �nished, just in casethe target program does not executeproperly.
The advice in Figure 5.7�rst adds the calleePersonobject,data that was collected using the
pointcut, to a list of objectskept by the aspect.The advice then createsa new BufferedImage
— essentially a new empty frame of the animation. The advice iterates through the list of
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all objects that have been created or changed in the program so far, drawing eachof them
into the new frame using the Graphics2D library . The result of this is a BufferedImage with
the current state of the program drawn in it. This BufferedImage is then added to a list of
BufferedImages kept by the aspect. The list of BufferedImage will be drawn at the end of
the program, creating visualisation which is shown to the user.

after(Person person): changePersonPC(person) {

getSoFar().add(person);
BufferedImage bi = new BufferedImage(400,400, BufferedImage.TYPE_INT_RGB);
Graphics2D g2d = (Graphics2D) bi.getGraphics();
g2d.setColor(Color.white);
g2d.fill(new Rectangle(0, 0, 400, 400));

for (Iterator iter = getSoFar().iterator(); iter.hasNext();){
Object o = (Object)iter.next();
Class c = o.getClass();
String s = c.getName();

if (s.equals("sciexp.Person")){
Person p = (Person) o;
p.makePerson(g2d);

}

else {
House h = (House) o;
h.makeHouse(g2d);

}
}

getBufferedImages().add(bi);
g2d.dispose();

}

Figure 5.7:An advice de�ned on the changePersonPCpointcut

Pointcuts and advices such as the onesdescribed above were written to handle all calls
to methods and constructor executions in the users program code. Each advice created a
BufferedImage and drew into it the current stateof the program during its execution. There-
fore, it follows that eachmethod call or constructor execution causeda new BufferedImage
to be created. By the end of the target program execution, a list of BufferedImages is cre-
ated. This list of BufferedImages is then used to createthe animations of the program code
since each BufferedImage representsa momentary state of the program. The effect of this
is to have one animation frame for each method call or constructor execution, resulting in
a graphical visualisation of the effects of the methods and constructors called upon by the
target program.

5.4.1 GIF Generation

When a user program has been run by the user and the aspecthas created a corresponding
list of BufferedImages that shows each individual state of the program during its execu-
tion, an animated GIF is generated. JavanOwl usesa GIF animator encoder packagecalled
to.mumble.GIFCo dec to do this. This animated GIF encoder was written by the Mumble
Internet Servicesgroup, to be used in Servlets or other server-side applications and so is
quite suited to JavanOwl.

42



Person me = new Person();
me.hasHat();
me.setHatColour(blue);
me.setLegsColour(red);

Person you = new Person(200,"bob",140);
you.setBodyColour(cyan);

me.raiseArm(right);
you.raiseArm(left);

House mine = new House();
mine.hasChimney();
mine.setRoofColour(green);
mine.setDoorColour(red);

Figure 5.8: Example of code that useslibrary objects,written in JavanOwl

A Java class that handles the creation of the animated GIFs we wr ote. This class re-
ceivesthe list of BufferedImagescreatedby the aspectand usesthe to.mumble.GIFC odec
package to create the animated GIFs. This is done by adding eachBufferedImage from the
list into an AnimGifEncoder object. The result is an animated GIF, where each frame is
a BufferedImage. The animation then displays a sequenceof states of the users program,
highlighting the effects of eachmethod or constructor call. Figure 5.9 shows the frames of
an animated GIF created by the code in Figure 5.8which was written using JavanOwl.

Rather than creating a �le on the server and writing the animated GIF to it, a servlet was
written to handle this. When a user requestsa page with an animated GIF on it, the ani-
mated GIF is written dir ectly out to the response'sOutputStr eam object. Doing this avoids
having to create a �le on the server which could causeproblems with duplicate �lenames
and hard-drive spacesince many users may all use the system at once. Also, this avoids
problems experience with image caching in earlier versions of JavanOwl. Visualisations
play an important role in the JavanOwl system, so it was important that the visualisations
that were being shown to the user were not being cachedby the browser. That would have
beenvery misleading and incorrect.
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Figure 5.9: JavanOwl animation of a user program that usesthe JavanOwl API
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Chapter 6

Discussion

JavanOwl was created in responseto all the problems identi�ed with education in Com-
puter Science,targeting novice programmers in intr oductory Computer Sciencecoursesin
in particular . It was implemented using the technologies which exhibited the largest num-
ber of bene�ts. In order to evaluate the effectivenessof JavanOwl as a programming tool
for beginners, thesetechnological choicesmust be considered. The following is a run down
of some commonly asked questions regarding decisions made about it's design, as well as
someanswers to those questions, basedon observations made.

� What are the advantagesof making JavanOwl a web-basedsystem?

� What are the advantages of using JSPas the main web programming technology for
the backend of JavanOwl?

� What are the advantages of using AspectJ to monitor the programs written by the
users?

� Is AspectJexpressiveenough to capture all the data that may be required?

� How effective are the program codevisualisations provided by the JavanOwl system?

� How well can JavanOwl scalefor larger groups?

6.1 Web advantages

The aim of this project was to make the experienceof learning to program for beginner pro-
grammers easierand more bearable. One way to do this was to target students both before
and during intr oductory Computer Sciencecourses. The easiestway to gain accessto this
wide a variety of people is to utilize the web to distribute the system. The Internet pro-
vides a cheap,easyand rapid method of disseminating information and applications alike.
Users do not need to own a computer — they simply need accessto one. SinceJavanOwl
is completely web-basedand client side lightweight, requiring no plugins or applets, there
are no technical requirements involved in using it. This also includes requirements such as
CPU speedor operating system type, so any old computer with an Internet connection and
a browser will be able to run JavanOwl. Users don't need to download or install any soft-
ware, making the system simple to begin using. This is important asthe target audience for
this system, novice programmers, often don't have much con�dence with computer-usage
in general, so avoiding the need for any complicated downloads and installations may en-
courage them to use the system. Also, web usageis high amongst today's population, even
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for people who suffer from a low level of technical con�dence. Such people still use the
Internet to use systemssuch as online email servicesor simply to read websites. The hope
here is that by being web-basedand client side lightweight, JavanOwl will help thesepeople
make the transition from using the aforementioned servicesto learning to program.

The online natureof JavanOwl makesupdating and maintaining it very straightforwar d.
Changes need only be made on the server-side and not on separateclient machines. Up-
dated versions could be deployed overnight during a pre-announced time and userswould
seethe updated version of the system the next time they log in. This type of maintenance
then appears invisible to the users,creating a seemingly seamlessupdating process.

6.2 JSPadvantages

JSPprovides a way of adding a lot of extra value to web-based systems. As explained
in section 3.1.3, since JSPis kept and executed solely on the server side it is one of the
few existing technologies that does not causecompatibility problems. JavaScriptand Java
Applets can both be used to add signi�cant value to web-basedsystems,but they can both
potentially intr oduce problems to do with browser compatilibity and needing the user to
download relevant plugins. JSPon the other hand has allowed the major functionality of
JavanOwl to be built aswell asmaintaining the client side lightweight. Unlike applications
like Flash, however, JSPdoes not produce very high quality graphics as all we can work
with is Java's graphics API. We have chosen to forgo the aesthetics that could have been
gained by having effulgent eye-catching graphics produced by JavaScriptor Flash in order
to maintain a stable,platform and plugin independent, lightweight system.

Another major advantage of using JSPto build JavanOwl was it's close relation to the
language that the system actually teaches— Java. Since JSPis essentially an extension of
Javafor the purposes of web programming, this meansthat JavanOwl was createdusing the
sametechnology that it is designed to teach. The consequenceof this is that the implemen-
tation of certain aspectsof the JavanOwl system, such as the compile and run functionality ,
was greatly facilitated. As described in section 5.2, Tomcat's own mechanism for execut-
ing JSPwas used to compile and run user-written Javacode. In a sense,JavanOwl can be
thought of asan educational extension to JSP.

6.3 AspectJ advantages

We have examined a few dif ferent methods of program monitoring to collect data about
interesting events in program execution. The event-driven technique provides the bene�t
that it is simple to useand cancapturemany types of interesting information about dif ferene
events. Unfortunately , this method does have the disadvantage of being intr usive and thus
needing to alter the target program. In terms of JavanOwl, although this could be done, it
is not a convenient solution. An API that needs to be altered everytime more information
needs to be captured in order to produce dif ferent visualisations would not be suitable.
AspectJprovides this adequate degreeof separation between the actual program code and
the code that produces the visualisations. AspectJ is also powerful enough to collect the
kind of program execution information that is required for JavanOwl.

6.4 Visualisation using AspectJ

For visualisations, the programmer really needsto decide what changesin the program state
are important enough to be visualised. The programmer can decide, depending on the task
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at hand, what the granularity of the data collected should be. AspectJ'sjoin points are pow-
erful enough to be used to capture information about many interesting events in program
execution. For the purpose of beginner programmers, the kinds of events that should be
monitor ed in order to obtain information that can be used to provide adequate visualisa-
tions are events such as method calls, method executions, object instantiations, constructor
executions, and �eld references.AspectJcan easily monitor theseevents using join points,
pointcuts, designators and advices. In order to capture the type and granularity of informa-
tion needed for the visualisations that JavanOwl currently produces, the main designators
used are the executionand calldesignators. Using pointcuts and thesedesignators, JavanOwl
collects information about when a library classmethod body executesor when a library class
method is called. Thus, the namesof all the interesting methods and constructors in the Ja-
vanOwl library classes,together with wildcar ds and logical operators, have been used in
the execution and call designators in order to monitor them in the program execution.

Visualisation developers must write the visualisation code into advices. Advice code
gets executedat the join points that have beenpicked out by all the pointcuts de�ned in the
aspect. Advices should de�ne what the aspect should do with the captured information.
SinceAspectJ is a Javaextension to AOP, these advices are written in Java. This facilitates
the processof writing code to produce visualisations, asthe visualisation developers do not
need to learn a new language. Java'sGraphic2D API can be used to produce suf�ciently
effective visualisations.

The main advantage of using AspectJ to produce visualisations is that all this informa-
tion can be gathered without any form of intr usiveness. The target program does not need
to be modi�ed at all — the code to generate the visualisations is kept completely separate
from the target code by residing in theseaspects.Therefore, for the purposes of visualising
program code, AspectJ is a powerful tool to collect information with. It is simple to use
and maintains a good degree of separation between the code that generatesthe visualisa-
tions and the target program. This makes Aspectj an obvious choice for the task of creating
visualisations.

6.5 JavanOwl visualisations

The advantages gained by using visualisations in education are many. In particular , the
visualisation of the user's program code in JavanOwl has the potential to make the pro-
gramming experience more entertaining. JavanOwl's program code visualisations are in
the form of animated images where each frame shows a signi�cant step in the user's pro-
gram code. The �nal frame is a visual representation of state that the program is in at the
end of it's execution. Not only does this give the user a dif ferent view of the �nal state of
the program, but it also helps the user seewhat effect eachimportant event (such asmethod
invocations or object construction) actually has on the overall state of the program. It also
highlights the order in which the statements in their code actually occur, visibly showing
the user the nature of top-down nature procedural program execution. This is particularly
important when control structures such as if statements or loops are used in the code, as
thesecausethe �ow of control to be invisibly passedaround rather erratically.

6.6 Scalability

SinceJavanOwl is web-based, it can be used by many usersat the sametime. By providing
an online discussion forum, JavanOwl allows for a collaborative community of �le and idea
sharing to exist. This means that users can work together on JavanOwl, building upon
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eachother's projects and helping eachother learn. The system is therefore caters for larger
groups well.
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Chapter 7

Experience and Usability Studies

7.1 ScienceExperience

Every year our university hosts a “science experience” week for secondary school students.
During the week there are various activities, and our school hosts an activity on learning to
program. We have traditionally used Javaand a conventional programming environment,
but recently we ran the activity using JavanOwl.

The students were from various nearby schools,and were in their 3rd year of high school
making them around 15 years old. This is the type of person we would like to support
in getting more experience in programming before they arrive at university . The students
came from a wide range of backgrounds and had varying abilities, but all had chosen to
participate in the scienceexperience.

Altogether there were about 70 students who took part in our activity on learning to
program. The students worked in 8 separatesessionsof gender-mixed groups of about 8
students each. Each session was one hour long, and each student participated in only a
single session. During the sessions,the students were brought into a computer lab where
after a brief explanation of some basic OO terminology and some simple Javacommands
and syntax (such asobject creation and method calls), they were encouraged to log into the
system and attempt to write somecode that would utilize the classesprovided.

A library containing two simple classeswas provided: a `stickperson' classand a `house'
class. These two classeswere created to provide interesting exercises for the students to
play with. When objects of these classeswere created, an image of the appropriate object
was shown in the `output' side of the split-screen of JavanOwl. The students were able to
modify the method calls and then re-run the programs generating other images. Overall, the
feedbackwas rapid and visual asthe objectsthey createdwere pictorially shown assoon as
they pressed`run', provided their code was correct.

At the end of eachone hour session,the students were asked to complete a simple ac-
tivity evaluation survey. This chapter presentssomeobservations arising from the sessions,
followed by someconsideration of the results of the evaluation survey.

It is worth noting that from an administrative point of view, the use of the web reduced
the administative work needed: for example, no special setup or cleanup was needed for
individual computers or even user accounts.
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7.2 ScienceExperience Results

7.2.1 Observations

As expected, all students wr ote incorrect code at some point during the exercise. At the
time we ran these sessions,we had considered utilizing a Java parser to catch errors in
user code and to presentthem to users in a user-friendly manner, but this had not yet been
implemented. Therefore, if a user attempted to `Run' incorrect code, the browser would
forwar d them a relatively unfriendly raw JSP`Error ' page, crudely formatted, that showed
a terse error message,the line number of the error, and a detail stack trace. We were not
happy about this, but had not had to time to impr ove it, so we stood by apprehensively.

We observed the following behaviour : students would write one or two lines of code,
attempt to run it, and when faced with the `Error ' page, they would treat it as a web page
error and immediately click the browser 's `back' button. It appeared that they did not read
the details of their errors at all. When gently questioned about this behaviour, most students
claimed that they did not need or want to look at the details in the `Error ' pagebecausethey
felt that it was enough to examine the last line of code they had entered since their code
had worked before they had added that line. This highlights an important usability issue
regarding errors, which has lead us to conclude that it suf�ces to display only the �rst error
in user codeand allow usersto manually �x that one error in the code. Novice programmers
don't want to seedetailed screensshowing error stack traces. But they do have a strategy
for coping that we can support.

All but one student claimed to use the Internet at least oncea week. This point supports
the decision to use the web to deploy JavanOwl through a web-browser interface. Since
JavanOwl is targeted at novice programmers, who may not feel very comfortable using or
installing new software,it is important that their attention is focusedon learning to program,
not on learning how to usethe new application. SinceInternet connectivity hasskyrocketed
in the past few years, more and more people have experienced the Internet in one way or
another. This means that in general, people feel relatively comfortable using web browsers
and thus JavanOwl. This was common to al the sessionsand causedus to re�ect on what we
were seeing. For example, we did not have to explain how to use a web browser, �ll in web
forms, or click the `back' button. This is why the error pageswere relatively unpr oblematic:
the students wereused to clicking on web links that led to error pages: their already learned
responsewas to ignore the detail of the error page, but instead to hit the 'back' button and
re-assesswhat they had done.

The fact that the students would generally write one or two lines of code and would
immediately attempt to run it indicates that they like the senseof immediate satisfaction
and feedback provided by such a system. Even when their code worked well, they enthu-
siastically tinker ed with the code, changing parameters, methods, and control �ow , then
watched the pictur e change: they repeatedthis throughout the session,experimenting more
and more. This correspondsto Tanimoto's conceptof `liveness',which postulates the advan-
tages of immediate semantic feedback automatically provided during programming [21].
Userswrite a bit of code and seeimmediately what effect that bit of codehad on the stateof
the program. This highlights the bene�ts of having a split-screensystem where the user can
edit their code on the left and simultaneously seethe output of their code on the right.

Lastly, in what was scheduled for an hour, but with formalities excluded was little more
than 40 minutes, it was impr essiveto seethat everyone did at least write programs, correct
errors, seethe effects,and so engagein programming.
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7.2.2 Evaluation Survey Results

Evaluation surveys were distributed to all students who took part in the sessions.Overall,
31 femalesand 33males �lled in the surveys. The data from thesesurveys was collated and
carefully examined . Below are someof the results.

Figure 7.1shows a graph depicting the dif ferencesin general computer literacy between
males and females. As expected, the females involved in the University ScienceExperience
had had less prior programming experience than the males. Interestingly, more females
claimed to have accessto the Internet. This works well for JavanOwl becauseit suggests
that these students have good Internet accessand therefore would easily be able to use
JavanOwl.

0%


10%


20%


30%


40%


50%


60%


70%


80%


90%


100%


Has used

Internet


Internet access -

Home


Internet access -

School


Internet access -

Work


Has prior

programming

experience


%
 A

tte
nd

ee
s


Female


Male


Figure 7.1:General computer Usage

Figure 7.2shows a graph that illustrates the successrates of the exercises/tasks that the
students performed during the ScienceExperience. The graph shows that overall, students
found the tasksthat wereseteasyto complete. Amazingly , even though the majority of these
students had never programmed codebefore, they wereable to write working code that cre-
ated objectsand ran methods in lessthan an hour and even rated thesetasksas`easy'. Writ-
ing loops was considered to be only `moderately hard' by students who attempted them.
Another interesting observation is that females found all the dif ferent programming tasks
only slightly harder than the males in the group. Theseresultsshow that JavanOwl provides
an easyenvironment for beginner programmers to learn how to program.

Other results show that most participants had no prior programming experience. In par-
ticular, the femalesinvolved in the ScienceExperiencehad only ever had experiencewriting
HTML code and no actual programming languages. This again suggeststhat females are
comfortable with the Internet and web-browsers, making JavanOwl an ideal place for them
to begin learning how to program a more advanced OO programming language such as
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Figure 7.2:Writing code using JavanOwl

Java.Almost all students involved in the ScienceExperience indicated that they would use
JavanOwl again if it were available, with slightly more enthusiasm from the females in the
groups.

7.3 Heuristic Evaluation

Heuristic evaluation is a discount usability engineering method for a quick and easyevalu-
ation of a user interface design, asdescribed by JakobNielsen [36]. Heuristic evaluations are
performed as part of an iterative design processas they highlight potential usability prob-
lems in the interface design of the system being examined. It is quick and easy— anywhere
between 1 and 4 evaluators is suf�cient. This type of evaluation is formativerather than sum-
mative. It is designed to highlight as many problems that can or must be addressedduring
later iterations in the design processaspossible rather than evaluating how well the system
works.

The processof performing a heuristic evaluation on an application involves 4 phases.
The �rst step is a pre-training sessionduring which the evaluators are given a chance to
familiarise themselves with the application. The secondstep is the actual evaluation of the
application. One testing technique commonly employed is to supply evaluators with a truly
representative scenario that lists the various steps that would typically be taken in a usage
of JavanOwl. During the evaluation step, the evaluators perform the tasks detailed in the
scenario they are given, with or without the observer present. They are requested to make
notesof the usability problems they �nd, keeping in mind the ten heuristic guidelines shown
in Figure 7.3. The thir d step involves a debrie�ng sessionduring which the evaluators can
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discusstheir �ndings and re�ect on possible solutions for the problems they found. The last
step of a typical heuristic evaluation is to collate the feedbackfrom the evaluators, compiling
a list of all the usability problems that were discovered during the evaluation together with
the relevant affected heuristics and the respectiveseveritiesof the problems. Theseseverities
are basedon a scaleof 0-4, judged on the descriptions given in Figure 7.4.

Heuristic evaluations highlight speci�c usability problems encountered during the use
of an application. The severity ratings that are attached to eachproblem provide the tester
with a priority list of which problems are critical to application usage and which can be
ignored if there is a lack of time to work on the project. By including the heuristics that are
affected by eachproblem in the results, it enablesheuristic basedsolutions to be found. This
may result in solutions that more dir ectly solve the issuesfound.

1. Visibility of system status
The system should always keep users informed about what is going on, through appropriate
feedback within reasonabletime.

2. Match between system and the real world
The systemshould speakthe users' language,with wor ds, phrasesand conceptsfamiliar to the
user, rather than system-oriented terms. Follow real-world conventions, making information
appear in a natural and logical order.

3. User control and freedom
Users often choosesystem functions by mistake and will need a clearly marked ”emergency
exit” to leave the unwanted statewithout having to go through an extended dialogue. Support
undo and redo.

4. Consistency and standards
Users should not have to wonder whether dif ferent wor ds, situations, or actions mean the
samething. Follow platform conventions.

5. Error prevention
Even better than good error messagesis a careful design which prevents a problem from oc-
curring in the �rst place.

6. Recognition rather than recall
Make objects,actions, and options visible. The user should not have to remember information
from one part of the dialogue to another. Instructions for use of the system should be visible
or easily retrievable whenever appropriate.

7. Flexibility and ef�ciency of use
Accelerators – unseen by the novice user – may often speed up the interaction for the expert
user such that the system can cater to both inexperienced and experienced users. Allow users
to tailor frequent actions.

8. Aesthetic and minimalist design
Dialogues should not contain information which is irr elevant or rarely needed. Every extra
unit of information in a dialogue competeswith the relevant units of information and dimin-
ishes their relative visibility .

9. Help users recognize, diagnose, and recover from errors
Error messagesshould be expressedin plain language (no codes),precisely indicate the prob-
lem, and constructively suggesta solution.

10. Help and documentation
Even though it is better if the system can be used without documentation, it may be necessary
to provide help and documentation. Any such information should be easy to search, focused
on the user's task, list concretestepsto be carried out, and not be too large.

Figure 7.3: JakobNielsen's Ten Usability Heuristics
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0 - I don't agreethat this is a usability problem at all.

1 - Cosmetic problem only: need not be �xed unless extra time is available on project.

2 - Minor problem: �xing this should be given low priority .

3 - Major problem: important to �x, should be given high priority .

4 - Usability catastrophe: imperative to �x this before product can be realeased.

Figure 7.4: Severity Ratings

7.3.1 Experiment

Four evaluators were chosento perform a Heuristic Evaluation of JavanOwl. Eachevalua-
tor was presentedwith a scenario,a list of Nielsen's Ten Usability Heuristics (seeFigure7.3)
and a description of the severity rating. The scenario was constructed by analysing tasks
that actual users in the Victoria ScienceExperience performed so as to make an accurate
approximation of the eventual usageof JavanOwl. SinceJavanOwl provides many dif ferent
features,the scenario was also designed to test every part of the system functionality in the
hope of picking up asmany problems aspossible. Eachevaluator was asked to perform the
stepsoutlined in the scenarioshown in Figure 7.5,recording any problems they cameacross
at any stage during their usage,making particular reference to which of the ten heuristics
described by Nielsen the problem pertained to. The evaluators were also asked to comment
on any other problems they found that were not related to any of the ten heuristics. Until
the results of the usability testing had all been completed, collected and collated, the eval-
uators were asked not to discuss among one another their �ndings. This is important as it
ensures that the problems stated by eachevaluator were their original feelings upon using
the system,not in�uenced by other 's comments.

Once all the evaluations were completed and returned, the results were collated. A list
of all the usability problems found in the JavanOwl system was compiled. This list was
presented to the evaluators, who proceededto give eachproblem a severity rating. These
results are discussedin the following section.
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1. Createa new user account and log into the system.

2. Write a program that usesdoes the following:

� Createsa Personobject

� Puts a hat on the Personobject

� Setsthe hat colour to be green

Savethis program as '�rst' and run.

3. Edit your program so that it now also does the following:

� Raisesthe left and right arms of the Personobject.

� Createsa new Personobject, of a dif ferent height and size.

� Changesthe secondPersonobject's body colour to blue.

Run this program.

4. Choosethe Stackdata structure to study. Run the code provided.

5. Edit the code provided so that it does the following:

� Pushes”1” into the stack

� Pushes”2” into the stack

� Pops an element off the stack

� Peeksat the next element

� Pushes”3” into the stack

Run this program.

6. Write your own class.Call it 'Greetings'. De�ne methods that do the following:

� returns a string that says”hello world!”

� outputs to the screenthe line ”goodbye world!”

� outputs to the screen the wor d ”hi” as many times as the user speci�es (make it take an
integer asa parameter)

Savethis classas 'Greetings'.

7. Write a program that usesthe Greetings class. Make it use 2 of the 3 methods de�ned in the
Greetings class.
Savethis program as 'usesGreetings' and run.

8. Edit your program called '�rst'. Add to it so that it does the following:

� Createsa House object

� Puts a chimney on the House object

� Setsthe colour of the windows of the House object to blue.

Savethis program as 'second' and run.

9. Delete your program called '�rst' from the system.

10. Log out of the system.

Figure 7.5:Scenarioused in Heuristic Evaluation of JavanOwl
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7.3.2 Results and Evaluation Summary

The table of results of the heuristic evaluation that was performed on JavanOwl is shown
in Figure 7.6. The table is structured into sections corresponding to particular functions of
JavanOwl since the scenario was designed to test every part of JavanOwl's functionality .
The formative nature of this evaluation has highlighted several usability problems that can
and should be addressedin futur e work with JavanOwl. However , the averageseverity of
theseproblems is only 2, that is, on average,they were judged to be cosmeticproblems that
only needed to be �xed if extra time were available on the project. Only one usability con-
cern with severity 4 was found: an unfriendly error page. This problem can easily be �xed
and was not found to affect the actual usability of JavanOwl during the ScienceExperience
earlier in the year. Therefore,apart from minor problems, the heuristic evaluation produced
overall promising results of JavanOwl's usability.

Below is a moredetailed description of the most prominent issuesfound within the main
sectionsof JavanOwl's functionality .

Navigation within the JavanOwl System

Positive comments were made regarding the overall effect of the design of the interface of
JavanOwl. The colour schemesand general design were complimented. However , one of
the more prominent concerns regarding the facilitation of navigation in JavanOwl was the
fact that the API and Forum links takes the user to a page that is hard to leave from without
pressingthe `Back' button in the browser. This cancauseusersto feel trapped and confused.
The evaluators agreed that the API and Forum links should perhaps open these pages in
new browser windows. Another suggestion was to utilize frames in the JavanOwl system
so that links such asthesecould be opened in the current browser window without forcing
the user to leave their current task. Another issuethat was found was that the evaluators felt
that the navigation menu was not always particularly easyto see.Although the navigation
bar was kept in the samelocation in the header of every page that it was included in, users
felt it was sometimes hard to follow . The text used for the links in the navigation bar was
coloured white and underlined. The white colour causedsomevisual problems and the fact
that someother non-link text was also underlined in other placesin JavanOwl causedsome
inconsistency concerns.Again, thesetypes of problems would not behard to changeasthey
are featuresin the design of the HTML.

Write and Run Code Functionality

The ability to write and run code through JavanOwl is perhaps the most important feature
of the JavanOwl system. Therefore, it was important to catch as many problems as possi-
ble within this section to ensure that later versions of JavanOwl are as stable and usable as
possible. Evaluators felt that within this section, one of the most prominent problems was
that once a user arrives at the `Write Code' page in JavanOwl for the �rst time, it is unclear
how they should go about writing some code. This page does not provide any template
programs or classesautomatically. JavanOwl's Help section doesprovide sample programs
and classesthat users can simply copy and paste into the form provided in the Write Code
section. They can then save,edit and run this code. Although the evaluators did discover
this after searching through the Help section, they believe it would be simpler for the user
if they could just come into the Write Code section and be presentedwith a template pro-
gram or code straight away. Another problem found in regarding the write and run code
functionality was the fact that some options were available even when they most de�nitely
did not apply. For example, the `Run Code' button is available even when usersare editting
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a class. Clicking on the `Run Code' button in this situation would causean error. It would
be more user-friendly if theseoptions were simply not deactivated or not visible at all to the
user when they are not applicable. This type of problem can be �xed using standard HTML
and JSP.

Visualisations

The evaluators had many positive remarks concerning the visualisations of program code
provided by JavanOwl. They expressedthe value in providing animated visualisations, as
these helped show the exact effect of each method call well. The only problems that were
found were regarding how much information to put into the visualisations. Adding into
the visualisations the line of code that is being executed and thus causing the effect being
witnessed would be bene�cial to the users. Someof the terminology used in the Stackvisu-
alisations were not adequateaccording to the evaluators. The term 'Holding Bay' was used
to describe a `theoretical' place where stack elements are held before or after push or pop
methods are executed. This is not a typical term used in describing such a place and may
need to change. Fortunately, since the code that is responsible for drawing these visuali-
sations has been kept separatefrom the target program code, changesin the visualisations
such asthesewould be easyto make.
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Problem Heuristic Evaluator Severity

REGISTRATION AND LOGIN
When registration fails, data entered disappears and must be re-entered 1 2 3
Login not automatic after registration 7 3.4 1
Terms used in registration are not clear enough 1,2,10 1.3 2

NAVIGA TION
Navigation menu not always clear 1,6 1,4 2
API and foum should open in a dif ferent window 3,7 1,2,3,4 3
Underline texts sometimes links, sometimes not 4 2,3 3
Unnecessarysection headings 3,4,8 1,2,4 1
Inconsistent naming of buttons and terms 4 1 2

HELP AND OOP CONCEPTS
Unfriendly presentation of Help section 2 2 2
Insensitive wor ding in Help section 2,9,10 1,3 2
Help not helpful on what JavanOwl actually offers 1,10 1,2 3
Dif ferencebetween OOP Conceptssection and Help section unclear 8,10 2,3 1
Language used in Help may not be suitable for novice programmers 10 3 3
Methods available in stack description are misleading 5 1 2
Unfriendly error page 2,9 1,3 4

WRITE AND RUN CODE
Unclear how to start coding - no template program or classshown 5,7 2,3,4 3
Empty drop down list and Open buttons available when no �les or classes 1,2,5,10 1,2 2
Systemforgetswhich classesyou previously used in a program 5,6,7 1,2 3
Code not automatically saved when user leavesWrite code page 3,5 2,3 3
Length of wait for responseincreaseswith size of program when run 1 3 1
Object drawn off side of image doesn't createan error 5 3 3
Stackcode appears in Write code section and causesproblems - bug 3 3
Hard to syntax check classwithout writing a program that usesit 5,9 3 2
Problem with samenamed classes- program usesonly the original class 5 3 2
Not much feedback after 'SaveCode' is clicked 1 1 1
No acceleratorsto view help and methods available on write code page 6,7 1,2,3 2
No `Clear' or `New class' or `New program' buttons 2,3,4,6,7,9 1 3
No ability to tab inside text box in browser 3,4,8 1,3 2
Option to Run Code available even when editting a class 2,5,6 1,2,3 3

API
Somemethods in API badly named (hasHat) 10 3 2
API method parameters,units not explained well (position, colours) 8,10 2,3,4 2
Methods that should not be visible to user are documented in API 5 2 3
No example code in API 10 3 2

MANAGING FILES
Display code bug when displaying code that is a special HTML tag 1 2 2

ERROR MESSAGES ABOUT CODE
Error messagesabout code not quite friendly and helpful enough 9 2,3 2
Error messagesometimes misleading (missing ; points at next line) 2,5,9 2,3 3

VISUALISA TION
Unclear what the 'peek' method does in Stackvisualisations 1 1 2
Use of term Holding Bay in Stackvisualisation confusing 1,2,6,8 2,3,4 3
Line of code being executednot displayed in animation 2 3 2

Figure 7.6:Heuristic Evaluation of JavanOwl Table of Results
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Chapter 8

Conclusions

This project has presenteda study of the possible technologies that can be used to remedy
the current problems associatedwith education in Computer Science. Online functional-
ity and program code visualisations were found to be two key elements in the design of
an effective educational programming tool. Aspect Oriented programming was explored
as a program monitoring technique used to build visualisations for educational purposes.
Following this, the design and implementation of JavanOwl, a web-basedprogramming en-
vir onment designed to teachJavathrough program codevisualisations, are then intr oduced.
A discussion of the effectivenessof the technologies used in JavanOwl were evaluated and
presented.The results and observations of an actual experienceof using JavanOwl to intr o-
duce Javaprogramming to novice programmers were recounted. Finally, a heuristic evalu-
ation was used to conduct a formative study on the usability of JavanOwl and its outcomes
were discussedherein.

8.1 Contributions

� We built JavanOwl, a web-based programming tool that teachesJavausing program
code visualisations. JavanOwl was carefully designed to maximise the advantages
of online systemswhile at the sametime magnifying the educational bene�ts gained
in using program code visualisations. This is a unique combination of key design
elementsthat hasnot beenvastly explored in the past. Wesuccessfullyused JavanOwl
to teacha group of approximately 70 novice programmers how to program.

� The results we have presentedin this report show that JavanOwl works. The Science
Experienceprovided qualitative evidence that students who used JavanOwl felt it was
an easyand entertaining systemto use. Although the majority of students who partic-
ipated in the ScienceExperience had no prior programming experience, their overall
impr essionwas that programming is `easy' to do with JavanOwl. Even the more com-
plex programming structures such as loops were considered to be only `moderately
hard' to do with JavanOwl. The females in the groups fared just as well as the males,
allowing them to maintain a reasonablyhigh level of con�dence when dealing with in-
troductory Computer Scienceconcepts.The results of a formative study of JavanOwl's
usability was performed using a heuristic evaluation of the system. This evaluation
did not identify any major usability concerns.

� JavanOwl hasbeenbuilt using acareful balanceof technologies that werefound to best
support the key design elements identi�ed. JavanOwl provides support for learning a
real language, Java,with no special software needing to be installed on learners' com-
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puters. It does not impose any special requirements, apart from having a basic web
browser, on the client side as the system was designed to be client side lightweight.
The system therefore supports accessfrom anywhere — school, home, Internet cafes,
allowing early learners to practice their programming skills and gain a critical prior
familiarity with the subject.

� JavanOwl exploresthe useof Aspect Oriented programming in Computer Scienceed-
ucation — in particular , the application of AspectJ to produce visualisations of pro-
gram code. The JavanOwl system also examines how an online compiler and run-
time environment can be provided without any restrictions or requirements on the
client side. Above all, JavanOwl is an attempt at building a new educational program-
ming tool that incorporates both these key design elements without disadvantaging
eachother.

8.2 Comparison With Related Work

In comparison to other existing educational programming tools, JavanOwl provides boththe
advantages of client side lightweight web-based systemssuch as ubiquitous accessas well
as with the bene�ts of animated program code visualisations. This technological combina-
tion has not been explored much in existing systems. In particular , BlueJ,LearningWorks
and Jeroo, systemswhich provide good program code visualisations, do not function over
the Internet. On the other hand, www.publicstatic vo id main. co mand ELP are both
online systems,but they do not useprogram code visualisations. Jeliot is one system that is
both online technology and supports program code visualisation, but its reliability on Java
applets makes it client side heavyweight, imposing browser constraints and other technical
requirements on the client machine. This makes JavanOwl dif ferent to the existing educa-
tional programming tools. The technologies employed in building JavanOwl make it easy
to use,with a more suitable tool for the target audience.

8.3 Future Work

This project has essentially laid the groundwork for futur e extensions to be made to Ja-
vanOwl. The research conducted examined various approachestowards helping education
in Computer Science,attempting to implement in JavanOwl those which were found the
most bene�cial. Further research into the topics covered in this project, namely the use of
the Internet to deliver a programming environment and the use of visualisations to teach
programming, may discover new techniques that can be incorporated and tested through
JavanOwl. An example result of this is JavanOwl++, a programming tool that was built us-
ing JavanOwl technology. A description of JavanOwl++ is included in Appendix A. Other
possible additions to the JavanOwl techology are described in the sectionsbelow.

8.3.1 JavanOwl API

JavanOwl currently has a small library of classesthat users can work with. Theseclasses
all provide visualisations. This JavanOwl API was constructed as a proof-of-concept, to
show that a more complete library could be also be created without too much effort. Mor e
classesto work with would provide users with a more interesting set of tools. They could
experiment with more objects,gaining experiencewhile using a more entertaining system.
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8.3.2 Tracesand Visualisation Library

Currently, JavanOwl createsonly one type of visualisation of user code. It depicts a graph-
ical representation of a trace of the execution of their program. A simple extension to Ja-
vanOwl would allow the user to view the trace of their program execution dif ferently. The
user could be given a choiceof dif ferent visualisations to view, ranging from other graphical
visualisations of the program trace or even a tree-structured textual trace.

Once aspectshave been written to monitor some particular classes,creating dif ferent
forms of output of trace information is simple to encode. This is becausethe samedata, re-
garding calls to methods and constructors, is collected for all visualisations of traces.There-
fore, all that would need to change would be how this information is manipulated and
formatted for the user to view. A library of manipulations of this captured data for visual-
isation purposes could therefore be made. The aspectswould monitor the user programs
through the use of pointcuts and join points, capturing required information. The advices
de�ned for the pointcuts would call upon a component of the visualisation library to format
the data and output it a certain way depending on the user's choice of visualisation. The
visualisation library to do this could be written in Javaand could be entirely separatefrom
the aspects.

This createsa degreeof separation between the processof program monitoring and the
processof converting this captured data into some form of visualisation. Therefore, Java
developers — not necessarily pro�cient AspectJ programmers — could develop dif ferent
visualisations or representations of the captured data from the executed program. Over
time, extensive additions could be made to the current JavanOwl visualisation feature, al-
lowing many other forms of graphical or textual representationsof the output of the user's
code. One useful example application would be to createUML diagrams of user programs.

8.3.3 Support for Visualistaions of User-Written Classes

JavanOwl createsvisualisations of user program codeby running AspectJaspectsthat mon-
itor the users program. This means,however, that the aspectsthat visualise library objects
must be written and weaved in with the JavanOwl API by developers before the “Tomcat”
web-server hasbeenstarted and before the user cancreatesuch visualisations. An extension
to the current JavanOwl system would allow usersto createvisualisations of programs they
write that use their own classes,not necessarily the JavanOwl API.

8.3.4 Interactivity in User Programs

The programs that JavanOwl allows users to write and run are simple non-interactive Java
programs. When the user clicks the 'Run Code' button, their code is processedaccordingly .
Only when the program execution ends is the output of the program displayed to the user.
Future work could expand the types of programs that usersare able to write and executein
JavanOwl. Users could create and run interactive programs that keep running, effectively
simulating what Javaapplets can do but without the problems such asbrowser compatibil-
ity associatedwith running applets. The aim would be to continue to usevisualisations with
such programs. This would increasethe level of `Liveness' that JavanOwl's visualisations
currently support since users would be able to changeparameters and witness the changes
in a visual representation of their program in real time.
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Appendix A

JavanOwl++

JavanOwl++ is an application that was built for the `Information Systems409: Educational
Technology in the Age of the Virtual University' courseat Victoria University . This applica-
tion was built using the JavanOwl technology. Like JavanOwl, JavanOwl++ is also a web-
based system that is designed to help novice programmers learn how to program. It also
usesprogram code visualisation to more clearly depict the effects of program code. How-
ever, it provides a much higher level intr oduction to programming than JavanOwl. Unlike
JavanOwl, JavanOwl++ only teacheslearners about object creation and object manipulation
(method calls). It does not teach them about any other form of statement, iteration or se-
lection like JavanOwl does. Also, unlike JavanOwl, JavanOwl++ does not allow the user to
write any code. JavanOwl++ works through a point-and-click graphical user interface rather
than allowing the user to write and run their own Javaprograms. The result of this is that
learners can createprograms without needing to know any Javasyntax.

A.1 Overview of Functionality

JavanOwl++ is a structured system designed for self-paced learning. A simple tutorial has
been provided as a way of leading users through the system. The main application area
provides users with a graphical interface through which they can create objects and run
methods on them. The effect of this is that users can essentially create and run their own
Javaprograms without actually writing any code.

A.1.1 Object Creation

Users create objects of the classesprovided by clicking on the buttons labelled with class
names. This then leads the user through a sequenceof steps whereby the user is invited
to enter or select the parameters required for the object constructors. Once the user has
successfully created an object, they will automatically be shown an image of their object
in what is essentially the output pane. This image is dynamically generated on the server
side according to their action. Figure A.1 shows JavanOwl++ after a user hascreated both a
Personand a House object and is in the processof creating another Personobject.

A.1.2 Object Manipulation

Once the users have created an object, they can select the object by clicking on the graph-
ical representation of their object in the image. This then provides the user with a list of
methods available to be run on that object. The user selectsa method, enters the required

62



Figure A.1: Object Creation in JavanOwl++
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parameters and `runs' the method. The image is then regeneratedand redisplayed, graphi-
cally showing the effect of the method just run. Figure A.2 shows JavanOwl++ after a user
has run the hasHat() method on their Person object, and is attempting to now run the
setHatColour(.. .) method on the samePersonobject.

A.2 How JavanOwl++ UsesJavanOwl Technology

JavanOwl++ demonstrates that the JavanOwl technology can easily be used to build other
applications for dif ferent purposes. The sameweb-basedtechnologieshave beenused in the
creation of JavanOwl++: JavaServerPages(JSP),JavaBeans,Aspect-Oriented Programming
(AOP) and HTML, all used in conjunction with a JSP“Tomcat” web server. The JavanOwl++
back-end is very �exible — it will recognize and automatically allow users to use any suit-
able classeswithin the speci�ed library . Currently, JavanOwl++ usesthe JavanOwl library .
The program code visualisation is a dynamically generated GIF, created in the sameway to
how the animated GIFs in JavanOwl were created. For the purposes of JavanOwl++ how-
ever, the visualisations are not animated. As in the JavanOwl architecture, the images are
delivered to the user through a servlet. This avoids writing any image �les to the server as
well asany problems causedby caching.

Overall, although JavanOwl++ provides quite a dif ferent environment for learning how
to program than JavanOwl does, it was built using the sametechnology. The result of this
is that it emphasizesthe power of JavanOwl's technology and shows how it can be applied
dir ectly to support other similar but dif ferent needs.
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Figure A.2: Object Manipulation in JavanOwl++
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