Asynchronous JavaScript Technology and XML (AJAX)
Chrisina Draganova
Department of Computing, Communication Technology and Mathematics
London Metropolitan University
100 Minories, London EC3 1JY
c.draganova@Il ondonmet.ac.uk

Abstract

AJAX is a web development technique for building responsive web applications. The paper gives an ove-
view of the AJAX technique and explores ideas for teaching this technique in modules related to Internet
technol ogies and web devel opment. Appropriate examplesfor usein lab sessions are al so suggested.

1.Introduction

A new type of dynamic web applications with richer interactive and graphical capabilities has emerged
recently. These web applications are developed using a technique called AJAX (short for Asynchronous
JavaScript Technology and XML), which is based on well-established technologies. While in a traditional
web application the user waits for a response and gets an entire page reloaded for each request, with an
AJAX web application the user is not aware when the request is sent and he can continue to interact with
the web browser. The communication with the web server happens in the background and the response
returned to the user’s browser contains only a smal amount of data, which is used to update the page
without reloading.

The congtant change in the technologies used to devel op web applications requires continuous revision of

the web related modules in order to prevent them from becoming obsolete. Before including a new go-
proach or technology in an existing module, several considerations should be taken in account, including

the student’s background, the cohesiveness with the other technologies already taught in the module, the
maturity of the technology, the available resources and the technical support. In addition to these consid-
erations ways of linking the technologies to relevant theoretical concepts in appropriate contexts should be
explored to improve the overall student’s understarding.

This paper aims to share some ideas of how to introduce the AJAX technique in modules related to web

development. The paper is organised in five sections including the introduction. The second section gives
an overview of the AJAX technology; the third section includes a practical example demonstrating the

basic implementation issues, knowledge and skills required for learning the AJAX technique; the fourth
section addresses the educational implications and the last section gives the canclusions.

2. AJAX overview

AJAX (short for Asynchronous JavaScript Technology and XML) is a technique, which combines severa
well-established standards. It enables building more interactive web applications behaving in a smilar
fashion to traditional desktop applications. James Garret [1] coined the term AJAX in 2005, but the tech-
nigue was known before as remote scripting with hidden frames or iFrames. Simple examples related to
remote scripting wit hout using the new AJAX technique can be found in [2], [3] and [4].

In a typical web application the user action such as submitting a form or clicking a hyperlink triggers an
HTTP request, which is sent by the web browser for processing to the web server. The web server proc-

esses the request and it sends back a response, which contains an ertire web page to be loaded on the
user's web browser. While this happens the user is waiting for the response and his interaction with the



web site is blocked. There are many cases where reloading a whole page is not necessary such as real time
data validation, auto completion, master details operations, sophisticated user interface controls, refreshing
data on a page and server-side notifications [5]. AJAX provides away of dealing with such cases, based
on amodel, which enables sending a request to the web server and receiving a response containing only a
small amount of data in the background and refreshing only a specific part of the already loaded web page.

The main key to the AJAX technique is the so-called X mlHttpRequest object, which recently became part
of the JavaScript technology [5] and al mainstream browsers support it. To build an AJAX solution three
technologies are required: HTML/XHTML, DOM and JavaScript [2]. JavaScript language is used to de-
velop the so-called AJAX engine or functionality that handles the communication with the web server, the
user actions and the updates of the web page content. The DOM model of the XHTML pages enables dy-
namic updating of aloaded page and HTML/XHTML languages are used for content representation of the
web pages. In addition to these technologies XML can be used as a standard format for data exchange and

CSS for defining the style of the XHTML/HTML eements. Figure 1 illustrates how the AJAX interaction
mode works.
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The following sequence of steps occursin ageneral AJAX request [6]:

1. Theuser generates an event (e.g. entering input or clicking a button). This event triggersacall to a
JavaScript function.

2. An XmiHttpRequest object is created and configured with arequest parameter that includes the
ID of the component that generated the event and any value that the user has entered.

3. The XmIHttpRequest object makes an asynchronous request to the web server, i.e. while the re-
quest is made the user interface is not blocked. The server processes the request, exchanges any
data required from the data store.

4. Although Figure 1 showsthat the web server returns XML Datain fact the server can return any
fragment of data, which typically isan XML document or a plan text containing the resuilt.

5. The XmlIHttpRequest object cals a callback() function, it receives the data and processes the re-
sult.

6. TheHTML DOM isupdated.

Adopting the AJAX model can bring many benefits to the usability of the web applications by making the
user interface more responsive, faster and graphicaly richer [7], [8]. However this approach has some
disadvantages such as increased complexity of designing, developing and debugging [8], browser incom-
patibilities due to the different JavaScript implementations [1] and lack of suitable tools and frameworks
for building this new kind of web applications [7].



The main factor for AJAX becoming so popular is the adoption of this technique by Google in their pro-
jects: Gmail - gmail.google.com, Google Maps - http://maps.google.com/ and Google Suggest
http://mww.google.com/webhp?compl ete=1& hi=en Other popular web sites using the AJAX technique
include Amazon A9 - http://a9.com, Yahoo! News - http://news.yahoo.con/, Y ahoo Flickr -

http://ww flickr.com/ and Orkut - www.orkut.com. There are also a number of web sites, which use the
AJAX technique to develop functionalities typical for desktop applications such as Writely -
http://www.writely.com/ - web word processor and Kiko - http://www.kiko.com/ - online calendar. These
applications have raised the expectations of the users from the web and pushed the companies and devel-
opers to adopt the new AJAX technique.

3. AJAX example

The best way to demonstrate the AJAX technique and to see the knowledge and skills required for its use
isto look at a practical example. One smple and interesting Ajax application is Google Suggest, which
implements a typical desktop functionality of suggesting values as the user types. The example given in
this section simulates to some degree the behaviour of Google Suggest. It is a simplified version of the
“Autosuggest Text Box” from Chapter 7 [2]. It implements the “ Typeahead” [2] functionality, which
helps the user to type the name of a county in England. More precisely described the functionaity i+
cludes the fdlowing:

? Astheuser typesin atext box the rest of the text box fills with the name of a county that starts

with the letters that the user has typed aready.

? Asthe user continues to type the text box automatically adjusts its suggestion.

? The suggested text appears selected (highlighted).
The example can be tested on http://www3.unl.ac.k:8188/draganov/autosuggest/autosuggest.htm and its
source code can be downloaded from [9].
The example consists of three components. an HTML component that gives the user interface, a
JavaScript component that contains the AJAX engine and a server side component which handles the
HTTP requests/responses and returns the relevant suggestions. In this example XML and CSS are not used
in order to focus on understanding the principle steps in using the AJAX technique.

The HTML component contains a text box (see Figure 2) with an event attribute onkeyup set to a call of
the JavaScript function handleKeyUp(event, this.id). Two parameters are passed in this function: the event
object and the value of the attribute id. As the user types the onkeyup event fires after a change is made to
the text box. The autocomplete attribute of the text box must be turned off in order to eliminate the default
autocomplete functionality provided by most of the browsers.

<p><input type="text" id="txtAuto" onKeyUp = "handleKeyUp(event, this.id)" AutoComplete = "off"/></p>

Fgure 2: autosuggest.htm

The JavaScript component consists of three functions (see Figure 3, 4 and 5). For simplicity the code
shown in Figures 3 and 4 is applicable only for the Mozilla web browser.

The firg function handleKeyUp(objEvent, txtID) detects the character keys using the keyCode property of the
event object and calls the second function requestSuggestions(txtiD) passing the id of the text box as a p
rameter.



function handleKeyUp(objEvent, txtID) {
var iKeyCode = objEvent.keyCode;
Il detects character keys
if (/(iIKeyCode < 32 || (iIKeyCode >= 33 && iKeyCode <= 46) || (iKeyCode >= 112 && iKeyCode <= 123)) )
requestSuggestions(txtiD);

Figure 3 handleKeyUp()

The requestSuggestions(txtiD) function is the main element in the implementation of the AJAX technique.
An XmlHttpRequest object is created and the method open() is called to initialise the object. The open()
method takes three arguments. Request Type — GET or POST, URL — a string indicating the URL to send
the request to and a Boolean va ue indicating whether the request would be asynchronous. When this Boo-
lean value is st to true the request is sent asynchronously enabling the execution of the JavaScript code to
continue without waiting for a response and the user to continue to interact with the browser. Next an

event handler onreadystatechange has to be defined. This event handler is set to anonymous function,

which checks the readyState property of the XMLHttpRequest object. There are five possible values of this
property, which are described for example in [2]. Every time the readyState property changes its value, the
readystatechange event fires and the respective event handler is caled. Vaue 4 indicates that the request
has been completed and all data from the response has been received and the connection has been closed.
When this happens the function typeAhead(suggestion, txtID) is called passing the text retuned in the re-
sponse and the id of the text box to be updated when the returned suggestion is not empty. Finaly the
request is sent by calling thesend() method. This method requires a string parameter for the request body.
The GET request does not have a body, therefore the parameter passed is null.

function requestSuggestions(txtiD){
var objEl = document.getElementByld(txtID);
var httpRequest = null;
if (objEl.value.length > 0){
if (typeof XMLHttpRequest != "undefined")
httpRequest = new XMLHttpRequest();
else
alert("No XMLHttpRequest object available. This functionality will not work.");
Ibuild the URL
var sURL = "http://www3.unl.ac.uk:8188/draganov/autosuggest/suggestion.jsp?txtinput=" +
encodeURIComponent(objEl.value);
/lopen connection to states.txt file
httpRequest.open(“get”, sURL , true);
httpRequest.onreadystatechange =
function () {
if (httpRequest.readyState == 4) {
var suggestion = eval(httpRequest.responseText);
if (suggestion.length > 0)
typeAhead(suggestion,txtiD);

httpRequest.send(null);

Figure 4: requestSuggestions()

The third function typeAhead(suggestion,txtiD) changes the value of the text box to the suggested value and s
lects that part of the text that was not typed by the user.




function typeAhead(suggestion,txtID){
var objEl = document.getElementByld(txtID);
var txtValue = objEl.value;
objEl.value = suggestion;
if (objEl.setSelectionRange) //Mozilla select
objEl.setSelectionRange(txtValue.length, objEl.value.length);
objEl.focus();

Figure5: typeAhead()

The last component is the server side JSP script. It handles the HTTP request and returns the relevant sug-
gestion. To simplify the example the names of the counties are hard coded in an array. In real applications
there will be a daiabase tier that stores the names of the counties. The content type is set to text/plain since
only text is sent back. This component could be implemented in any server side scripting language.

Z;’/o@ page contentType="text/plain; charset=UTF -8" %>
)
String txtUser = request. getParameter( 'txtinput");
String[Jcounties = new String([] {"Avon","Bedfordshire","Berkshire","Bbuckinghamshire”,"Cambridgeshire","Cheshire","Cleveland",
Cornwall "Cumbria”,"Derbyshire","Devon”,"Dorset","Durham”,..........ccccoevvveeeivveranne L
String suggestion =
inti=0;
if (txtUser.length() > 0 {
while (i < counties.length && ! counties [i].startsWith(txtUser) )
|++
if (i < counties.length)
suggestion = counties]il;

out.print("\""+ suggestion + "\");
%>

Figure 6: suggestion.jsp

The implementation of the above example gives an indication of the knowledge, understanding and skills
that are required to apply the AJAX technique. The first component requires basic knowledge of HTML.
The second component requires good knowledge and understanding of the JavaScript language, event
model, HTML DOM, the object-oriented paradigm and HTTP request/response moddl. It also assumes
good programming skills. The last component requires skills in using a server side language and under-
standing of the development of dynamic web applications.

4. AJAX educational implications

In al of the computing courses offered at London Metropolitan University students are given the option to
study modules related to web development and Internet technologies a each leve: certificate, intermed-
ate and honours. Each Internet related module builds on the knowledge and skills gained in modules from
the previous levels including Internet, programming and database modules.

There are a number of reasons that one can list in support of the idea to incorporate AJAX topics in the
Internet related computing modules. AJAX is a popular technique used with open standards and supported
by al magor browsers. It is focused on enhancing the user experience and consequently its use has ex-
panded rapidly. Snce the AJAX approach uses technologies and models that are aready covered in the
Internet, programming and database modules the students have the necessary prerequisite knowledge and
sKkills to study the AJAX technique. Developing simple AJAX examples does not require any extratechni-
cal support and resources. Our previous experience from introducing topics such as Web Services, XML



and mobile web application development shows that students find it interesting and motivating to learn
innovative and popular technologies. The benefits from introducing the AJAX approach for the students
include: developing broader skills and problem solving techniques in web development, improving under-
standing of fundamental concepts related to event driven development, data tree structures, DOM, object
oriented programming and acquiring knowledge in current trends in web development. Some challenges
also could be expected such as overcoming the different level of understanding of the prerequisite con
cepts by the students, developing more suitable examples and finding an appropriate tool or a framework
for rapid development of AJAX applications.

In the certificate level al computing students study two core modules in object-oriented programming
with Java. There are two sessions in the second programming module [10], which considers the event-
driven paradigm in the context of building GUI applications. In the Internet modules students gain under-
standing of key principles related to web applications and skills in design and development of static web
sites. They are also introduced to the client side scripting language JavaScript, CSS and the XML technol-
ogy. At this stage in order to prepare the students for using the AJAX technique examples that focus on
using the HTML DOM, JavaScript Objects and the event model need to be considered. For instance, the
W3 Schools [11] tutorials offer alarge selection of appropriate examples.

The intermediate Internet modules cover development of data driven dynamic web sites. On completion
of these modules the students are expected to be able to design and develop a multi-page web site allow-
ing interaction with a database. The students gain experience of using a server side language and the
HTTP request/response model. The AJAX technique can be introduced at this level by comparing the
traditional method for developing dynamic web sites with the AJAX approach. Idedly one lecture fd-
lowed by atutorial and aworkshop would be sufficient to cover the basis of this topic. Simple AJAX ex-
amples demonstrating real time data validation and periodic refresh for amini chat room application based
on the Ajax patterns suggested in Chapter 3 [2], have been developed. Exercises based on these examples
that require small modifications are appropriate for the lab sessions to further develop the student’ s under-
standing of the AJAX approach.

The examples can be tested on http://www3.unl.ac.uk:8188/draganov/red timedatavalidation/inputdata.jsp
and http://www3.unl.ac.uk:8188/draganov/chatroom/chatroom.jsp, respectively, and their source code can
be downloaded from [9]. These examples focus on implementing the basic AJAX engine in order to pro-
vide students with understanding of the fundamental idea of the AJAX technique.

In the honours level the module related to the Internet is focused on developing an understanding of enter-
prise leve Internet software application programming issues. It coversin depth a number of topics includ-
ing architectural asign patterns, client-side and server-side programming, database connectivity, XML

technologies and Web Services. For the first time the AJAX technique was considered last year in this
module [12] in one lecture session. However, introducing the AJAX approach at intermediate level would
enable the consideration of more advanced topics a honours level that are related to design patterns, web
architectures and frameworks. This approach would be in line with the aim of the module to develop u+
derstanding of enterprise web application development. To demonstrate a rea application of the AJAX

technigue students can be given an example of incorporating Google Maps in their web applications using
the Google Maps JavaScript API [13]. In addition, more examples that demonstrate the best practices of
using AJAX in web applications can be found in The Java BluePrints AJAX Components [14]. At hon-
ours level investigation of different tools and frameworks available for AJAX application’s devel opment
is appropriate [15]. Adopting a tool for rapid development of AJAX functiondity would enable the im-
plementation of more complex examples, enhance the student experience and emphasise more the design
principles rather than the implementation issues.



5. Conclusions

This paper has presented an overview of the AJAX technique for developing interactive web applications.
Ideas of how to introduce the AJAX approach in teaching web development and examples for lab sessions

have been suggested.

Incorporating popular technologies into the computing courses appears to motivate the students and in the
same time it helps them understand better fundamental theoretical concepts. The AJAX technology re-
quires relatively little new knowledge and can be easily included in teaching web development by focus
ing on specific parts of existing technologies and demonstrating appropriate applications. The challengeis
the constant need of updating the material and selecting relevant examples and tools. However, the experi-
ence of learning new technologies and related applications has been rewarding and exciting. The materia
presented here could be used as an example of embedding emerging technologies in the computing cur-
riculum through existing moadul es.
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Can the Fine Arts Inform Software Development ?
(From 20" Century Russian Constructivism to 21% Century Java)

Colin B. Price
Computing Section, Business School, University of Worcester,
Worcester, WR2 6AJ, UK. c.price@worc.ac.uk

Abstract Can a study of Fine Art, paintings and Art Education help us to improve our teaching of
softwar e development in Java? |n arecent study at the University of Worcester, we have found the answer
is“yes’. Through consideration of early 20" Century abstract art and thr ough studies of the processes of
Art education, and through development of programming tasks, we have concluded Art and Design can
motivate our students to appreciate the principles of OOP and to learn to write code in Java. This paper
presents the rationae for our approach, gives details of the implementation and briefly reports on the
effectiveness of our approach. This work has been conducted during delivery of an “Advanced OOP
(Java)” programming module at final-year Undergraduate level, and during a Masters “Conversion”
OOP (Java) module. It is a pilot study, conducted during a single semester. Case studies, including
lear ning materials and student work are provided at associated web-pages.

1. INTRODUCTION

Software development is essentially a creative process, involving the construction of an artefact
which does not yet exist. Thisis not engineering, which is essentially the production of “variations on
atheme” (anew bridge or concrete structure). The engineer is often concerned with the application of
new materias. The architect possesses qualities shared by the artist, but of course grounded in the
need for functionality. So too is the software engineer; like the architect, he employs the current
materials (language) and reflects upon the prevaent styles (patterns), then designs and constructs his
structures (programs).

Parallels between Artists and Programmers may be further explored: How do we educate our
Artists, and programmers? A crucial part of Art education is the study of great Masters, through a
study of their paintings, and through an appreciation of their lives and social context. The
“programming” parale is easy to see: The dudy of Masters corresponds to “reading code” (of the
“greats’, see Section 7), appreciation of lives and contexts corresponds to a study of the historica
development of the Babel of computer languages (e.g., from Smalltalk to Java). In Art education,
substantial time is given to critical analysis and peer review. This corresponds to team programming
and debugging activities. While the work of a “software Master” is like a Bach fugue, a novice
programmer must also engage with this music; any meaningful computer program is not a collection
of isolated chunks of code, but many and highly interrelated chunks. This is even true of OOP. See
Section 7 below.

This paper will strive to show that there are synergies between Art and computing, and that these
synergies are constructive, and that we should acknowledge an “arrow of information” from Art and
Design into Software Development. Richard Gabriel, Distinguished Engineer at Sun Microsystems, is
aso an advocate of Art informing software development; he has proposed the development of a
“Masters of Fine Arts in Software” [2]. In our project we introduce our students to the principles of
OOP via a study of early 20" century abstract painters, especially the Russian Constructivists and
Suprematists. The materials were used with two classes: The first, afinal year BSc. Computing class,
had prior exposure to OOP. The second, an MSc. Computing (conversion) class was meeting OOP and
Javafor the first time. We constantly compared the learning in these two classes which used the same
resources.

We present web-pages containing both learning materials and student work at the url [14] which
explore the ideas presented in this paper.



3. THE NATURE OF PROGRAMMING

Why do we create programs? What are programs? How should we best create programs? These
are in effect metaphysical questions. Redlity returns when we embrace our “subject benchmark
statement” [15] which highlights programming as a core element of our computing curriculum. So
does Denning in his report on the “discipling” of computing [1]. But what about OOP; is this a
language or a paradigm? We view OOP as primarily a methodology of thinking and not a paradigm of
programming; we emphasise the cognitive aspect, c.f. [19]. This methodology induces from the specia
to the general. In our context, a discussion of a number of Artist’s paintings leads to the classification
of dojects within that painting. When these classes are established, instances may be created in code,
and placed on the Canvas; this is a process of deduction. These processes of induction and deduction,
used in ordinary life in thinking and reasoning provide a powerful methodology for programming. In
other words, learning OOP should be driven by this methodology and not by the Java (or other)
language?

Our learning materials are essentidly graphica; the “console” is used for student-elicited
debugging messages. The rationde for using an interactive graphica approach to learning and
teaching programming is not difficult to support: A graphical visudisation of the students
modification of code is rapid and information-rich. But aso, in this context of an inductive-deductive
relationship with Art, students are mativated to be creative. The question remains how to implement
an interactive graphical learning environment? Some educators support the use of specially crafted
graphica libraries to hide away the “complexities’ of Java AWT and Swing, such as the “Nice
Graphics Package” developed at Brown University. We choose not to do this, but to present the AWT
and Swing packages as a learning experience for our students, involving a “drilling-down” into the
Java APl class tree, discovering where attributes and methods reside and how they are inherited.
Activities based upon a study of the Java classes are themselves metgphors for the study of the
Artworks of the Grand Masters.

4. ALGORITHMIC ART — WHAT OUR PROJECT ISNOT

This is certainly not the first project to argue a connection between Art and programming. But
previous work has emphasised the use of programs to generate Art, e.g., the Processing project at MIT
[11] and the inclusion of a Java programming module in a Fine Art course [15]. We refer to these
gpproaches, which in effect produce visuaizations of algorithms as belonging to the “Algorithmic
school”. Algorithmic art is like an arrow flying from programming to art, producing (viable) at by
programming (algorithms), such as classic visualizations of Mandelbrot and Julia sets. Recent more
subtle attempts [9,11] have not really shifted the paradigm. Our work effectively proposes Art as a
metaphor for OOP: Looking a an Artwork involves categorization, discovering base classes and
dependencies, inheritance. Metaphor and categorization have been studied by the linguist Lakoff, [7],
a study of his theories may be useful to understand the learning and teaching of OOP. Similarly the
“Cognitive Dimensions framework” of Green [3], which is designed to evaluate the usahbility of
information artefacts, could be used to identify how intended learning outcomes are actually supported
by the programming tasks. A good analysis of the methodologies associated with the construction of
Algorithmic Art is provided by the artist Roman Verostko [20].

5. OVERVIEW OF THEM ODULES

The 12 weeks of module delivery are split into two phases. Phase 1, comprising 5 sessions,
established the principles of OO Programming. Despite the concerns of some educators, we definitely
take “Objects first”. Here the students worked through 5 activities comprising a severa tasks. Tasks
contained base code, supplied by the tutor, which the students modified and extended. This provides a
rich environment for investigation. All students started of f with the same base code, allowing sharing
of understanding and peer-review of individual s development. In Phase 2 the more technical aspects
of Java were discussed; from files, images, to RMI and the 3D JOGL library [4]. Also, techniques
used in Phasel (such as Swing events) were discussed. This approach to learning is iterative; students
have a rich space to be constructive and the tutor has opportunity to reinforce understanding of
language specifics.



A discussion of our pedagogy has been given elsewhere [12]. The fundamental idea is to provide
a rich learning environment which may support may different learning styles, especialy active
learning where each student constructs their own knowledge and understanding. This process is
iterative, as noted by Soloway, we should provide an environment which (i) proposes severa solutions
to a problem, (ii) provides severa aternative decompositions of a problem through exploration and
experimentation, (iii) produces a synthesis of a solution through analysis of these aternatives, (iv)
alows implementation of the solution in software, and (v) encourages reflection on this process
[18,19].

To model the actual iterative dynamic process of learning, we were influenced by a number of
approaches. The first was Kdb’'s “learning circle” [6] which models learning as an interactive lbop
from (i) experimentation (ii) to obtain a concrete experience, (iii) and reflection on that experience and
finaly (iv) to abdraction. We implemented this by requiring the students to maintain a learning
journal, where at the end of each “activity” they were invited to reflect upon their work during the
activity. Kolb's abstraction stage was dotained via class discussion. The second influence is the
relationship between processes of action and reflection proposed by Schon [16].

5. PHASE-1 ACTIVITIES

In the first session of instruction, we looked at the work of Maevich, (e.g., Fig.2). A class
discussion of severa of his works soon led © the identification of similar, common elements. A
classification of these elements was made, and so we converged to the notion of “Class’ (elements
which shared common “attributes’ (such as form) and then the notion of “objects’ as “instances’ of
those dasses actually painted on the canvas. Suddenly, the need for a “canvas’ class emerged! We
also discussed the visitors to an Art galery and their relationship to the Artwork. From this emerged
the need for a “GUI” class which captures the interaction of the viewer with the canvas. Our find
classification became (i) Art components (or “objects’) drawn on the (ii) “canvas’, which itsdf was
viewed by (iii) the “vigitor” viaa GUI.
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Figure 1. Malevich Self Portrait Figure 2. Classes and Dependencies

In terms of OOP, this generated three “base” classes. ArtObject, DisplayCanvas, and
ArtworkGUI. The discussion moved on to identify the “intrinsic qualities’ of these classes (e.g., width
and height of the DisplayCanvas) and so to the concept of attributes. Then a discussion of methods
debated where the “draw()” action should be located. Conclusion - within the ArtObject class; each
element s responsible for drawing itself. Revisiting the classification of ArtObjects soon led to the



notion of a hierarchy, i.e., sub-classes and inheritance. Following these discussions, a small set of Java
classes was coded by the tutor which were used to generate a series of activities and tasks where the
students explored the principles of OOP discussed. As mentioned above, programming is a Bach
fugue, a coordinated interrelation of melodies. Theinitia tasks asked the students to instantiate severd
ArtObjects, explicitly in the DisplayCanvas, (later this would be done using arrays or Collections).
Using the congtructors, they explored the meaning of parameters, setting different locations, sizes and
colors, whether the object was filled or outlined. Then they were invited to consider how to extend a
SmpleShape into a ComplexShape discovering the meaning of “ extends”, inheritance and overloading
(viathe draw() method).

At this point we introduced the array data structure, as a means of collecting the multiple objects
were instantiation on the canvas into a coherent whole. A 1D array produces aline of ArtObjects (see
Fig.3(a)). Of course the loop program construct needs to be introduced here. Then the selection “if {}
ese{}” construct was introduced, to vary the color or the ArtObjects produced, or the size of the
IAOs. The natural progression to a 2D array followed, with students experimenting with mathematical
functions, conditionals to produce pleasing 2D canvases (Fig.3(b)). Finaly, we discussed the array, its
limitations (fixed type, and fixed size) and the need for the ArrayList was proposed. Further tasks
explored the use of the ArrayList to support the instantiation and drawing of ArtObjects.

The introduction of the array before the ArrayList may be questionable. Some may suggest that
the ArrayList is more “OOP’ than the array. Maybe, but we have found that students are able to
conceptualize a bounded space of “Excel-cells’ quite easily, and that this understanding transfers
directly into our graphic representation of a 2D array of ArtObjects (or JButtons, €fc.).

Further activities within “Phase 1" introduce (i) the construction of GUIs using Swing, (ii)
dynamic and interacting IAOs, using Threads, (iii) Applets to publish cool constructions on the Web.
One session is devoted to the study of the game “Pingpong”, since despite the lack of emphasisin this
module on game programming, many students request support for this god.
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Figure 3. (a) Left shows the depiction of a 1D array with random association of hue, (b)
Right shows depiction of 2D array with selection structure driven by random numbers

6. PHASE-2 ACTIVITIES

There are two intentions in Phase 2. First to review those technicalities of Java used in Phase 1
(such as Swing events, loading of Files or Images, etc.) and to discuss them in detail. Second is to
introduce new Java technology, such as RMI or IMF, both of which form a substrate for our research
and development at Worcester. Phase 2 is very much directed by the students' needs in developing
their final projects, yet on the other hand, exposure to new material may be of relevance. This material
is presented “formally”, by short tutor input supported by on-line activities which students may chose
to explore if they feel it isappropriate to their project. The pedagogy is simple; to provide a diversity
of materials and approaches to support individual learners, but aso, n discussion, to identify those



technical areas which may be of common use and so need to be discussed in class, i.e., a combination
of autonomous, peer-interactive and class-based learning.

7. READING CODE

Here students were taken into a computer-less learning space and presented with A3 sheets
containing computer code on paperh. A tutor-led discussion of OOP was held, with the class reading,
analyzing and discussing the code. Here we invoke the metaphor of “studying the Masters’. Both
Masters of Art (Cezanne, Picasso, Malevich, Kandinsky and Klee), and Masters of Software (Wirth
and Klein?). The focus shifts from experimentation and visualisation, to analysis, understanding and
verbdisation. Interestingly, verbalisation emerged as a significant issue: Several students who
understood the concepts (as demonstrated by ther ability to use them) had difficulty in finding the
right words to express their understanding. This is an issue which we must follow up. Both BSc. and
MSc. students were given the possibility of using UML Class and Sequence diagrams to aid in this
discussion (using Jude, Bluel, or JGrasp), but, interestingly, no single student engaged with this; they
found the “reading code” activity itself sufficient and of significant education value. These “reading
code” activities seemed to concretize abstract concepts in a complex situation. Students showed that
they understood principles of OOP and of Java syntax when these were incrementally introduced, but
yet had difficulty in assimilating these concepts (i.e. to write code) for a complex application of their
choice. We return to the metaphor of the Bach fugue; so much is going on at once! Through reading
code they were able to investigate and reinforce their understanding of many concepts; inheritance,
polymorphism etc. The hardest concept seemed to be the sequence of message-passing (method calls)
between a plethora of objects (and the referencing required to enable these calls). Here, reading code
really helped. This activity was also transferred to an “assessment itenT for the students’ final
portfolio, much appreciated, and motivating!

The class discussions based on reading code were useful in revealing the grasp of students
understanding. These discussions were lively and fundamentally peer-to-peer, with the tutor often
relegated to the position of a “linesman”, rather than a “referee’” or “manager”. A lot of learning was
going on in these activities, indeed students requested additional “reading code” sessions. However,
we suggest that “reading code” activities cannot exist in a vacuum but should be contextualized, in
response to both the tutor-provided activities, and the student-experienced difficulties.

8. A CONFLUENCE OF UNDERSTANDING

Space does not alow us to present a complete mapping between Art concepts and programming
concepts, structures and syntax in this paper. You are invited to visit our supporting web-pages at [14]
which provide “case studies’ d how concepts of Art may inform our teaching of OOP, as well as
student work. As artists, we paint, as programmers, we code. There are here two different media of
expression, but one shared goal, to produce Artworks which are viable. Consider the Genetic
Algorithm (GA) paradigm, a well known technique in Artificia Intelligence. Applied in our context,
GAs step outsde the action of “painting” and raise the question “how to paint”. GAs produce a
“family” of Artworks, each unique but sharing familiar aspects, concepts of Art. What are these
“concepts’ which are embodied in the GA and other code? These are defined by the established artist,
embodying years of experimentation and discovery. Ther realization as software Art is nothing more
than a redization of the artists own concepts. For example, Klee has taught us to pay attention
between the controlled and the uncontrolled [5]; a diaectic between the specification of the
geometrical and the provisional. In one of our software paintings, we locate a juxtaposition between
programmed composition and user interaction: Rectangular fields define localized dynamics of
“Interactive Art Objects’ (AOs); the artist inserts IAOs onto the canvas which interact with these
fields and a dynamic emerges. The computer “controlled” is Situated against the artist’'s
“uncontrolled’, (which derives from feeling or intuition). The Artist’s expression of free aesthetic
conception is realized through brush strokes and color mix on a physical canvas. This is constrained
by the physical redlity (the physical texture of the brush, the mixing of colors and generation of optical



percept). But also by the physics of the real world. Consider the work of Jackson Pollock where
gravity colludes with his aesthetics to create an Artwork. Can we programme this? Can we
parameterise this? Of course! Thisis asmple interactive smulation task.

Our employment of fields of activity on the canvas was motivated by Piet Mondriaan’s concept of
“dynamic equilibrium”, based on a dialectic between opposites and equilibrium. Mondriaan, Klee,
Malevich and Kandinsky have enthused us to produce many “ArtApplets’ to explore the concept of
visua didectic. The arrow from Art to software is defined by the processes of creating Art. It may
start with a discusson of how to draw lines, how to choose colors, or about which forms are
fundamental. But, fundamentally, an understanding of aesthetics, relationships, and style must precede
commitment to computer code. In a certain sense, thisinvolves atrandation of the “ procedures’ of an
Art concept into a meta-leve of code, as described via OOP.

9. EVALUATION AND CONCLUSIONS

Space does not alow a detailed presentation of the results of our evaluations. Here we describe
only a shadow. Our BSc. students had already been exposed to OOP and Java, so we used a preand
post module Likert attitude test, to determine the effectiveness of the learning. All aspects of OOP
were tested via questions, such as “How well do you understand encapsulation “. The result of this
study was that students had difficulty in knowing when to use a sub-class, or a parameterised the
parent class. The MSc. class was evaluated via a short paper where students discussed the usefulness
of OOP concepts. These papers were ranked by the tutor, and a set of criteria developed for ng
understanding of particular OOP concepts and. Re-reading the papers and applying these criterialed to
assignment of marks reflecting understanding of the OOP concepts. Here one clear issue emerged,
concerning encapsulation. Students suggested that the encapsulation of attributes seemed draconian;
access to an attribute (when made “public”) often made more sense than the need for a*“ get()” method
when that attribute was made private.

It is also interesting to consider anecdotal evaluations of our approach. Following an end-of-
module evaluation, (conducted via a paper-based questionnaire), the following criticisms and praises
were consistently noted by students. Criticisms related to specific OOP or Java concepts. These
emerged during the teaching of the module, and we attempted to provide learning materias to help.
Nevertheless, students flagged these as areas of concern, during the formal module evaluation: (i)
Many students had difficulty in understanding the ArrayList collection, in particular the iterator. In
response to this, we produced an ArtApplet demonstrating the construction, reading and modification
of an ArrayList. This visua aid helped significantly (ii) While “message-passing”, through method
cdls, apparently was understood, a complex sequence of calls was not appreciated, and students could
not easily synthesise their own sequence of cals. This cantered around the need for passing a
reference to calling and called objects. We attempted to address this through the use of UML sequence
diagrams, but students did not engage. However, “reading code’ activities significantly helped here,
where the sequence of messaging was discussed via print-outs of Java source. (iii) Students were
unanimous in their fear of Java error and warning messages, and also of the APl which required a
significant investment of time, despite tutor support.

Points of praise fortunately outweighed these criticisms. (i) Students unanimously reported
that their understanding of arrays and loops, (especialy nested loops) was facilitated by the visua
approach. (ii) The use of parameters to define the attributes of objects (often in conjunction with
Math.random()) was appreciated. Given a task of producing an “appealing” Artwork, students
experimented (and produced good code) using loops, conditionals and parameters. Despite our
“objects-first” approach, this structural material was presented early on and was deemed to be very
useful. (iii) The concept of dynamics as implemented through Threads was appreciated, students
reporting that the immediate visuaization of moving objects was beneficial to their understanding,
e.g., of the deep() method and of message passing,to “step()” and to “draw()” alist of objects.

When specifically asked to comment on the use of Art as a substrate for learning OOP and Java,
students' comments were interesting. (i) Severa had delved into the details of Java2D to produce



interesting dynamical graphica works. (ii) Others reported that analysis of abstract paintings, and
synthesis of their own OOP-Java realizations provided an interesting and worthwhile experience. One
student reported a real appreciation of the connection between programming and Fine Art, and a desire
to take this further into research.

Students aso reported that learning programming was not easy. They appreciated the efforts of
their tutors, but suggested that learning programming is complex, so much must be learned at once;
concepts, syntax, development tools (the IDE), modelling tools and engagement with the Java API
documentation! Just like a Bach fugue!

The tutor’ s assessment of this module may also be of interest. We set up the student assignment as
rather openrended. There was a free choice of one “research” and one ‘programming” assessed
component. Please drill into the module pages to review this [13]. Interestingly, all students, both BSc.
and MSc. classes opted to produce a computer game. This is significant, since a previous ddivery of
this module took computer game development as its context. We had introduced computer games
(“pong”) into this delivery as a vehicle for discussion of threads, interactions and message-passing.
This has clearly distracted our students from appreciating dynamic artworks as abona-fide ground for
learning OOP and Java. We were also disappointed by the negative response of our MSc. students in
researching UML as a useful design tool, and also making a comparison of IDE’s such as JCreator,
JGrasp and Blued. They seemed to have become immersed in the technical details of creating working
code in Java. Indeed, one student suggested that this module be split into two, a “theoretica” OOAD
module and a Java programming module. Unfortunately, at the moment, we cannot resource this.

Concerning the autonomous learning of our students, we report positive results. Some students
engaged with the Art context and immersed themselves in the study of 20"-Century art. One MSc.
student has opted to research this approach as a topic of his dissertation. Another student investigated
collision detection algorithms, to produce a realistic visualisation of fluid flow. Two students became
engaged in the details of Java2D, one chose to investigate imaging, (transformations, rendering), the
other the use of primitive elements to produce an Applet to investigate mathematical functions!

In conclusion, this has been a pilot study, an atempt to cross two disciplines, to investigate the
tutor’s interest in this trans-disciplinary area. The results have been clear: Each studert has been able
to identify a particular area of interest, where the generic concepts of artistic visualization have been
realized, albeit in the production of graphical games. The cohorts involved were small; we expect
around 15 students on the BSc. module and 6 or 7 on the M Sc. While these numbers are conducive to
research, we believe the results are generalizable to larger cohorts, when appropriate scaffolding is
developed. All students produced graphic and dynamic pieces of software of high quality, and asserted
their individua preferences This is laudable. Yet no single student of programming has become an
artist!
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Immersive Learning: Introduction to Programming — Java
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Department of Computing and Information Systems
University of Bedfordshire

Abstract

First year programming has been consistently below the Faculty and University averagesin SPOM
(Student Perception Of Module) reports. An immersive learning style of delivery has been adopted in
an attempt to improve student motivation and outcomes. This paper reports preliminary positive
results.

1. Introduction

The Computing and Information Systems Department of the University of Bedfordshire has used Java
asthe first programming language since the academic year 2000 — 2001. Thiswas initially taught as an
introductory, first semester, 15 credit, programming language module for all students followed by a
second semester, 15 credit, OOP module for all Computer Science and associated pathway students.
The approach used is an objects later method utilising EditPlus2 as a simple IDE together with GUI
1/O.

In the academic year 2004 — 5 this changed to a year long 30 credit programming module for
Computer Science and associated pathway students with a parallel Visual Basic module for
Information Systems and Computer Networking students. The rationale behind this change was to
reduce the assessment load associated with modular schemes, provide a more integrated introduction
to programming in Java for students for whom programming would continue to be a central part of
their degree programmes, and also to provide for Information Systems and Computer Networking
students a Visua Programming environment that would alow Information Systems and Networking
students to gain an understanding of programming fundamentals without taking programming
concepts further in their degrees.

This move resulted in improved SPOM results but they are still consistently below Faculty and
University averages (in some areas). (See Figure 1 for an overview.)

In an attempt to improve the student learning experience, an immersive learning style has been
adopted.

2. Immersive Learning

The mode of delivery that we have developed attempts to integrate presentation and practice so that
learning is immediate and based on materia just presented. This reflects the integrated, experiential,
active and focussed practices central to immersive learning.

AsAusubdl, [1] says, “ A primary process in learning is subsumption in which new material isrelated
to relevant ideas in the existing cognitive structure on a substantive, non-verbatim (sic) basis.
Cognitive structures represent the residue of all learning experiences, forgetting occurs because
certain details get integrated and lose their individual identity.”

! Paul. Sant@beds.ac.uk
2 Des. Stephens@beds.ac.uk



CIS9141 (Sem2) Introduction to Programming - Java ¢ University Mean (10661)
= CATS Mean (4901)
CIS91-1 Mean (13)

Questions
Q1.Module runs smoothly

Q7.Mod assessment clear

Q12.F/back recd was informative

Q13.Good explanations

Q14.Usage of knowledge & skill

Q15.Staff interested in student views
Q16. Retrieve and use info effectively

Q17.Comm/present info effectively

Q18.Apply method to problem solving

Q19.Work well with others
Q20.Rate module

1=EXCELLENT
2=GOOD
3=SATISFACTORY
4=POOR

5=VERY POOR

Figurel —SPOM Sresult for CIS91-1

Further, we encourage the students to work with colleagues in the laboratories and to engage with staff
on their immediate problems. We do thisin the light of findings by Lackney [2] that

“The brain develops better in concert with other brains — intelligence is valued in the context of the
society in which we live.”

The phrase “immersive learning” has been described as [3]

“The theory of distributed representation has a profound implication for pedagogy, as it suggests
that learning (and teaching, such asit is) is not a process of communication, but rather, a process
of immersion. Put loosely, it suggests the idea of teaching not by telling or even demonstrating but
rather through the creation (or identification) of an environment into which a learner may be
immersed.”

This is often taken to mean that we learn through practice in working on something in its “natural”
context - in programming this would be as part of software project team. In our context this means
encouraging students to work with others, not only in the laboratories but also outside of the
University environment (but supported if necessary through VLE interactions).

An extension of this practice has been widely reported in the Virtua Reality Community, see for
example, [4,5].

The pedagogic design that we have evolved consists of moving the lecture from a lecture theatre into
the computer laboratories and combining the lecture with demonstration, practical questions, examples
and slides as well as discourse. This has been achieved by linking the presentation into 3 laboratories
with projection and audio. A wireless microphone enables the presenting lecturer to roam between all
laboratories engaging directly with students.

The staffing ratio enables 1 academic and 1 demonstrator per room of 30 students including the
presenter. The presenter is changed during the session in order to provide variety. At the end of the
presentation period a series of exercises are available for students to work on and submit for
immediate registration of engagement.



The registration of engagement is recorded and forms part of the practica summative assessment
marks, albeit a small percentage (12.5% of overall module marks). Note the registration of
engagement, denoted by significantly attempting exercises, is not a qualitative record of programming
skills. The practical assessment also requires the submission of a selection of documented exercises
with some evidence of research.

In the next section we discuss the students perceptions of our immersive teaching method. The results
shown were obtained via an online questionnaire which was distributed using the University of
Bedfordshire's VLE, BREO. We discuss the genera perceptions that students have, dong with a
comparison of immersive teaching and other forms of teaching that students are subjected to (both
currently, and via previous experience). The results of this initial student feedback suggest some
promising results.

3. Student reactions

In this section we discuss the results of a questionnaire that was distributed to students enrolled upon
the Introduction to Programming module at the University of Bedfordshire.

Each of the students studying the CIS91-1 module is aso registered for other Level 1 modules. This
allows us to compare and contrast the immersive mode with other more traditional teaching modes
(for example, the usual Lecture Practical based approach).

The sample size used here was a class of 57 students (this represents the Level 1 cohort of the
University of Bedfordshire's Computing related degree programme. This excludes those students who
are undertaking Information Systems degrees as these students study Visua Basic.

Let us start by briefly describing how we set up our questionnaire. In order to make sure that we
received feedback relevant to our research we divided our questionnaire up into three sections. Firstly,
we wanted to know how many students had been involved in the immersive teaching mode previoudly.
Therefore the first question was to obtain information about previous experience of immersive
teaching. Once we had established the prior experience of the student cohort we then needed to know
how their experiences of immersive teaching compared to that of other courses, and a genera picture
about how effective immersive teaching was. In the final section of the questionnaire we asked the
students about their own experience of immersive teaching with respect to teaching Java. Overal the
guestionnaire consisted of a set of ten questions and the structure of this questionnaire thus alowed us
to obtain some interests results which we shall now describe.

One of the first questions we asked students was “How familiar are you with the immersive (mixed
lecture, demonstration, practica and assessment) mode of teaching”. The results of this were very
positive (and surprising). 94% of the students asked said that they had an experience of immersive
teaching. Of this 94%, 53% were very familiar. This was quite surprising as we thought that many of
the students would be unfamiliar. However, this may be explained by the fact that many of the
University of Bedfordshire's students enter from Further Education colleges and they may well use the
immersive mode of teaching on aregular basis. Figure 2 shows the breakdown of resuilts.



How familiar are you with our teaching method ?
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Figure 2 - Resultsof Question 1

The next two questions related to a comparison of the immersive mode of teaching with other forms of
teaching (at Level 1 at the University of Bedfordshire). The results were positive. When we asked
students to rate the immersive teaching method against the other forms of teaching that they have
experienced, approximately 57% said that the immersive mode was better than the other forms of
teaching that they had experienced. Thisis a positive result and shows that integrating demonstrations
and practical’s into a lecture enhances the $udents experience. Figure 3 shows how immersive
teaching compared to other forms of teaching.

Q2) How would you rate this method of teaching against other forms of teaching that you
have experienced?

40.00%

35.00%

30.00%

25.00%

20.00%

15.00%

Number of students (percent)

10.00%

5.00%

0.00% T T T T T

Much better Better Same Worse Much worse Unanswered

Answer

Figure 3 - Comparison of immer sive teaching againgt other forms of teaching

In addition to comparing the immersive mode against other teaching methods, we aso wanted to
compare the students experience across the current forms of teaching that they are exposed to on the
other courses that they are studying. The results that we obtained were very positive. Of the students
surveyed 64% felt that the immersive teaching that they experienced was better (or much better) than
the other forms of teaching to which they have been exposed during their first year of study at the
University of Bedfordshire. This could be due to the fact that students are not only provided with
knowledge, but also encouraged to practice (via class problems) the materia to which they have been
exposed, during the lecture. This allows them to apply their knowledge to particular problems, thus
possibly enhancing their learning experience.



As well as having a cross comparison with other modules, we wanted to find out whether teaching
Javain an immersive setting was having a positive effect on the students learning experience.

In order to determine how effective the immersive teaching in Java we asked a series of questions
which asked about the students perception of immersive teaching, whether students felt that the
immersive teaching mode improved their understanding of Java and whether immersive teaching was
beneficia when it came to assessment.

In terms of student perception with respect to immersive teaching, 55% of the students surveyed said
that the immersive mode of teaching was good/excellent. To back this result up when students were
asked whether the immersive form of teaching had greatly improved their understanding of Java
roughly haf of the students surveyed agreed that immersive teaching had improved their
understanding.

In terms of assessment, 52% of students felt that this method of teaching would enhance their
performance in the assessments of the CIS91-1 module.

Since this is the first time that the immersive mode has been applied to learning Java, one of the
important aspects that we needed to consider was whether the length of the session (4 hours, 2 hours
of which are lecture, demonstration and practice, and a further two hours of assessment) was having a
positive or negative effect on the learning experience of students.

As part of our questionnaire we included a comments question in which students could tell us of their
experiences. The majority of comments were positive, but one area which was highlighted by students
was that the length of the session was too long. Therefore, we are currently investigating whether
breaking the session up would improve this aspect for the students. It may be that if the session is split
into two sessions (maybe one at the beginning of the week and one towards the end) that the students
learning experience isimproved. Thisis an area of further investigation and we hope to report on this
aspect in future research.

In the next section we draw some conclusions and suggest some further work.

4. Conclusonsand Further Work

It would seem from the results above that immersive teaching has had a positive impact upon teaching
Java at the University of Bedfordshire. These results provide a positive response to immersive
teaching in the Higher Education sector, but obvioudy immersive teaching may not be the best form
of teaching for other courses within computing, or indeed within other disciplines. However in Java it
seems that immersive teaching is a highly successful method.

We hope that we have laid the foundations for the successful implementation of immersive teaching
with respect to Java and we hope that this form of teaching can be applied to other areas and
disciplines in the near future. The full results of the questionnaire can be seen in the attached

appendix.

As part of our further work we will take our findings from our initial research (including feedback
from students) and see whether altering the application of our immersive teaching mode will have a
(positive) impact on the student learning process.
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Appendix: Questionnaire Results

Results of CIS91-1 Survey on effect of immersive teaching styles on learning the
concepts of Java

Q1) How familiar are you with our teaching method (mixed lecture, demo, practical
and assessment) ?

Answer Percentage

Very familiar 9.43%
Familiar 43.40%
Some experience 22.64%
Limited experience 18.87%
No experience 5.66%
Unanswered 0%

100.00%
Q2) How would you rate this method of teaching against other forms of teaching

that you have experienced?

Much better 20.76%
Better 35.85%
Same 22.64%
Worse 16.98%
Much worse 1.89%
Unanswered 1.89%

100.00%

Q3) How would you compare this form of teaching with the lectures (of your
other subjects) this year?

Much better 18.87%
Better 45.28%
Same 22.64%
Worse 11.32%
Much worse 1.89%
Unanswered 0%

100.00%



Q4) In terms of your learning experience, how would you rate this form of

teaching?

Excellent
Good
Average
Poor
Terrible
Unanswered

11.32%
43.40%
35.85%
9.43%
0%

0%

100.00%

Q5) How would you rate the following statement: "I found this mode of teaching

was stressful / overloaded my concentration”

Strongly Agree
Agree

Neither Agree nor Disagree
Disagree

Strongly Disagree
Unanswered

7.55%
18.87%

30.19%
28.30%
13.21%

1.89%

100.00%

Q6) How would you rate the following statement: "This mode of teaching is unfair to

students who are unable to attend sessions on a regular basis"

Strongly Agree

Agree

Neither Agree nor Disagree
Disagree

Strongly Disagree
Unanswered

Q7) How would you rate the following statement: "This mode of teaching has
significantly improved my understanding of programming in Java"

Strongly Agree
Agree

Neither Agree nor Disagree
Disagree

Strongly Disagree
Unanswered

Q8) Are you happy with this mode of teaching ?

Yes, | am very happy
Yes, | am happy

| am indifferent

No, | am unhappy

No, | am very unhappy

7.55%
18.87%
33.96%
28.30%
11.32%

0%

11.32%
39.62%

35.85%
5.66%
7.55%

0%

16.98%
41.51%
26.42%
11.32%

3.77%

100.00%

100.00%



Unanswered 0%

100.00%
Q9) When it comes to assessment do you fell that this mode of
teaching is
Very beneficial 13.21%
Beneficial 49.06%
Neither beneficial nor unhelpful 30.19%
Unhelpful 7.55%
Very unhelpful 0%
Not Applicable 0%
Unanswered 0%
100.00%

Q10) How would you rate the following statement: "All my lectures should be delivered
in this way"

Strongly Agree 15.09%
Agree 24.53%
Neither Agree nor Disagree 33.96%
Disagree 18.87%
Strongly Disagree 7.55%
Unanswered 0%

100.00%
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Abstract

This paper considers the teaching of the object oriented scripting language Ruby within the Web
framework of Rails to university students. This paper argues that teaching Ruby on Rails is a good
choice for teaching students appropriate development habits through its rigorous application of the
model-view-controller design pattern in the application code Furthermore, productivity gainsfrom
using the Rails framework means that students can tackle more challenging issues when developing
web sites. This is because most of the defaults for Rails work for everybody so developers can focus
on the business logic and not the obj ect/relational mapping of the CRUD details.

1.0 Introduction

Ruby on Rails [1] has caused a storm of interest in the last two years since it was first introduced [2].
Somehow this seems to have been overlooked by students, who never have heard of it by the time
they arrivein level three (under the Scottish system).

This paper explores the reasons for teaching Ruby on Rails to undergraduate students. The next
section details the technology. The third section describes how it 5 being taught, and the last part
covers lessons learned from the experience to date.

The Ruby programming language was released to the world from Japan by Y ukihiro Matsumoto in
1995. Ruby is an object orientated scripting language. We can write classes to model rea world
objects and have them interact in away familiar to us [1,3]. The same as with Java, for instance, we
can have our sample application model ships that go on cruises filled with customers booked into
their reserved cabins.

Rails isaframework for Ruby-based web sites that is the result of D. H. Hansson extracting the core
from the work he had been doing on the Basecamp application for 37 Signals. It was released in July
2004 [3]. Rails provides the glue for our Ruby coded sample application to display the correct page
showing on which cruise our customers are booked.

Rails extends the object oriented nature of Ruby by placing its applications into the Model View
Controller design pattern as shown below in Figure 1.



I. The browser requests the URL [1. The Client controller
http://local host:3000/client/list which is handled uses the Customer model
by the ‘list’” method of the Client controller. to query the database and
creates an array of

Browser — Customers.

II1. The array of -

Customer objects are \

IV. The page
isrendered in

the browser passed to the ‘list’

view, which iterates
over the array to
display each
‘customer’ in the page.

Figure 1. Model View Controller in a Rails application

To make the relationships between model, view and controller more apparent, each Rails application
islaid out in a strict format so that the developer knows the ‘best’ place to put the appropriate code.
Methods dealing with the business logic go into the controllers. Callbacks for the models, and details
of their validation go in the modd files. Anything affecting the presentation of the results that have
been gathered by the method in the controller, go into the view. Rails follows, in other words, the
DRY philosophy of ‘do not repeat yourself’[4]. Find the best place in this framework for the bit of
code you're working on, and put it there.

Aswith C#in ASP.NET or Java web gpplications, Ruby on Rails provides code with business logic
behind the page in the browser. However, it is easier to create maintainable applications with Rails
than with C# or Java. The Rails framework means that students do not have to be taught how to piece
the parts together from scratch for anapplication following the Model View Controller design pattern.
With Ruby on Rails the student’ s application has to work within this pattern.

3.0 How we Teach Ruby on Rails at Aberdeen University

Students at the University of Aberdeen on the BSc Degree (Single Honours) in Internet Information
Systems take the module ‘Web Design and Administration’ in level three. This module replaces the
Formal Languages and Compilers module that the other BSc degree Computing students offer, and is
the point a which the streams diverge. At the same time they are dso starting their year long
software engineering group project, which for the first term focuses on design patterns and software
engineering artefacts. In the second term the students deliver their working group project. By this
time all level three students have done two years of Java and one term of C. The module aso has the
feature that more than half of its students are Erasmus students, who come with a variety of
backgrounds and abilities.

About one-third of the ‘Web Design and Administration’ module focuses on teaching a web
application scripting language. A scripting language was deemed appropriate as they study web
application development with Java and C# with ASP.NET in the following term. Alongside this the
module also covers the Web standards of XHTML and CSS, Information Architecture, and
administrative issues around web sites such as content management systems, security, privacy and
mobile web site design.



Since the module started three years ago, PHP was never a satisfactory choice for a language in this
module. While PHP is easy to pick up, it aso leads to messy and hard to maintain sites if the
developer is not strict about the structure for the code produced. Many students repeat code such as
database access and menus in many places instead of using page includes and function files. If
students do not enforce their own rules about code maintainability from the start of their application
building, then they have problems. PHP does not penalise people for messy code, and it can quickly
lead to a maintenance nightmare. In addition, there are always a number of students, who have
already learned PHP, and they lose interest in this part of the course.

A Rails application is the opposite. It is new to students, and excites interest because of its different
development cycle. A new prgect is created with a command such as ‘rails travelagent’ which
creates a project with the model-view-controller directory structure, and the developer has to work
within this as she develops the project. Controllers and models are then added with further commands
such as ‘ruby script/generate scaffold -s Customer Client’ which, in this example, creates the
Customer model and ties it to the Client controller, and generates scaffolding pages associated with
the views of the controller methods. With a third command we can start the integrated Web server
and then, assuming that we' ve aready configured the database, view alist of customers and perform
basic create, read, update and del ete operations on them.

As the students move through the Ruby on Rails part of the module they work with the ongoing
‘travel agent’ example [5]. This example is an understandable scenario to students and works on a
number of levels. It provides a smple scenario to be explored, which can be made as complex as
time allows because of the relationships between the nodes. It also shows that while the basic
CRUD operations can be auto-generated, the developer needs to know what business flow is required
by the Web site in order to build appropriate navigation systems.

After the four two-hour Ruby on Rails practical sessions the basic cruise ship site lets travel agents
book cruises for their clients. The first sets out the basic controllers and models so that at the end the
students have dl of the basic CRUD operations available on the ships, cabins, customers, cruises,
credit cards, addresses, payments and reservations. The second puts the relationships between the
models into place, so that, for example, each customer has one address and many credit cards. The
third practical adds a common menu to the template pages, and explores sessions, while the faurth
looks at filters and helpers in the application.

The basics of Ruby and Rails are introduced as the class progresses from the first practical session
which builds the basic travel agent site. They start with what they need to know to generate and edit
the files, and become familiar with instances and objects. In the second session they work with Ruby
to iterate through arrays as shown in the example below, and how to create and persist objects. In the
third session they learn how to handle exceptions in Ruby, and the fourth covers helpers and filters.

Rails automatically does object/relational mapping for the developer using a default system where it
expects table names to be the plural of the modd class name. Rails developers do not need to work
with SQL directly. Instead Rails generates the SQL query at runtime. Therefore the student becomes
more familiar with working with objects, instead of, as with PHP, having to map back and forth
between SQL results and the variables in the code.

With Rails handling the O/R mapping he students progress further in their application building
during practical sessions. This alows time to explore more complex issues such as the relationships
between models and the association of these classes from a software engineering perspective.

The parent-child relationship between objects and table extends this. It becomes transparent in Rails
as the relationships are stated in the code for the models so that Rails knows that each Customer has
one Address and many Creditcards. There is no need to also write this relationship in SQL unlessit is
to ensure that any other application using the tables also follows the same rules.

In our case we only need the basic model rules in place. On the Creditcard sde we need to declare
that



class Creditcard < ActiveRecord::Base
set_table_name "csd123 credit_card"
belongs to :customer

end

And on the Customer side we declare that

class Customer < ActiveRecord::Base
set_table name "csd123_customer”
has_one :address
has_many :creditcards
has many :reservations

end

It now becomes easy to display al of the credit cards used by a customer without having to write any
SQL. Instead it is a Smple matter of looping through the instances to display the values as shown
below:

<b>Credit Cards.</b> <br>

<% @customer.creditcards.each do |cc| %>

<%= link_to 'Edit Card Details, :controller => 'card’, :action => 'edit', :id => cc.id %>
<%= cc.number %><br>

<%= cc.name_on_card %><br>

<%= cc.organization %><br>

<%= cc.exp_date %o><br>

</p><% end %>

The code above isinterpreted like this: The line <% @customer.creditcards.each do |cc| %> starts the
loop and means ‘for each credit card of the customer, which we'll call cc’. The next line creates a
link labelled *Edit Card Details and links to the edit method in the card controller passing in the
parameter of the creditcard id. The following lines display the useful instance details of the credit
card, and then the loop is ended with <% end %>. Given that each customer has many reservations
per the O/R mapping, we can display them in a smilar fashion.

Students should better appreciate frameworks and how their use speeds development after working
with Rails. The framework forces specific rules to be followed, which is not aways clear to the
students at first. Over time students should understand the model view controller pattern as it also
appears in other classes and they appreciate it as a transferable framework. This is more useful than
what they would learn if they were using PHP and SQL.

The god is to have the student understand that Web development should be a matter of creating
models of the object and then using these as data transfer objects, whose values we can then display
in the web page. The only difference being whether we need to send a single instance, or whether we
need to send a collection of objects, which we then iterate through to display values.

While the travel agent application remains incomplete, it does show how the different parts of Rails
and Ruby help to build a complex application. It shows that by taking away the low level work,
students can dedicate more time to the business logic of the application. Sudents can determine the
best place to take payment: whether it is correct to tie thisinto the reservation process, or to deal with




it separately so that you can take multiple payments for each reservation. We can also use the
example as a backdrop for learning AJAX and for working out best practices for web sites viewed
from mobile phones, as well as how to generate RSS feeds.

4.0 LessonsLearned

This was the second year that we' ve used Ruby on Rails. Last year it was done on a 50:50 basis with
PHP so that half the practicals were done using PHP and then the students switched and did the same
application using Ruby on Rails. That did not seem to make much sense though as one practica
session with Rails brought the students to the same point in the application which took three previous
practical sessions with PHP. Thiswas aresult of Rails doing the ‘grunt work’ of the CRUD details.

This year with more time to work with Rails has meant that the practicals can provide more scope to
explore the complex issues of relationships, which were only skimmed over last year. It was hoped
too that the further development of Rails would have resolved a thorny issue about table names and
model names in Rails. This hasn't happened, and is unlikely to be resolved [6], which means more
work in teaching Rails.

Rails makes many assumptions about the applications it is building so that ‘most of the time the
default options work’ [4] and developers can ignore them. Thisis fine in most situations. However, it
causes problems in a classroom situation when students share a database.

A student using a shared MySQL database takes longer to develop her models and controllers
because afew components need to be put into place to avoid the group overwriting, and deleting each
other’s tables. They each need to prefix their table names with their usernames, and to then tell their
models to use these specified table names. Lastly, they need to turn off the ‘pluralise table names
rule. After these preparations the student can now create their scaffolding and models attached to
controllers with a command like ‘ ruby script/generate scaffold -s Customer’.

However, usudly in the shared situation, nstead of seeing Rails generate visible scaffold pages,
which the students can edit, they see error messages explaining why the scaffolding was not
generated. There is now a diguncture between their building of an application in theory, and how it
works in their own experience. Although the correct files can be provided to them, it ill remains a
bit of a let down for the students, as they implement the kludge of downloading the files and
dropping them into their application instead of generating the files themselves.

A better solution would be to provide each student with a database to use so that they can use Rails as
they would if they were developing on their laptop, or for a firm. Making sure that this can be done
means extra work, but should resolve this one crucial issue.

The travel agent Site dso needs to be spread over a larger number of practical sessions. Some
students felt that we moved too quickly and that it would be better to go over the Ruby more slowly,
while introducing Rails in the first practical.

The last point is that the curriculum needs to be reviewed periodically to see that what is taught in the
classroom is still relevant, and whether something better might be appropriate and available. In this
case Ruby on Rails was a better choice than PHP for the web scripting language. It provides teaching
materias that are better suited to learning about software development in genera, and web ste
development in particular, and which reflect a modern agile orientated software engineering practice
similar to what the students will encounter after they graduate.
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Abstract

This paper proposes the use of an interactive flowchart based visual problem-solving tool and code
generator to address issues faced by novice programmers. Many novice programmers are demotivated
while undertaking their initial stepsin programming due to issues associated with the syntax and
semantics of the programming language, the skill requirements of problem solving and program
design and the devel opment environments they are expected to use. The use of the tool focuses on
using flowcharts to develop visua solutions to basic programming problems from which syntactically
correct program code is generated. The animation features and interaction between the visua and code
representations reinforce student understanding of both the visua solution and program statement
flow. The application of the tool is coupled to a classroom pedagogy based on the principles of
scaffolding support and their combined use aims to increase student comprehension and maintain
student motivation when engaging in the introductory levels of programming.

1 Introduction

Itisawdl established fact that many students find introductory programming concepts difficult to
master [22] . Novice programmers must contend with many new things: the development environment,
the syntax and semantics of a programming language, an understanding of programming concepts and
any paradigm specifics. They also need problem solving skills and strategies in order to solve
programming problems effectively. With so many new thingsto learn, it is easy for students to
become overwhelmed and de-motivated. Our research has identified that many programming
beginners possess weak problem solving skills and have a deficiency in their algorithmic problem
solving abilities. In this paper we propose a programming tool and associated pedagogy designed for
the first term of an introductory programming course. Our aim is to reduce the impact of complex
development environment and language syntax and focus on overcoming weaknesses of agorithmic
problem solving and subsequent development of source code. Addressing these issuesis pertinent to
programming in any paradigm or language and forms an excellent foundation from which the student
may graduate on to more complex concepts. This paper follows on from our earlier work presented at
the JCC10[19].

2 Novice Programmer Problems

Thereis little doubt that students have problems with introductory programming. Roberts states
‘Programming courses are generally regarded as difficult and often have the highest drop out rates
[17]. For al but the best students, introductory programming courses can prove to be very confusing,
especially during the first term. This claim is backed up by the large amount of literature devoted to
the numerous problems of novice programmers, that identifies the following issues:

?  Thesyntax and semantics of the programming language;
?  Program design and problem solving;

?  Development environment;
?

Paradigm specifics such as objects,

The syntax and semantics of a programming language can have a profound effect on the performance
of novices. Mclver [11] states that trivid syntax errors may in fact impede learning, as they distract
students from the fundamentals of programming and problem solving. Empirical evidence suggests
that students who are struggling with syntax often make things worse when attempting to correct
errors. Payne and Myrers [13] highlight many syntactic and semantic difficulties in the languages used
by novices. Many of these prevail in the Java language as pointed out by Biddle [4]. In a three-year
study, Garner et a [8] discovered that minor syntactical errors persisted as the most common cause of
problems for novice programmers in both the stronger and weaker students throughout the duration of
an introductory programming course. Mclver [11] states that novices are forced to deal with syntax
and the individual elements of their algorithms, sometimes to the exclusion of the broader picture of
the problem at hand.

A study by Garner et a [8] indicates that problems of program design come second only to the
problems of syntax and are more prominent than problems relating to the comprehension of individual
language constructs. The problems of program design concur with Sohporer and Soloway [21] who
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claim syntactic and semantic issues are not the mgjor difficulty. They state that, ‘ students have
difficultiesin putting al the pieces together’ and ‘ many problems arise from structure composition
problems' . Window [27] reached a similar conclusion stating, * Study after study has shown that
students have no trouble generating syntactically valid statements once they understand what is
needed. The difficulty is knowing where and how to combine statements to generate the desired

result.” Howell [9] went as far asto say, * Students no longer master problem solving skills, asthey are
no longer emphasized in elementary education. Students have become so wesk in the development of
learning strategies and problem solving skills that it adversely affects independent and meaningful
learning in all disciplines.” This concurs with Robins et a [18], who provide a comprehensive review
of research related to the current problems of learning and teaching programming. In this report they
conclude that the difference between effective and ineffective novices relates to strategies they employ
when applying their programming knowledge. These views imply that in general, novices have weak
problem solving skills. While novices may attain knowledge of the syntax of individua components, it
is clear that novices have significant problems putting all the programming constructs together in order
to express a solution.

Traditionally, many introductory courses immerse their studentsin fully featured professional
development environments. Muller and Hosking believe that the chief difficulty faced by novice
programmers in using the Eclipse IDE is the learning curve necessary to just get started [12]. Reisand
Cartwright [15] state, ‘Professiona IDEs for Javawork well in advanced courses, but they are poorly
matched to introductory courses because they deluge beginning students with a complex array of
features.’ A professiona IDE will be counter-productive to introductory programming, as the vast
array of visual and functional complexity may overwhelm and intimidate a novice. Also, the syntax
error messages generated by these environments are often uninformative and sometimes mideading.

A modern trend in the teaching of novice programming is the objects first approach [2,1,16]. Tools
such as Bluel [2] have made the objects first approach more compelling. As aresult, severa
universities have adopted this approach. By its nature, the learning curve of an objects first approach
is much steeper than the traditional imperative approach. This point is reinforced by Ramalingham and
Weinbeck [14]. Rist [16] warns that object oriented (00) programming is not different; it is more,
because 0o adds overheads such as class structure. Object oriented programmers must learn the basics
of the imperative style, including data types, assgnment, branching, looping, and functions, as well as
the oo features [14]. Therefore, we can assume that objects first novices will encounter many of the
same difficulties (plus more) as students studying from the traditional imperatives first approach. For
this reason, we fedl that objects can only be tackled once the basics of sequence, selection and iteration
have been mastered.

3 Flowchart Visualisation of Computer Programs

Ramalingham et a [14] state that Programming is a highly cognitive activity that requires the
programmer to develop abstract representations of a processin the form of logical structures.

They go on to say that if anovice can attain an accurate mental model, it can positively affect their
success in programming. They also state that developing mental models should remain agoal in
introductory programming courses. This view is consistent with Window [27], who asserts that
models are crucia to building understanding. There is alarge body of evidence to support the notion
that carefully designed visualisations can aid a novice user to develop an accurate mental model, for
example [10,23]. Computerized aids that reinforce mental models of the programming process are
more appropriate for novice programmers than commercia environments [20]. ICT has regularly used
visua representations of its systems at all levels. Flowcharts have traditionally been used to visualise
programming structures and are an excellent form of visuaisation for novices. They can be easily
understood with little or no prior training and provide the novice with an accurate mental model of an
algorithm. Furthermore, flowcharts aid the transition between problem specification and syntactical
solution; this transition is a major cause of difficulty for novices. Westphal et d [26] point out that
‘without the use of diagrams or flow charts, it is difficult for beginners, even with pseudo code to
communicate the flow of a program. For example, the next instruction to follow may not aways be
obvious from reading pseudo code.” While flowcharts are not well suited for large and complex
programs, we fed they are very appropriate for modelling ssmple programs and concepts for novices.
It could be argued that UML activity diagrams are a more appropriate and modern representation.
Activity diagrams bear a close visua and functional resemblance to the traditional flowchart and offer
advanced features that surpass the capability of the standard flowchart notation, such as stereotyping,
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swim-lanes, split and join. These are features that are not needed by novices who are modelling smple
programs [19]. Therefore, in the context of smple novice programs the activity diagram has no
fictional advantage over the traditional flowchart. However, it will be of benefit for novices to
familiarise themselves with this aspect of UML notation as UML may be increasingly important in
their future studies of programming. We do plan to include activity diagramsin the future athough
currently our focus is on flowcharts.

A program that alows the user to construct a program visually via aflowchart based representation
will provide the novice with an effective mental model whilst placing a greater emphasis on the
problem solving tasks of programming. This may help the novice programmers overcome their
problem solving difficulties of abstracting a problem into a solution. With current technology,
computerized visualisations can be dynamic rather than static in nature. Tudoreanu [23] describes
program visualization, also termed agorithm animation, as ‘aform of presenting the execution of a
running computation through the use of animated graphical displays.” Ben-Bassat Levy et d [3] state
that the main benefit of animation is that it offers a concrete model of execution that al but the best
students need in order to understand algorithms and programming. It islogical to assume that by
animating a flowchart we may enhance its effectiveness by visualising program flow and the
interactivity between program components. Thus, we would enhance its efficacy as problem solving
ad.

Recently there have been an increasing utility of flowchart based programming environments.

Raptor [5], Flow Chart Interpreter (FCI) [7] and Flint[6], are flow chart based visual programming
environments designed for novice use. Both Raptor and FCI utilise animated flowcharts with the
basics of sequence selection and iteration underpinning their design. In a study, Carlise et d [5] found
that the average grades of students using Raptor were significantly higher than those using the Ada or
MATLAB development environments. Studies by Crewd[6] displayed similar results. Raptor, FCI and
Flint provide no facility to view or generate computer code in its traditional text based form. While we
don’t want to burden our users with the complexities of writing code, we fed it isimportant for novice
programmers to familiarise themselves with the structure of program code. Completely sheltering the
user from any exposure to program code will cause a steeper learning curve later on when they
graduate from the toal. It is also important for the user to observe the relationship between a flowchart
and the textual code structure that a subsequent design would likely produce. This will enable the
users to relate their mental model to program code. As fina example, the SFC Editor [25] does
provide the visual duality of code and flowchart, athough its lack of execution or animation features
makes it less suitable as a novice debugging and problem solving aid. To run a program, users must
export the generated code to another environment. Using two environments to solve one problem
introduces unnecessary complexity into the learning environment.

4 The Progranimate Programming Aide

We have implemented a tool that allows the user
to focus on improving their agorithmic problem
solving skills. This has been achieved by
minimising the necessity of writing complex and
confusing syntax and reducing the learning curve
associated with professional devel opment
environments, which often cloud the problem
solving processes at the heart of programming.
The basic concept behind the tool isto visualise
the programming task via flowcharts and
automatically generated computer code. Our tool
combines and elaborates on many of the ideas
discussed in the last section. The user interfaceis -
split into three areas of visudisation: the

flowchart, the generated code and the variable inspector. In Progranimate users can create a program
by interacting either with the flowchart or the generated code. They do not have to trouble themselves
with entering large amounts of complex and confusing syntax. As pointed out in section three, we fedl
it is beneficial for students to familiarise themselves with computer code. A feature of our tool isthe
automatic generation of codein avariety of languages, including Java. Thisis generated on the fly as
each flowchart component is defined and added. A program is constructed by choosing a component

B
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from a palette and then clicking on the relevant part of the diagram or program code to add it. A
window will then pop up where the user is able to enter arelevant expression for this component. For
example, “ Hello” + name for a print component, x>= 2 in the case of the If and While components,
or x= x+ linthe case of the assign component. Once the user’s entry has been validated, the
flowchart is updated tidily, and the relevant lines of code are generated and inserted appropriately. The
component palette alows the user to create a program from the following components. Print —
Performs the output of program datato the console window. Read — Allows user entered data to be
input from the keyboard into variables and array elements. Assign — Assigns the value of one
variable/array element to another. It also facilitates the assignment of mathematical expressions,
conforming to the normal rules of precedence. If and IfElse - These structures form standard
decisiona constructs and redirect the flow of program based on the result of the conditional expression
they contain. While - Fecilitates a basic looping construct that relies on the result of the conditional
expression it contains. Program variables and arrays are also added, using the palette. Once created,
the variable / array declarations will appear within the generated code but not the flowchart, as they
play no part in visualising program flow. The program variables and arrays are visudised in the
variable inspector. This alows the user to view, modify or remove the program variables and arrays. It
also alows the user to view the changing state of program variables and arrays during run time. We
believe that the array visuaisation may help to overcome much of the confusion associated with the
novice use of arrays. For example, many novices get confused when working with zero based arrays
because the last element of an array of size ten is stored in index nine. It is also not uncommon for
novices to confuse an array element’ s subscript with itsvalue. By visualising an array’ s size, element
index and element contents, it is hoped that we may prevent much of this confusion by making things
very apparent. We have a so attempted to overcome the confusion often associated with the cryptic
and midleading error messages generated by professiona environments. Error messages generated by
the tool are designed to point the user directly to the source of the problem in plain English. However,
many common errors have been eiminated due to the code generation features. Created programs and
program settings can be saved to file and be loaded a any time. An undo feature is also included as
novices will be prone to making mistakes.

Progranimate provides the facility to animate its computer programs. The animation works by tracing
the program flow as it executes, highlighting each flowchart component and relevant line of codein
turn from start to end of the flowchart. As each program instruction is encountered, the program flow
or values of the variables and arrays elements in the inspector change appropriately. Users can run an
animation at a desired speed, pause a running animation or control each step of the animation
manually. Our research has shown us that novices have trouble abstracting a problem into a solution
and a solution into a program. One cause for thisis a difficulty in understanding the interaction
between program components. Many Novices have trouble combining the concepts of datatypes,
assignment, branching, and looping to derive an effective solution. It is our hope that the animation
feature will provide novices with an accurate mental model of program execution and make explicit
the interaction between the program components. This will also help the user to develop effective
debugging strategies.

4.1 WWW Integration

Aswell as working as a standalone tool, Progranimate can
now be delivered to users via Java Web Start. This allows
the tool to be launched by any computer with Internet
access and Java 1.5. This removes the hassle of installation
and makes it easier to access the tool outside the
classroom. It also makesit possible to launch files
contained within a website directly into Progranimate, thus
making the tool ideal as the centrepiece of an online
tutorial. Another feature of the tool isits ability to be
deployed as an applet. The applet can load files stored
locally or contained on aweb server. It provides play, step, pause and stop buttons for the user to run
an animation. It aso has full accessto the any of the visual elements and features available to the
standard application. This gives the web master the ability to customise the applet by enabling and
disabling its visual elements, changing its dimensions, zoom level, animation speed and program
language. This further enhances its usefulness as an online tutoring aide, as it can be used to visualise
and animate programming concepts directly within aweb page. For example atutorial page may
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discuss a concept such as awhile loop and use the applet to demonstrate this concept by animating it
within the page presenting a flowchart, program code or both representations. The foot of the page
could then pose a relevant programming problem for the user to solve. The users may then click on a
link to launch Progranimate. The tool would then present either a partialy completed solution or a
blank canvas so that the user could attempt or observe the posed problem solution. These features
make the tool ideal as the centrepiece on an online tutorial.

5 Teaching Pedagogy.

In Vygotsky’s[24] social development theory, he defines an instructional strategy commonly known
as scaffolding, aterm which was actually coined by Wood, Burner and Ross [28]. In this context
scaffolding is atemporary supportive structure that assists a student to accomplish atask that he or she
could not complete alone. This supportive scaffolding is gradually removed as the learner becomes
competent at a given task or concept. Eventualy, the am is for the student to be self-sufficient and
able to handle the task or use the concept independently of any supportive scaffolding. Vygotsky
describes scaffolding as adult guidance or peer collaboration. However, in the technological age, this
supportive structure may also encompass computer-aided instruction. This means that a pedagogy
based on these scaffolding theories may be an appropriate choice for an online learning environment
encompassing programming. In Vygotsky’s theories the zone of proximal development (ZPD) defines
the gap between a student’ s independent problem solving skills and the problem solving skills they
achieve with help and guidance. To perform effective scaffolding the tutor (or supportive instructional
environment) should stay within the ZPD, this being one-step ahead of the student’s current abilities.
If the tutor goes outside the bounds of the ZPD (too far ahead or too close to the students current
abilities) little or no little or no learning will occur. In all cases the tutor should act as a scaffold,
providing the minimum support necessary for a students to succeed in each task. This scaffolding
pedagogy is split into four key stages.

? Tutor modelling behaviour for the student

? Student imitating the tutor’ s behaviour

? Tutor fading out instruction and support

? Independent problem solving ability and possible ability to provide scaffolding for less able peers

If we combine the use of an online instructiona environment with a pedagogy based on the
scaffolding approach, we may approach the concepts of programming in gentle steps. As we can
integrate our tool into an online environment, we can use it to greater effect when teaching the basics
of programming to novices. Our plan is to use this approach to further assist the usersin overcoming
their agorithmic problem solving deficiencies. We may then see an improvement in the problem
solving skills, self-efficacy and all around competence in the programming abilities of our novices.

Our pedagogy is currently a proposal and is intended for teaching introductory programming concepts
to undergraduate novices or foundation year students. It is designed to take novices from the basics of
variables, data types, assignment, and decisions though to looping. However, this pedagogy could be
easily extended to encompass arrays. As the students progress though the course, they will combine
newly learnt concepts with the knowledge gained in previous lessons. By getting the students to
continualy revise their knowledge while learning new concepts, we will reinforce potentialy fragile
knowledge that may otherwise be forgotten. As an introduction, the first tutoria will be devoted to
familiarising the users with the online environment and programming tool. We plan to ddliver the each
programming concept in four key stages that gradually removes the support given to the student.
Vygotsky places importance on the socid interaction and collaboration of learners. In our pedagogy
we aim to promote in class discussion and collaboration in its first two stages. Each individual basic
programming structure (sequence, selection and iteration) is covered in the four key stages of our
pedagogy. These stages are based on the four stages of the scaffolding pedagogy discussed above.

Basic Programming Structures and Concept Demonstration

A basic programming structure is discussed and visualised using the online tool. Further
demonstration of additional concepts such as the combining and nesting of these structures are also
visualised and demonstrated. The animation features of the tool reinforce an understanding of program
flow concepts in both the visual and code representations of these structures.

Guided Problem Solving

Using the tool, initial flowchart and code solutions to selected problems are presented to the class and
each student workstation. These are devel oped by the tutor through collaborative class interaction with
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students. Each student actively engages in implementing these solutions on their own work-stations.
Again the animation features increase student understanding of program statement flow and
behaviour.

Assisted Problem Solving

This stage involves students in applying the tool through a series of steps, where at each step the tutor
and system support scaffolding provided is gradualy reduced. Step one provides the student with a
partial visua solution in which some of the components have missing parameters, the student needs to
fill in the blanks from a supplied list of possible parameters. Step two presents students with a partialy
completed solution where some of the components are missing, the student is tasked with completing
the program by adding components from a supplied list of components. Lastly in step three, the
students are tasked with modifying the program created in step two to extend or change its
functionality. These steps can be extended with additional intermediate steps where lists are not
provided.

Un-assisted Problem Solving

In thisfinal stage the users are presented with arange of smilar problems of increasing complexity.
This time the users are given a blank canvas and have to solve the problem from the ground up with
minimal guidance from the instructor and the online environment.

This pedagogy is suitable for the first semester of an introductory course in computing. It may also suit
foundation year and high school students as a valuable precursor to an introductory programming
course. We fedl that thiswill provide an excellent foundation from which the students can graduate
onto more complex topics. A preliminary evauation of the pedagogy and utilisation of the tool is
planned for early 2007 with further evaluations scheduled for mid to late 2007.

6 Conclusions and Future Work.

From our research, it has become very evident that over all, students have a mgjor weakness in their
problem solving abilities, especialy in the context of programming. More specifically, a key difficulty
isin their agorithmic problem solving abilities of abstracting a solution design into a computer
program. Complex development environments, perplexing syntax and paradigm overheads are
clouding the tasks that novices struggle with most, thus adding to the confusion. By focusing the
novices attention purely on the problem solving exercise, we believe that they may better overcome
this key wesakness. In this paper we have presented atool that aims to improve on the problem solving
abilities of novice programmers by attempting to overcome complications of the devel opment
environment, the writing of complex and often confusing syntax, and any paradigm specific
overheads. Thetool alows the user to focus solely on the problem-solving task by minimising al
other distractions. We have proposed to combine use of the tool with Vygotsky's scaffolding
pedagogy. It isour view that this approach will enhance the novices' knowledge of the basic
imperatives of programming that underpin al paradigms and as a result, improve their algorithmic
problem solving abilities. Thiswill provide a solid foundation from which the novice programmer
may graduate to more complex concepts such as objects.

Further development of the programming tool is currently being conducted to advance its usefulness
and flexibility with respect to use within an online learning environment and the described pedagogy .
We are aso plan to provide features that enable functional decomposition within user programs. The
code generation features are a relatively recent introduction into the programming tool. Therefore, to
assess the effectiveness of these features and the proposed pedagogy, further evaluation is needed.
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