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Abstract

The user interface is a very important component in a piece of software as it is the layer
which allows user interaction with the underlying functionality. Within the domain of
digital libraries modification to the interface layer, to make it more appropriate for

target users, requires substantial programming skill.

This research studies the possibility of making a user customisable interface system
by using HCI methodologies for user requirements identification and evaluation, as
well as AJAX (Asynchronous JavaScript and XML) for design and development. The
final prototype allows users to directly design pages by adding, deleting, dragging and
dropping elements in a Web browser. The research ends with an expert evaluation of

such a system where satisfactory results were shown.
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Chapter 1
Introduction

A Digital library is an electronic system of information storage where Web services are
provided for information seeking needs. To date, most research in this area has focussed
on the efficiency and functionality provided by digital libraries, but less can be found
focusing on the user interface and the usability aspects of accessing that functionality.
[13]

For digital libraries, we can split users into two groups: namely system administrator
and system user. System administrators use the functionality provided by the system
to set up an environment which is usable to those accessing the digital library. These
system users are then the final users who engage with the software, but have no control

over the functionality provided or how that functionality appears.

The user group targeted by this project is the system administrator (henceforth referred
to as ’user’ in this document), who will use the system to set up a user interface layer

for digital libraries.

The user interface of software is the layer through which end users interact with the
underlying system. If poorly designed, the underlying system can be unusable and
functionality cannot be accessed. Modifying the interface layer of current digital library
software packages requires knowledge of programming, or at least markup languages
like HTML and CSS. As most digital library administrators are likely to be librarians
or those who merely manage information, it is unlikely that they posses these skills.
The result is that administrators are less able to customise the user interface and thus

make it more usable to their target audience.
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In this project, the evolutionary prototyping methodology from software engineering
[28] and different evaluation methods from human-computer interaction (HCI) will be
adopted during the development. The development process is divided into three cycles
where each cycle has a main objective to achieve; a prototype is also produced at the

end of each development cycle and is then evaluated before entering the next phase.

Finally, to ensure the separation between interface software and digital library software,
we will adopt a component-based architecture. Componentisation is a current trend
in software development; with this architecture, it is possible to replace components
in a system seamlessly. This project, Customisable Abstract Representation Layer for
Digital Libraries (CARL), belongs to a larger project, Flexible Digital Libraries(FDL)

where each project under it is a separate component. Therefore, a digital library can

3

be constructed by establishing a collection of these components. This project aims to
develop a Ul component for project FDL, but is also striving to design the system in

a way so that connections to other digital libraries are possible.

1.1 Problem description

Of particular interest to this project is open-source digital library software as this
affords us the opportunity to modify the interface, without having to implement our
own digital library back end. The user interfaces of open source software projects,
however, are in general perceived to be hard to use or difficult to customise [21]. For
example, to change the look and feel of DSpace [8] (a popular open source digital library
package), requires that users have knowledge of Java/JSP programming and also the
structure of DSpace itself. Similarly, in Greenstone3 [2] (another popular open source
digital library package), interfaces are dynamically generated by Extensible Stylesheet
Language Transformation (XSLT), requiring knowledge of both XML and XSLT before
customisation can be made. For digital library administrators who have no background

in computer science, it will be very difficult to do customisation.

Most digital libraries are based on Web technologies, thus the rendering of interfaces
depends on Web browsers. Not wishing to put a further burden on digital library
administrators, we decided to develop our software to execute within a standard Web
browser. This poses another problem: although W3C had announced various standards

for Web technologies, different browser vendors chose to support different subsets of
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some standards, thus different Web browsers render pages differently. One example is
W3CDOM [34], it is a platform/interface which allows programs to dynamically access
and update contents of a document, such as an HTML document; but different Web
browsers support different subsets of it and functions supported to access the document
are also different. For instance, to acquire a reference to an element in a document,
method getElementByld(Object_ID) is used in Firefox while method all{Object_ID) is
used in Internet Explorer. To overcome this problem, some Web developers choose to
develop different versions of software for different browsers and some choose to develop

software that is compatible with most browsers.

For the development of this project, we decided to make the software executable in
any browser. However, it soon became apparent that preserving compatibility was
going to absorb a disproportionate amount of time. Thus it was decided to develop a
Firefox compatible version of the system, because both this research and Firefox are

open source projects.

Since the introduction of W3CDOM and the increasing level of maturity in JavaScript
and CSS, it is possible now to create an interactive environment in a Web browser,
instead of static HTML pages. Together with other new technologies, such as XML
and XSLT, the idea of user customisable interfaces that allow interactive positioning
of elements within Web browser becomes possible. Thus digital library administrators

can easily modify the interfaces without touching source code.

This possibility is just part of a wider move in Web applications called AJAX, which
breaks the synchronisation in request-response actions of conventional Web applica-
tions. All user actions which do not require server processes are taken care of by
the Web browser itself. AJAX is essentially the combination of some Web technolo-
gies which enable the dynamic manipulation of contents of Web documents — these
technologies include JavaScript, XML/XSLT, CSS and HTML.

1.2 Reason for developing customisable user inter-

face

Software developers are often not HCI expert themselves; interfaces designed can some-

times be hard to use by the target group of software users. The same is true for digital
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libraries. So a possible solution to overcome the problem is to allow users to define and
design their own interfaces. Though allowing this freedom, the system also requires
users to perform some configurations, such as page properties, Web services proper-
ties and site navigation properties, in order to best optimise the usability of the final

interface.

Through the advancement of Web technologies, many features not possible in the past
can now be performed in a Web browser. Though technologies are now present, little
has been done in the field of digital libraries to apply them to the field of interface cre-
ation. Thus this project tries to make use of current Web technologies and implement

an idea that can be useful in future to all other digital library packages.

The reasons for making this system to run in a Web browser are: platform indepen-
dence; universal accessibility and the degree of familiarity of environment. The idea
of making these interfaces in a Web page editor, such as Dreamweaver, by extending
them with appropriate plug-ins , will sacrifice universal accessibility and platform in-
dependence. If the system is Web-based, the working environment for the system will

be similar no matter what setup is used by client side machines.

1.3 Project objectives

The broad aim of this project is to survey different combinations of platforms, such as
Web browsers, digital libraries and Web technology, to develop a Web based system
which supports user interface customisation. There are two main objectives in this

project:

e Customisable Interface

The main objective of this project is to enable users to design interfaces freely
within a Web browser without the need for writing code. A number of pages can
be defined and designed to form a complete set of interfaces for a digital library.
The interface will allow the user to reflect-out the underlying functionality of
the digital library, and configure the visual appearance of elements such as the
representation of search/browse results, number of results per page and paging
style.
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e Interface abstraction
To achieve abstraction, a middle layer between the interface component and
the back-end digital library is designed, where all communication between the
two parties is processed. This objective only serves to show the feasibility of
such architecture, since the request and response structure of different digital
libraries works differently, a new middle layer may need to be designed for a
different digital library, so the interface component can function properly. The
configuration of Web services mentioned above may also need to be redesigned

to correspond to Web services provided by a different digital library.

1.4 Plan of report
The plan for the remainder of the report is as follow:

e Chapter 2: Background and Related work

This chapter can be roughly divided into three sections: digital libraries; HCI
evaluation methods and Web technologies. The digital libraries section includes
concepts of digital libraries and the basic structure of different digital library
packages. The HCI evaluation section describes basic concepts of HCI and
how to extract useful information from different evaluation methods. The Web
technologies section discusses different technologies used in this project, such as
JavaScript, XML and XSLT, in detail.

e Chapter 3: Development Cycles
The design and implementation of this project is divided into different stages,
where each stage has a different objective. These development cycles are discussed
here in detail. The preparation made before design, implementation processes of
the system carried out, decisions on what development environment to use and

the splitting of different development stages are also discussed.

e Chapter 4, 5, 6: Phase 1, 2, 3
These three chapters include details of each implementation cycle. Each chapter
focuses on the objective of the cycle, implementation details, evaluation of proto-
types, and the effect of evaluation results on the design of the next development

cycle.
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e Chapter 7: Discussion and Conclusion
This chapter concludes the findings of this project and discusses the future work

if this work is to be extended.



Chapter 2

Background and Related work

2.1 Digital Libraries

Digital libraries are complex information systems, whose purpose is to satisfy user
needs such as information seeking, organising and managing, and communicating with
users and their agents. Another aim of digital libraries is to preserve the integrity of

information and to ensure the persistence, over time, of collections of digital works.

In simple terms, a digital library stores and preserves information, and at the same
time, provides services which allow users to collect their desired information. The type
of information that can be stored in the digital library includes documents, images,
videos, audio, 3D models, etc. Services, such as search and browse, provide ways to

retrieve information from a digital library.

The layer of User Interface is essential in software engineering, where it is the layer
which comes in touch with users directly. It must be clear and intuitive, allowing users
to complete tasks with minimal problems. At the moment, the layer of user interface
in digital libraries has not received enough attention; since the majority of digital
libraries are open-source projects, this nature of open-source software often leads to
low usability [21]. Thus digital library software, such as the Greenstone Digital Library
[2] and DSpace [8], have not had their usability studied and developed to a level that
may have happened had they been commercially developed.

It is interesting to note that there has been little research into providing interfaces

for those creating or configuring digital libraries. There has certainly been a lot of
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work on interfaces to support those searching or browsing a collection, but little work
in helping librarians to create the collection in the first place. The main exception
is the work of Bainbridge et al. [1] who outline a system which allows librarians to
collate information into a single collection. This system, however, has limited impact
on how the collection will appear to the final user. Another system was the component
assembly system of project Flexible Digital Libraries by L. Eyambe [7]. This system
uses a component assembly approach to install and configure digital libraries in a
very high level fashion using Graphical User Interface (GUI). One similar system we
could also find was one which permitted customisation for deployment on mobile, small-
screen, terminals [17]. Rather than creating a flexible, general purpose tool, this system
acted as a wrapper around the Greenstone 2 configuration macros and was thus much
limited in functionality. Furthermore, the system was developed as a stand-alone MS

Windows application.

In the past, digital library systems were very often monolithic [29], and custom-built
from scratch. No code re-use was enforced and modification/customisation to the
system was difficult. Interoperability between systems was also difficult to achieve.
The maintainability and extensibility of the system were also decreased as the system

complexity increases [7].

It is now widely accepted as good software engineering practice that software be de-
veloped in component form [39]. Thus, in 1994, the discussion on the future of digital
libraries [11] concluded that components are an integral part of the solution into the
development of digital libraries [29]. In the early age (90’s), although digital library
software was developed in component form, they still lacked interoperability amongst
components because there was no single framework for the development of the compo-

nent, meaning that components weren’t able to communicate with one another.

2.1.1 Open Digital Library

Open Archive Initiative (OAI) was established in 1999 to address the issue of inter-
operability. The Protocol for Metadata Harvesting (OAI-PMH) [4] was introduced by
OAI as the glue to attach the various bits and pieces together. Thus, by adopting
OAI-PMH protocol, components, though developed by different developers, would be

able to communicate with one another. This framework provided by the OAI was then
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used to develop a series of components interconnected with each other. This network
of components is thus called an Open Digital Library (ODL) [31]. ODL components
are available freely over the Internet and it is possible for one to build a digital library
by putting a few of these components together.

Although ODL has no user interfaces, but a set of machine interfaces was defined, which
allows these components to communicate to each other. However, a GUI component
was written for ODL to provide basic access to these Web services components — this
GUI component made use of the consistent machine interfaces to design separate sets of
interfaces for each component and make connections in between. When this component
was developed, developers were not Human Computer Interaction (HCI) expert and
did not focus on it; the distributed nature of ODL also adds a level of complexity to the
development of the user interface. Thus there exists inconsistency in these interfaces
provided by this GUI component and the usability level of this GUI component is not
up to standard. This still holds true and thus HCI principles need to be applied when

designing these interfaces.

2.1.2 Greenstone Digital Library

The Greenstone Digital Library (GSDL) is an Open-Source digital library software
system developed by the New Zealand Digital Library Group in the Department of
Computer Science at the University of Waikato, New Zealand. The reason behind the
development of the Greenstone project was that the designers wanted to make on-line
technical reports more accessible to the research community by presenting them over
the Web in a uniform, and fully-searchable way [37]. The aim of Greenstone is to
build, maintain and serve digital collections; these collections may contain documents
(text, html, pdf, etc), images, audio and video. It was developed for a wide variety of
platforms: Windows, Macintosh and Linux. The features provided by GSDL include
full-text mirroring, indexing, searching, browsing and metadata extraction [21].

There are two categories of user in GSDL: those who build collections, i.e. admin-
istrators, and those who access collections, the library users [21]. GSDL provides
three different ways of building collections: Command-line, Collector (Web-based) and
Greenstone Librarian Interface (GLI)(see Figure 2.1). In the user manual of GSDL,
it suggested that the librarian interface should be the preferred interface for building
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Figure 2.1: Greenstone Libeacian Interfac

colleetions [6]. Whilst Gresnstone may not salier the interface problems of component-
based systems (lncoosistenl wuterfaces), much work is s6ill to be done ou the GreensLou:

interface to realise ils full potential.

In the paper Csebifity ond opere-souree software development 21, 23 fourth and lifth
vear Computer Science studenls were tested on buildiyg collections in GSDL usiug
both Collector and Command-lime instructions. The participants were given both a
paper-capy and an clectronic copy ol the manual, The researcliers concluded thar
lypical usability 1ssues (the cifference helwee nsers aud developers) were discoverad
and althonzgh it hexefited from Lhe contribulion of many people {open-source soltware)
these uzabilicy issues had wever been addressed.  They suggested thal open source
soltware (digital Lbraries in particular] may need to pat more cliord e interface

desigw if they are to praduce soltware [or the desklop of Lhe Lypical user.

2.1.3 Flexible Digital Libraries

Flexible Digital Libraries (I'LL) Iz o digital Lbraries project hosted in Thepartment of
Computer Selence at the University of Cape Lown o South Aflvica, The s of the

praject s Lo invesligate technigues, models and tools [or constructing digital lihraries
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in a more efficient and efective way

Based on simple components connected in A network of services, the project is divided

into several areas of research:

o A visual compenent that comnposes medules juto complete systems ad snpports

the specification of cormmmication BetwesI cOTURONENTS
o Packaying of the system for st and easy deplovisent

o Lser nterface components lor casy and intuitive buillding of ncerfaces [or digital

libraries

& Supparting scalability of digital libraries

This project [Clustomisable Abstract Representation Laver for Digival Libraries) is the
Liser wnberface comaponent parl of the Flexble Dhipital Librarics project, bnt at the
same time this project s alo related to Mopan Compuater Interaction (HOT). sinee

HCT techniques are requited to design and impletnent a usable interface.

2.2 HCI Methodology

The aim of Human Computer Interaction (HCI) techniques are to improve the interac-
tion between user and the user interface of the sellware they are using, HOT 15 a very
abstract and broad dield, wloch includes wany Delds of sindy. snel as pavehology and
anthropology. In this project. we will only be concentrating on the usability. desizgn

and evalnation parts of HOL

When designing the user interface for a piece of software, the most important consid-
eration is how the user can interact with the software: vet this iz often neglected by
software developers. HOI provides technigues for identifying the needs of bsers more
acenrately than, say, simple interviews: Phe one we have chosen w follow is called par-
tictpotory design [L8], Participatory design is based on workshops where developers,
users and business representatives work together to design a solution [5]. Having users
participate in the design process ensures a usabie design, which also prevents the need
to alter a design at a laver stage of development.
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There are other user-cenlered design methods i HCL which heln o dentisy user needs,
sneh as task anclysis and cortestual mguiry. Task analvsls involves satheringe of user
taskz and break them down inte their constituent snbtasks and operations, analvses
are Lhen carried out to construet a basic structure with sequential activities [36 . Con-
texiial inguiry 18 a process wherehy users from the targer nser group of the system
are interviewed al his/ber workplace(s). The uzer being inrerviewed iz considersd as
an cxpert in the work situation, The wwterviewer takes note of what the dser does and

sava in order to construet & desizn of the system 36].

Participatory desien method was chosen over the olher methods fog the yeason thal we
want users to be divectly Involved o the desizn process of the ssstem. thus w ensure »
usable svstem design for the tayger user group. In this way, we also niinimise the tine

required for the design process in order to prodice s feasihle design.

There are niany wavs to evaluate the nser intarface depending on eraunstanees, These
inchide technigues such as Heuristic evaluation, Observanional evaluation and Ethno-
aranbie evaluation.

2.2.1 Ethnographic evaluation

Suceeszlul re-desienz depend on an accurale and thorough evaluation of the existing
svslemt 23], Technigues sueh as ohbservatlon, hands-on experience and guestionnaires
are often used to evaluale a svstem; bul io many cases, Lhe developers lack the knowl-
celme of whe will b usiog the syvstent and how Lhe svstem will be used; They simply

develop the software in the wav they think 1t shonld be done.

In order to understand how isers interact with the systemn i real life, 1L s essential (o
stitdy the social contexr of the work of the user. This requires the interface designer to
ohzerve the uzer in real ffe  seeing how A uzer uzes the syztem, Trom this, more real-
life situations can be studied than in & condrod room method where uzers are called to
perform some predefined tasks, This metliod of ohservinge users is called etfirogrmphic

crtination,
Lu [14], [owr ethnographic evaluation merhods are stated:

¢ Concurrent ethnography: where desizn 15 influence by an on-going ethnographic

study taking place at 1he sanie Lime as systems development.
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o Quick and dirty ethnography: where briel ethnographic studies are undertaken

Lo provide a geperal but informed sense of the setting for designers.

o Evalnative cthnography: where an ethnoegraplic sludy iy undertakes to verify or

validare o set of already formuiated desian decisions.

o lie-examination of previous studics: where previcus studies are re-exaniined to

inform initlal desien thiskime.

Thee use of these methods shenle aet be seen as mulually exeausive — sone ol the uses

cowid be harnessed togerher.

lu [23], a few guidelines were derived for preparing for the evaluation, performice the

Held study, analyzing the data and reporting vhe [aliee;
1. Priywiration
s Understand orpanisation policies atd work eulmire.
o Familiarise yourselt with the svsten and is history.
o Set inilial goals and propare questions.

o Ciain access and permission to abserve/terview.

2. Tiele Study

Establish ranport with managers and usors,

Clhserve/ interview users in thear workplace and coliect subjective/chbjective

quantitative/qualitative dasa

rllow any leads that energe from the visits.

o Rocord your visits.

A Analvsis

Compile the collecwed data in aweerical, textual and multiviedia databases.

Cluantity date and compile statiztics,

Reduce and leverprel the data,

Refine the goals and the process wsed,
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4. Reporting

o Consider multiple audiences and goals.

o Prepare a report and present Lhe lindines.

LU 1= the virtue of sthiography that it seeks to present the portrait of Ll as secn and -
derstood by someone whe lives and works in the domain concerned 14]. The intentio:
1s to abserve the participants through the diy-Lo-day activities they accompiish within
their seeially organized domain, Thus we gain in-depeh knowiedge of how participarts

interact within thelr social domain,

Ethrography also has s problems: the data collected from the evaluations are often
quadtative and thus it s ditBenlt for the designer to understand the data and make a
change to the existing systen Therefore. many software engineers fecl that clhoogra-
Phy s Tar Loo unsystematio: the reswdits presented areabstract, desisn oplions are not
clearly stated and it does not attend sulliciently to engincering needs [14]. From this

aspect, the power of ethmography becomes lusisnificant.

In this research, cthnopraphy s particularly wseful in observing how evaluation partic-
ipants interact with the svatem prowstype, Thronsh alwervations, it s possible to seek

out design flaws and puat Lhe focus on upartant sections that need redesign.

Since protatyping s used inthis resesrch elhnopraphy also becomes an advarage. Tt
redluces refinement eveles and helps to identify questions and preblews for the next

phase of svstem study, which can be used by the systenn desizner [25

2.3 Interface design

The idea of a Graphical User Interface (GUT) was introduced as early as 1965 when lvan
Sutherland demanstrated Skefelipad 32 1o the cowrse of his PhD thesis. Underlving the
pawer and nsability of graphical user interfaces s Lhe notion of direct mavipulation,
tlelined by Ren Shreiderman, which involves conlinnoeus reproseatation of objects of
interest. and rapid. reversibie, inercmental actions and Jeedback [27 . Thag and dvop is
one of the techmigues used Lo achivws direct manipulation. Tt is the action of elicking oo
a virlua: objeel with a peinting device, such as a mouse. and dragging il to a didlerent

location, o anto another virtual ebject, An example ol wsing dray and drop inoa
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windows syslom woukd be Lhe re-positioning of o window: a nger ean elek and drag a
window fo a desired position boefore relessing the nionse button. In the intermeciate
positions of a cragging action, the contents of the window being dragged is constantly

redTawt.

Ths drag and deop is an iportant techniene o divect manipidation of mrerfaces,
which alloavs nsers to achieve tasks by using theiy pointing device, but without the
neec for issuing explicht commands, Though il was nitially popelarised I Mac-(35,
Lhds mnechanism 1= now a common fechnigue wses when devecoping seftesre, Oporating
svelenis such a3 Microsolt Windews, Linny X-Windows and Appie 0% all support
dray and drop, thms sotteare ceveloped for these platforms are likely to Mmbherit this

functionality as well.

I this rescarch, drag and drop s also lmplemented o0 allow nsers to draz eloments
aroniaed 1na Web browser. We believe thistechnigue tocbe more Intizitive than commana
line interfaces anc it shoila be faniliar to our targer user group. Altheugh complex, the
drageme and dropping functionality is schieved by using sowme third party JavaSeripl

libraries; more aelails will e explained we latter seetions of this chapter.

2.4 AJAX

Asvachronons Javaleript and XML or AJAX, is not a technology itgelf. bt a combi-
nation of several Web cechnologies to creare interactive Web applications 10 . These

Web technologies include:

XHTML (HTML) and OS85 for standard data presentation and page styles

e Docutuent Ohject hModel iDOM) for dynande content nreraction/ inanipuiation

KXMLHT T Request object to asvnchronously exelanee data with Weh server

o XML and XSLT for data nrerchange and manipulation

JovaSeript for linking evervihbing together
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2.4.1 AJAX architecture

In the classic model of & Web application, o user triseers an action by makme an HTTPR
reepuest 1o o server — Lhe sorver then prepares rosults by executing some processes, sueh
as retrioving data [tom database, number calenlation or reqiest 1o some ovher lepacy
systenn. Onee available, the result fn the form of an HTML page) 1= returmed to the
user. This madel i= an adapted version of orfginal hypertoxd model; while 1t s cood

tor hvpertext. is not s0 good lor Wb applications.

From a techinical point of view, thiz model makes perfeet somse sinée the Web server
Lakes care of cach request from the wser. Unlortunately, this model does not necessarily
make for & greal wser experiones, boecanse eaclt request-response cvele takes some time

(while the server perlotmis its calenlations. the user can’t do anyihing bul wait).

I an ddeal world, onee an interface iz loaded completely, the user shonld not he lield
back in vhe process of perforining tasks; in fact, the user should perceive the application
runnig on the loeal machine and not ses application go to the server o all [10], The
repetitive nature of start-stop-start meehanism must be eliminated 1o ereale a beller
user experience. and thiz iz where AJAX comies into play. By introdocing AJAX as
the intermediary laver between Wie server and the user, this layer 1= responsilie for
rendering interlaces and making requests to the server on behall of Lhie wser, In 10],

Figure 1 shows the teo different models for comparizon.

The start-stop-stirl meehanism is therefore broken into an asynclironons nature. Naor-
tal TP reguests from users are replaced by JavaSeript calls to an AJAX engine.
All responses to 1user requests, where a trip back vo the server s nou required. are pro-
cessed by the AJAX ngine. These requests imetude data validarion, mtertace changes
or evenl navigation, If data s needed from the server, the engine makes the request
asynelronously in the form of XML, withont stalling the user's interaction wich the
application. Tn this way. some of the workload iz shifted Lo che front-end, so waiting
time is minimized and the user is given an unbroken experlence of mreraction. In 10],

Figure 2 shows the two diferent models in how requests are processed,
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2.4.2 Real Iife application

L the past two yoars, Google tvested a great effort tn develoning AJTAX apnlications.
Tl labest products tromm Google, such as Ghlail, Gopgle Sugeesns, Goople Groups ane
Google Maps [12, are al! AJAX applicarions. This demonstrates Lhat the granuarily of
an AJAX application can be ag small as a simple lunction appacation, np to oxtremmely

complex applications, such as Goowle Maps 13,

Although there are advantages in using AJAX in a Web applicalion, there are shorl-

cornings too. These include:
o Usabilicy probler; Can break behavionr of beck button o a Wel browser
o JavaSeript st be enabled in Web Diromrger

o Different Web browsers mav not beliave the same way

« Difficuls to debug

Despite these limitations, we believe thar AJAX technology provides the best platforme
ot which o build a digital brary mberlace oditing tool wside o Web browser. Fach of

the components of AJAX are discussed i detall helow.

2.5 XML and XSLT

Extensible Morgup Longuaye (XML s a markup languaze designed to be capable of
ceseribing diflerent kinds of data and facilivates the sharing of date across dillerent
systems (platiorms). especially those over the Internet |25 It s 4 subset of Standand
(Cremeralised Marfup Longeaye (SGML) will many SGML features, XML was designed
and developed during 1996 and 1997 — XML 1.0 then became a W3C Recommendation
on 10 Feb 1998,

2.5.1 XML structurc

The basic strocture of XL s a document similar Lo IWUML, but much more fexable.

Its tag srrueture allows it Lo do presentalion, exclianes or storage of data. XML takes
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the form of a tree structure where each node can have a property list of its own.
TNlustration 2.1 is a simple list of class test results expressed using XML:

mﬂé&' 2.1: XML structure exan-ple

ML, we can see how Hexible XML is in modeling data. The
MIndeclaration stating what version of XML is being used and sets
o' Then the rest consists of nested elements (nodes), some of which

have properties (attributes) and contents. An element must have at least two tags. a
start tag, e.g. <Test>, and an end tag, e.g. </Test>; in between the two tags, there
can he any amount of text and elements. Thus XML takes the form of a tree structure.

It is mentioned above that XML is designed for data transfer. The following are some
features of XML thas makes it well-suited 25]:

o Format is readable to both human and machine
o Support for Unicode
e Represcuts data in the most general data structures: records. lists and trees
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e Self-documenting format that describes structure and field names as well as spe-

cifie values

e Parsing requirements and syntax are strict, which allows parsing algorithm to be

simple, efficient and consistent
In some applications, XML can also have its weaknesses [25]:

o The verbosity of the syntax can be partially redundant. It lowers the human
readability and application efficiency. The storage cost is also higher. In cases
where bandwidth is limited, e.g. cell phones and PDA applications, the use of
XML may be difficult.

e Since XML is essentially a tree structure, data is presented in a nested way. Thus
a parser must be designed to recursively process nested data and also perform
checks to detect improperly formatted data. This causes significant overhead
in its efficiency; in the case of a resource limited environment, e.g. cell phone,
PDA and embedded system, if XML input is fed from an untrustworthy source,

resource exhaustion or stack overflow are possible.

e XML remained compatible to its ancestor, SGML, to some degree. Some would
contend that this has resulted in a syntax which may contain a number of obscure
and unnecessary features.

e Not many basic data types are supported in the parsing environment. This causes
extra work before data can be processed from a document. For example, 71.23"
cannot be specified to be recognised as a floating point number rather than a
piece of text in XML. XML schema languages add this functionality.

e Modeling a non-hierarchical data structure requires extra effort.
e Mapping XML to relational model or OO paradigms is quite cumbersome.

e If XML is to be used as data storage, some argue that the file volume must be
small.
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2.5.2 XSL transformation

XSL Translormation (XSET), or Eslenstble Styleshesl Languirge Trmsioemtion, is an
XM L-based language used for che transforrmation and rendering of XML doenments.
When an XML document is transtormed, the orginal daocmment 1z not changed, b
a new docnment is generated based op the contents of the original documens [1G. Tn

this wav. we can transform doenments froen ome formas to ancther,

The reason hehind doing transtormasion is that when XML is used as the medium for
data exchange (across the network), one would want to melude only the raw dasa in
she XML so minimize franzlerringe Lime and cata volume; hus Lhis dala cannol be nsed
fe 18 when 1 ie reccived, Lhuas by applving trastonanation, XL can be transtormed
back Lo Hs original [onn, or o other usable format, eg. HTML. In this way, data can

become very dexible in terms of its format by ustne X51.T.

Figure 2.2 Translormation process

Figure 2.2 [35] demonstraces how XMT, documents are transformed. An XSLT proces-
sor takes a document [in XML together with some XSET declaratious (in XSL), and
generates a new ouspus, which may or may not be i XML [ormat, XSIT processor 1y

wsually an external propram that carries onn the transtormation process.

A5LT i3 a declarazive languare. rathor than an baperative lanpuagre, XSET stylesheets

canzisl of a collection of Lanplates, sach of whicl specifies what to add to she resnlt sree.
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Whern arn X5LT processor seans the souree dooument {according to a fixed algorichm)
ard] finds a node that meets the condition of a certair temnplate, the trarnsfermation
will take place '16]. Iestructions withic a template are perlormed in sequemial order,
but these iustructions, ultimately, can uchde funetional expressions. which in fact

evaiale Lo some nodes Lo be added o che resud Lroec.

2.6 Document Object Model

The Doenmert Ohbject Model (DOM) s a platform- and language-neutral interface
that will allow programs and seripts to dynamically access and update conterts, strae-
rure acd styles of XML and HTML documerts [34]. 1u this model, o well structured
doctiment caxl be reprosented ldoa Lree strucliure; and inoan objec-cricnted fashion,
Thus, DOM sl 1s nol so nnich a data strochare, bas & data manipniation Logl that

provides a sipler way of Landling data

Before DOM was stacdardised by Lhe World Wide Web Clomsoruivm (W30, sy
varinnts of L were moplemented by differont browsers, Sinee 1ty main purpose 1s to
panipulate data ooa HTAMI doaeern, different implemontations may Iead to differ-
enn rendering results; this prompted the W3C to cone up with a series of standard
specifications for DOM: it is henee called WRODOM,

Irs £l year 2000, where Internet Explorer 4.x and Wetscape 4.x wera s7ill widely used.
the support for DOM standard from hoth vendors was still poor [38. thus inter-
operability was g great probles oy Web application developers, Upon the lunch
of new versions of browsers [rom varioms vendors: the snppoct for W3CDOM from
these new browsers became sienificantly hetter. The two most commaorly used Weab
browsers at the moment (2005] are Microsoft IE 6.x and Gecko based browsers (Mozilla
aud Firefox), Alhoush both support s reasonable portion of W3CODOM, nteroper-
ability problem 0l exist due Lo differert Implementations of DO wishin o browser.

This problem remnains a sreat one for developers.

2.6.1 DOM trec

When a dorument 5 loaded to a T3OM tree, the tree resides as o whole in the coun-

purer's memory. The tree can be traversed through ils modes, Each node 15 an objeat
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eonraining propertios; the relationships between nodes may he parent. sibling or elils,
'I'hus. it iz possible to nasizale within the tree and make changes when necossary,
The DOM of an HIMIL document can be accessed by weans of Java/VE seripts, and
updates 1o contents can be done by calling DOM methods using seripis, Together
with Cascading Stvle Sheets and Java /VE scripts, this combination s called Dynamic
HTML (DEHTML) by some vendors [22].

Figure: 2.3 illustrazes the sree structure of the HTML code shown in Hlustration 2.2

[26]. Whitespace nodes are exeluded for simplification purpases.

Ta Mode:
B0V D=bod PMNode,

child Vodes ]
.‘rcm'Nnn'e.sﬁJ chn’n’Nﬂn’es Ephn'n'l"-lan'esm

Tag Nu:le Tag Hade Ti:] MNode
=F 13z nEVgeli=> a (= pdioee 2P J=ofiases

childNedesd]

Tag Mede,
=P ID=ndiodes

Fersplite

chitdMades 2] chifoModas T

chitaModasF]  ehitafadasif

Tag Made: c:wfnwamﬁf"m:“ff
wBLE D=mhicyad
o BRI chidiNadesZh, | paragraps!
o

FrstThild

Teuwt Moca::

TThikis

parggraph
2.0

Tagd Modw:
s o= MNoder

Figure 2.3: Tree structure of a cotuplex HTAML docatment

[n Figure 2.3, body is the root of the doenmen: contaiming four p elemenzs. 'Lhe First.
sceond and fourth p eletnent contain texs. while the third p clewenl containg a more

conaplex structure, consisting of text, image and a table. The relationships hetween
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nodes are also presented in the figure.

2.7 JavaScript technology

JavaScript is an object-based scripting language well-known in Web development. It
was originally developed by Brendan Eich of Netscape Communications Corporation
under the name Mocha, then LiveScript and finally JavaSeript [24]. Though given the
name JavaScript, it has no real relation to Java. The similarities of both language are
mostly in their syntax, because they are all derived from C. When compared to its
counterpart, VBScript (only available in Microsoft Internet Explorer), the support for
JavaScript from most browsers have made it the de facto choice for Web application

developers.

JavaScript has no input or output; it purely relies on the host program in which it is
embedded. Its best known usage is in Web technologies; other application programs
such as Adobe Acrobat, Mozilla platforms and Dashboard Widgets in Apple’s Mac OS
X v10.4 have also embedded JavaScript interpreters to allow support for JavaScript
[20] [3]. DOM is the interface through which JavaScript connects to applications (e.g.
HTML documents); with this layer of connection, JavaScript can perform dynamic
interactions with the DOM of the document, which was not possible in static HTML.
Some examples of interactions are: checking input values; trigger functions on mouse
events; mathematical evaluations and now even Drag and Drop effects. More on this

will be addressed later in the section.

In this project, JavaScript and DOM are two key parts that have made dynamic content
manipulation possible. Two Open Source JavaScript libraries, written by Walter Zorn
and Tim Taylor Consulting respectively, are used in this project as enhancements to
the Drag and Drop effects.

2.7.1 Walterzorn Drag and Drop library

Walterzorn Drag and Drop library [40] is a cross-browser JavaScript DHTML library
written by Walter Zorn from Munich. This library enables drag and drop functionality
to layers and images inside a browser; other functionality like resize, cloning and some

simple styling of elements is also provided.
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This library also allows developers a very flexible way of extending (he core library

to do some customised tasks. Four empty wmethods are provided inside the library,
cach of which is triggered under different events. These methods are wy_PickFune(),
my-DragFunc(), my.ResizeFunc() and my_DropFunc(). where each name is sel-explanatory.
When an item is picked, dragged, resized or dropped, the corresponding function will

be triggered and the developer can overload these methads to accomplish customised
tasks:

2.7.2 Drag and Drop sortable list

This library is created by Tim Taylor Consulting [33]. y& purpose of manually
sorting an HTML list by dragging and dropping elemen 1is s particularly useful

in this project when designing a navigation system o' Jlm.' of search results where
the order of display of elements is important. ‘x_,\)

When an element is dragged inside a list. the element beconies semi-transparent and will
exchange position with the clement aboye ot below depending on where it is dragged.
Figure 2.4 shows how it is done.

This next bst rs intentio an"oseel'mw well the tachrique scales up and

uficGver ather H'ltcra!:h‘l
bravo 1 _\ )
i O\

i 00

.

Figure 2.4: Sort list by dragging and droppiug element

2.8 Summary

Three helds of study were discussed in this clapter, nmcly Digital libraries, HCI

and Web technologies. These concepts serve as the background to different parts or
processes of this research.
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Digital libraries are fundamental to this research where they will serve as the back-end,
providing Web services to the system. HCI concepts serve as a methodology for the
design and evaluation processes of this research. Lastly, Web technologies are the tools
used to implement the design. The focus of this research is on the combination of
Digital libraries and HCI; with the aid of HCI methodologies, it is possible to design a

visual component for Digital libraries that is useful to users.



Chapter 3
Development Cycles

It is always a difficult process for software users to express their real needs and re-
quirements; it is also almost impossible to predict how users want to interact with the
system and how the system affects their working practices. Although careful analysis
and systematic reviews of requirements help to reduce uncertainty, it is always the best

approach to allow users to try out some prototype before agreeing to a design.

Prototyping is one approach from software engineering to tackle this difficulty. A
prototype is an early version of a completed system that can be given to users to
demonstrate concepts and try out design options and to identify problems and possible
solutions. In this project, the evolutionary prototyping approach is adopted. It is a
form of Rapid Application Development (RAD) and Joint Application Development
(JAD), where cycles of development are scheduled. A development cycle consists of
different stages, such as objective specification, prototype function definition, system
design, implementation and user evaluation. The user evaluation process evaluates the
prototype produced from a development cycle. These results are then analysed and
used as guidelines for design in the next development cycle. Thus prototyping is said
to be evolutionary. After a few development cycles, the system will hopefully come

very close to meeting the users’ requirements.

Prototyping is followed because usability is one of the main focuses of this research.
Having users involved in the development process, called User Centered Design (UCD)
or participatory design in HCI, can dramatically improve the usability of the system.

In each of the development cycles of this research, users were invited to participate in

27
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the design and evaluation process.

Three development cycles will be carried out in this research, where different objectives
are designed, implemented and evaluated in each cycle. The following sections will

discuss these processes in detail.

3.1 Phase 0

This is the initial stage of the project, where research into possible solutions to the
problem were carried out. The environment for the development of the system was
designed; this involved the choice of digital library (as the back-end server), scripting
language, development platform and server/client environment for the system. Differ-
ent development phases were also identified, so each phase has a clear focus on what

to achieve,

3.1.1 Problems

The following problems were identified:

e Which Digital Library software to use?
e What is the Server-side environment?
& What is the Client-side environment?

e Identification of development cycles

3.1.2 Methodology
Digital library

In order to choose a suitable back-end component for this project, a few digital li-
braries were considered. Two in particular were selected and tested. These were the
Greenstone Digital Library (GSDL) and the Open Digital Library (ODL).

GSDL2 was initially looked at, for the reason that recent research on HCI in the
Department of Computer Science at UCT used GSDL2 as the back-end server. Later
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the attention was switched to GSDL3 after its beta release (in early 2004); the new
architecture of GSDL3 was a more robust design where a component-based structure

was adopted.

Components are called agents in GSDL3, where each agent is responsible for a differ-
ent purpose. In [6], Figure 9 illustrates the architecture of GSDL3 for the rendering of
interfaces and the handling of requests and responses. From the figure, MessageRouter
is the agent which takes care of requests and responses, hence the name MessageR-
outer. All requests from the user are passed to MessageRouter, which then forwards
these requests to the appropriate agent for processing. In the figure is also the Recep-
tionist, which receives requests in the form of XML from the library servlet and then,
according to the type of request, uses different action classes to forward requests to
the MessageRouter in order to fulfill the process. When results (in the form of XML)
are returned, sets of XSLT are applied to transform the results into an HTML page
for presentation to the user.

The idea of using this structure as the back-end digital library is to design a component
that sits on top, or works in cooperation with, these agents. After a lengthy develop-
ment period, it was found that components in GSDL3 are tightly bonded to each other
and it is difficult to design a component to work in-between the existing agents. It was
decided that the amount of time that is required to get deep into the GSDL3 structure
and design a component to work with its structure would be too much. Another possi-
bility that may cause problems in later stages of development is that GSDL3 was still
in its beta release at the time of coding — there may be unforseen problems with the
software itself and the specification may change. Thus, at the time of writing, GSDL3
may not be a suitable digital library for the purpose of this research and the effort to

build an interface system on top of GSDL3 was considered prohibitive.

The next package considered was ODL, which is similar to GSDL3 in its component-
based design, but, however, is much simpler and the links in-between components are
not as tight as in GSDL3. The developer of these components, Dr. Hussein Suleman,
is also the head of the research lab in which this research was conducted, so support
for ODL is at hand if problems are encountered. Thus writing an interface system

(component) on top of ODL was deemed a sound choice.
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Server-side environment

The server-side environment is designed to host the system after the digital library
was decided. Since ODL uses an HTTP request/response model for its communication
between components, an HTTP server must be set up and a scripting language chosen

for the development of the system.

The scripting language must be decided first before choosing an HTTP server, since dif-
ferent HT'TP servers support different scripting languages. Two mainstream scripting
languages were considered, Java and PHP. Although Java is extremely well supported,
PHP5 was chosen. The main reason for choosing PHP5 was its lightweight and as well
as the good support for XML. XML is a crucial element in the design of this system,
where responses from ODL components are all in the form of XML and transformation
must be carried out. In PHP4, the support for XML was not particularly good and
is not W3CDOM compliant; in PHP5, the support for XML was largely improved by
support for the W3CDOM standard. Although Java has excellent support for XML,
but due to its heavier weight, PHP5 is chosen for its lightweight and good support for
XML.

The Apache HT'TP server is one of the most popular open source HT'TP servers, which
is well known for its flexibility and ease of its installation and setup. This HTTP server
is particularly popular when used with PHP as Apache supports it well. The Apache
HTTP server is also very lightweight, which is also an advantage when considering

system packaging and deployment.

Client-side environment

Since the system is a Web based application, Web technologies like HTML, Cascading
Style Sheet (CSS), JavaScript and DOM are used. The aim of the project is essentially
creating an interactive environment by manipulating Web contents in a browser, thus

the use of JavaScript and CSS is inevitable.

The choice of browser for this project was not an obvious one. Initially, the development
of this project tried to uphold cross-browser compatibility, at least for Internet Explorer
6 and Mozilla Firefox. As the project got further down in development stages, it was

harder to keep the compatibility and much time was unnecessarily wasted. As Internet
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Explorer’s support for W3CDOM is not as good as that of Mozilla Firefox, FireFox
was chosen as the main browsing environment for this research. However, any browser
based on the Gecko engine should work just as well. The DOM API for Gecko engine is

freely available on the Internet, which also largely improved the development progress.

Development cycle identification

Development needs to be divided into different phases where each phase has its main
focus. Three development phases were identified for this research; the focus of each
phase is based on the results of evaluation from the previous phase. Fach phase con-
sists of its own design and implementation stages — the product from each phase is a

prototype which is evaluated using different evaluation methods.

Two types of prototyping methods are used in this research; vertical prototypes and
horizontal prototypes [9]. Horizontal prototypes display a wide range of features that
are close to a complete system, but with no full implementation of them. Vertical
prototypes are the opposite; they do not show what a complete system may have in
features, but focus on a small set of features in a near-complete fashion. Since there
are three development phases, the approach here is to first set up a rough framework
of the system in phase 1 (horizontal prototype); then in phase 2, a small set of features
is selected (based on the results of phase 1 evaluation) and implemented. Lastly, in
phase 3, the system as a whole is implemented to satisfy the aim of the research as a

proof of concept. Table 3.1 lists the specifications of each phase.

Phase Specifications

1 System design, dynamic configuration of
Web services and interface

2 Improve interface configuration

3 Final system

Table 3.1: Development phases

The process of each development phase will be addressed in the following sections and

the details of implementation of each phase will be discussed in the following chapters.
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3.2 Phasel

In this phase, the fundamental structures of the system, which include the system
architecture, Web services architecture (provided by the digital library package) and
communication component architecture, were designed. The result of this phase is a
prototype that is capable of doing dynamic configuration of Web services and basic

interactive user interface design.

After the first prototype was produced, a participatory design session was conducted,
where some users were invited to look at the prototype and make alterations to the
current design. The results from this session were then used as design guidelines for

the development of the following phase.

3.2.1 Problems

Following are the problems identified for this phase:

e System architecture
- What is the components structure?

- The XML schema for configuration files

e Communication component architecture
- A communication protocol must be defined
- Requests/Responses processing schema (in between the System and Web ser-
vices) must be defined
e Web services architecture
- Identify core digital library functions to use in the system
- Tweaking ODL components for the purposes of this research

- Identify user customisable parameters for Web services

e Interface functionality
- Dynamic Web services configuration
- Basic page configuration

- Drag and Drop functionality
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3.2.2 Methodology
System architecture

The system adopts an architecture called three-tier client/server model, where the
system user (using a Web browser) acts as the client tier, the system itself acts as the
middle tier and the back-end digital library, which provides Web services, acts as the
server-tier. Figure 4.1 in the next chapter shows this structure. However, it is possible

that middle tier and server tier both sit in the same machine.

The system consists of three main components, namely communication, Web services
configuration and user interface. The communication component, called the Conveyor
Module in this project, is responsible for all the communication between the system and
the Web services. All requests and responses are first processed by the conveyor module
before being sent across to the other tier. The Web services configuration component
is responsible for setting Web service related parameters. The Ul component is the

main component where user interaction takes place.

Communication component architecture

The protocol for communication between the system and Web services is defined in
this component. This component takes requests from the Ul component, then converts
requests to an understandable format by Web services before sending them across. The
responses from Web services are processed similarly in this component before returning
back to the system. This is necessary in order to achieve abstraction; the ultimate goal
is a seamless connection between the system and different Web services from different

digital libraries.

When a request is sent to ODL components (Web services), the response is returned
in the form of XML, where metadata in the format of Dublin Core is contained within.
Dublin Core [19] is currently a prominent standard for metadata in digital libraries.
Before the results can be returned and used by the Ul component, some transformation
must take place because data must be transformed to a more readable format than XML

and the user may not require all data returned.
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Web services architecture

After looking at several digital libraries, e.g. EPrints, GSDL, ODL and DSpace, two
core services provided by each of these packages were identified, namely search and
browse. These two functionalities provide a basic means of finding information from
digital libraries; thus it was necessary to include them as core functionalities for the
system. Some modification of both ODL search and browse components was necessary

so that they fit into the system better and give room for configuration.

Some parameters were also identified for search and browse functionalities: e.g. number
of results to be displayed per page, what subset of metadata to be displayed for results,
what type of search/browse to enable, etc. These parameters complement the Web

services and allow more customisation.

Interface functionality

This is the actual component where the user interaction occurs. Two sets of interfaces

were designed: Web services configuration and interface design configuration.

Web services configuration allows users to customise the behaviour of Web services by
setting parameters identified above in the Web services architecture section. Interface
design pages, depending on the parameters set for Web services, will render differently
to allow the user to design the basic look of the actual pages. There are two interface
design pages; one for the search archive and the other for the browse archive. The basic
layout of both pages is fixed; the user can only drag and drop form elements inside
the page to decide how they are placed in the page. Drag and drop functionality was

necessary as it allows an intuitive way of manipulating placement of elements.

Participatory design session

Three postgraduate students with a background in digital libraries from the Depart-
ment of Computer Science at UCT were invited to participate in the design session.
The session started with a brief introduction to the research, so participants had a
broad idea of the aim of the proposed system. A short demonstration of the prototype
then followed and participants were allowed to work on the prototype individually. A

discussion with the participants afterward resulted in the following:
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Degree of configuration of interface was too limited

e A defined working area for designing entire page layout would be good

Toolbars for adding contents

Predefined template would be handy

Google style of display of search results should be considered

Application of styles to search/browse results is desired

3.2.3 Results analysis

The results of the participatory design session showed that more freedom in the in-
terface design is desired. These freedoms include dynamic manipulation of page styles
(look and feel) and the inclusion of additional content. Most of the comments focussed
on the interface functionality instead of the system itself. Thus we claim that the de-
sign of the underlying system is sufficient at this point and the focus of the next phase

of development should concentrate on the usability of interface.

3.3 Phase 2

The main focus of this development phase is to improve the interface design function-
ality. Based on the results obtained from the previous phase, it was found that the
direction is heading towards implementing a Web page editor inside a Web browser.
Thus some of the most popular Web page editors, such as Macromedia DreamWeaver
and Adobe GolLive, were studied. Together with the results of the design session, some

design concepts for this phase were identified.

Expert evaluation was conducted after the completion of the second prototype. This
evaluation involved two participants from the Department of Computer Science at UCT
who are specialised in the field of digital libraries and interface design. The results from

the evaluation were then used as design guidelines for the next development phase.
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3.3.1 Problems
The following are the problems identified in this phase of development:

e A defined layout area which represents the page to be designed

Toolbar/panel must be designed

Following properties for layout area identified

- Background images/colour

Insertion of following types of element identified
- Image

- Text

Insertion of Web services fields

Uploading images to the system

3.3.2 Methodology

Layout area for interface design

What is needed here is a visual representation of the page to be designed. Similar
designs can be found in most What You See Is What You Get (WYSIWYG) type
Web page editors, such as Dreamweaver or GoLive, where there is a design area which
represents the page being created and a toolbar running along its side. This setup is
followed in this project where a fixed size block sits in the middle (representing the

page) and a toolbar sits on its right. Figure 5.2 shows the structure.

The toolbar contains all available elements that can be inserted into the defined layout
area, as well as a page properties setter, such as background image/colour and page
size. The size of the toolbar can be lengthy, thus it is divided into different tabs where

each tab can be expanded or collapsed.

In this phase, there are two pages with this functionality implemented, namely the
search interface design page and browse interface design page. Thus, the user is allowed
to design the look and feel of both Web services pages. These two pages will be referred

as interface design pages in this document.
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Insertion of elements

There are two main element types as discussed above, namely text and image; a new
tab in the toolbar is created for each element type. The text element tab contains two
subtypes of text element, single line text and multi-line text. Image tab displays a list
of clickable thumbnails of all available images in the system. The collection of images

can be expanded by uploading new images to the system.

Insertion of Web services fields

In Phase 1, Web service elements could not be dynamically inserted; the user needs to
first define the number and types of field in the Web services configuration page and

then design their placement in the interface design page.

In this phase, we want to allow insertion of Web services fields at design time, so the
option of defining a number of Web services fields in Web services configuration page is
removed and a tab in the toolbar of interface design page is created. This tab contains
either a search field or browse field, depending on what Web services page is being
created. A search field consists of two form elements; a dropdown list and a text field.
The dropdown list is a list of Dublin Core elements and the text field is for entering
search phrases. There are various types of browse field; depending on what sorting
methods the Web services support, different browse fields will be displayed in the tab.

Uploading images

This functionality is needed to allow user to upload their own images, so these images
can be used when creating pages. A folder is created on the server to store these
images. This folder is read by the image tab in the toolbar of the interface design page

to create a list of thumbnails of all available images in the folder.

Expert Evaluation

Two participants from Department of Computer Science of UCT, who specialise in HCI
and digital libraries were invited to do the evaluation after the completion of the second
prototype. A brief introduction and demonstration of the system was given before the

participants worked on the system themselves. A focus group with the participants
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was held afterwards; a few problems were identified and some possible solutions to the

problems were discussed. The following are the findings from the evaluation:

e User should be allowed to define a workflow for the pages created

e Lower level of granularity on text elements is desired

3.3.3 Results analysis

The interface design page at this stage is still a single page configuration; the structure
of Web site and the relationships amongst pages cannot be defined. It was suggested to
design a function which allows users to create an arbitrary number of pages and define
their relationships. The prototype at this stage supports no styling of text inserted
into the layout area — it was pointed out that some styling of text will increase the

readability of pages created.

The addition of the suggested features can lead to more problems; by allowing the user
to create a site structure, the system must be able to create a structure containing
an arbitrary number of pages together with their relationships and their design. The
pages must then be rendered. A navigation system must also be designed so the user
can move within the site without problems. Thus these are the problems to be solved

for the next phase of development.

3.4 Phase 3

The focus of this phase is to consider the findings from the evaluation of the last phase
and create a working system. With the feature of creating site structure and navigation,
the functionality provided by the system will be similar to what is provided by most

Web page editors.

The same experts who were invited in phase 2 for evaluation were invited again for the
final evaluation. They examined the final system to see if the system is satisfactory

and meets the expectations from the evaluation of phase 2.
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3.4.1 Problems

From the results of the analysis from the last development phase, the following problems

are identified:

e Site structure creation (pages and relationship) must be designed
e Design/render for arbitrary number of pages

e Navigation system for the final site must be designed

3.4.2 Methodology
Site Structure

To visually aid the user to create a site structure, the challenge here is to dynamically
render the structure as the user adds more pages. The standard solution is to use a
tree-like structure to represent the site; the advantage of using a tree structure is that
the relationships between pages are defined when new elements (pages) are added to

the structure.

A few page types are predefined so users can choose what type of page to add to the
site. These page types are Home, Help, Blank, Search archive and Browse archive. To
create a site, the user first needs to select a page type and add it as the root, then a
site map of the site structure is rendered dynamically to assist the user to see the site
visually. Users can expand the site by selecting a page type and an element in the site

map to add a child page. Figure 6.1 and 6.2 demonstrate how this is done.

Design/render arbitrary pages

The functionality of the interface design page needs not be changed, but the editing type
of interface design page must be changed to a generic one, because in the last phase,
only search and browse interface design pages were implemented with the system. If
the interface design page is generic, it can be used to design any arbitrary page in the

site created by the user.

Interface design for Web service pages was split into two sections in this phase; a main

page and a results page. This idea came from the design of Google; it was suggested in
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the evaluation results of phase 1 to consider the Google style of results display. With
this dual page mode, users can design both pages to create a more intuitive set of

interfaces for Web services.

Once a page is designed, the settings are saved to the configuration file (in the form of
XML). These settings are retrieved again when a particular page needs to be rendered.
Thus settings for each page must be stored under a unique id so they can be uniquely

retrieved.

Navigation system

A navigation system is required in order to build a menu for each page, so that a user
can navigate within the site. There are two types of general link: Home link which
links back to root page and Child link which links to all children pages. The user is
allowed to define what type of links should be included in the navigation system, as
well as the style (look and feel). In this way, the navigation menu in all the pages will

share the same style.

Experts Evaluation

The same experts who were invited in the evaluation of phase 2 were invited again
to examine the output of this phase. The purpose of this is to allow these experts to
compare the system to the suggestions from the last phase and see if the system is

satisfactorily implemented.

This evaluation started with a brief introduction to the new features and changes of the
system from the last phase. This time, a task list was provided and participants were
asked to complete these tasks using the system to ensure they explored the functionality
more fully. Observations were made during the process for the purpose of results
analysis. Each participant was interviewed shortly after they completed the tasks and

their thoughts and suggestions were noted.

The following are some points concluded from the evaluation:

e The current notion of how site structure is created, where the relationship be-

tween pages is defined as new pages are added to the structure, may not be
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intuitive enough. It was suggested that first creating all the pages, then defining

the relationships amongst them would be a preferred option.

A small view of the site structure while in the process of designing pages will

help the user in building a mental model of where they are in the process.

The definition of styles on the navigation system is too limited

The option to preview a page when done designing is required

Alignment of elements in interface design page is difficult

Some predefined template would help to speed up the process of interface design

3.4.3 Results analysis

From the observation, it was found that sometimes participants got lost in the process
of creating a site structure and sometimes experience difficulties in interface design
pages. This is most likely caused by the explanations in the pages themselves not
being clear enough. One participant said, ” All the basic functionality for creating an
interface system is there, but the system may need to reshuffle the order in a more

sensible way.”

The findings from the evaluation were mostly focused on improving features and the
usability of the system, but not much comments on request for system functionalities.
It is assumed that the system developed is a feasible one and necessary functionalities
are implemented. Improvements to the functionalities of the current system will be

left for future work.
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Phase 1

This phase is the initial stage of the development where the actual implementation
started. This chapter describes how the initial environment for the system was set up

and the details of the implementation of the initial system.

4.1 Setting up Open Digital Libraries components

The digital library back-end was set up before any actual implementation of system
took place. As described in the Development cycles chapter, Open Digital Libraries
was the digital library software chosen for this project. The two core Web services,

search and browse, are used.

Two ODL components were used to establish search and browse Web services. IRDB
v1.3 [15] is the ODL component that provides the search Web service. It harvests
metadata from some repositories and stores indices for them in a database. The de-
fault database system used by IRDB is MySQL, which is a very popular open source
database system. DBBrowse v1.2 [15] is the browse Web services component of ODL;
like IRDB, DBBrowse also harvests metadata from some repositories and stores them
in a database. The repository used for metadata harvesting is Hussein’s picture album

[30], which contains descriptions of collections of photos.

These two components were installed and set up to run in a Linux Web server and
MySQL database. Both components were configured to harvest from the repository,

using the default metadata format, Dublin core. DBBrowse was specifically configured

42
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to index for browsing on a few fields and filter on date field. These Web services can
be requested by HTTP requests with some parameters; the URL for making requests
are called BaseURL.

4.2 System architecture

As described in the development cycle chapter, this phase is to establish a basic frame-
work for the system. This framework includes a Web interface for the system, com-
munication and configuration of Web services (conveyor module) and basic interface

design functionality. Figure 4.1 illustrates the structure.

Digital Library

Web Services

Conveyor Mod.

QUEI'VI l Query Results

User Interface

Figure 4.1: Phase 1: System architecture

From Figure 4.1, we see that the conveyor module is the key component between the
digital library and the system, which is responsible for processing requests and results.
The implementation of the conveyor module will be discussed in detail in the next
section. Since PHP5 does support the concepts of object and classes, object orientation

is upheld wherever possible in the implementation of the system. The conveyor module
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itself is an object class, while the user interface consists of some PHP, CSS and XML
files. All settings that need to be stored for future usage are recorded in some XML
file. PHP5’s DOM parser is also used to parse XML when data needs to be retrieved.

4.3 Conveyor module

This is the core component for communication between the digital library and the
system. The design goal here is to strive for maximum flexibility so that if the system
is to be used with other digital libraries, this module can be replaced with a compatible

one.

As mentioned in the previous section, this module is an object class itself, thus a new
instance of this is created in order to establish communication with Web services. Two
parameters are required for the constructor, namely XSLPath and Number of entries
per page; both of these parameters are used for XML transformation (this will be
discussed later in the section). When a new instance is created, the base URLs of the
ODL Web services are loaded from an XML file, so that communication with search

and browse Web services is possible.

When calling methods which establish communications with Web services, a query
string and paging information must be supplied. Thus the full HT'TP request can be
prepared and sent to corresponding Web services. Requests are sent by using fopen
in PHP5, which establishes an HTTP connection to the URL which was supplied as
a parameter. Results returned by Web services are then retrieved by using fread.

Hlustration 4.1 shows a piece of XML results from ODL Web services.

Figure 4.2 illustrates how results are processed in the conveyor module. When results
are retrieved from ODL Web services, they are in the form of XML; they must be
transformed before the user can make sense out of them. Thus in the conveyor module,
after results are retrieved, they are loaded into an XML DOM and then an XSL file is
used to perform XML transformation. Hence, the transformed results are sent to the
interface to be displayed. The XSL file used here is dynamically generated when users

configure the Web services. This will be discussed in detail in the next section.
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lllustration 4.1: ODL IRDB search: raw results sample
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Query Results
( Raw XML)

-..____‘

Conveyor Mod )
# XSLT

X5L ‘ Query Results
l ( Transformed)
- User Interface
XML

Figure 4.2: Conveyor moduled resilts processing
4.4 Web services configuration

A few Web service properties were identifiec iz the development eycle chapter as need-
ing to be conligured by the user, ‘Fhis a conifiguration page for each Web service is
implemented.

4.4.1 Configuration interface

Figare 4.1 is & screenshot of the configuration page for the browse service,  From
the screenshot, two categories of configuration can be seen, sorting category and filter
category, Sorting category allows the user ta choose preferred options to browse the
archive according to certain fields; the filter catepory allows user to enable or not the
date filter. These options in both categories are generated dynanically: this means, the
supported functionality is first requested from: the Web services belore bewag rendered
to the conhguration interface.

Metadata display allows the user to select the metadata to e rendered when displaving
request results, Nawvgetion posifion lets users decide where in the page the paging
information is to be rendered. {or not to be rendered at all). Number of entries per

page provides finer configuration on paging of data,
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Figure 4.3 Browse configuration

Figure 4.4 is a screenshot of the configuration page for the search service. It issimilar to
Lhe browse conlipnration pagse, but with a [ew differences. Instead of the two catepories
ol browsinge oplions, search configuration lets users choose wlat {vpe of zearch mode
toy awsie Semple sedreh 18 similar tooany cwment search eneine where one text box s
shown to let users enter kevwords. Field search is a more advanced search mode where
uzers can search {or some kevwords against certaun metadata felds {(rom Dublin core),

Field search can be stacked. =o more than one matching eriteria = allowed,

An object class called create_confiy was created to take care of saving seftings. In
the case of Web service configuration, after the HTML form is submitted, an instance
of create_conflp k= instantialed in the post process page. All settings are passed inuo
a wetliol gy paramcters before they are saved in the configuration XML fle. Onee

thoese settings are saved to the confisnration XML file, the last bit of the remaining
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code. Thus when we run this XSL to transform the configuration XML (after new
settings were saved), the generated XSL file will do the transformation as specified by
the user. Figure 4.5 is a more detailed version from Figure 4.2, and illustrates the
relationship between components. The generated XSL is used by the conveyor module

to transform the received results to the format specified by the user.

i S Query Results

i | ( Raw XML)
"""" i XsL| |

e TN
: T § ( Conveyor Mod. )
b Y e
: . . XSL
e con) -

Query Resu
T ( Transformed)

User Interface

Figure 4.5: Dynamic XSL generation

4.5 Web services interface design page

After the user has configured Web services, the next step is to configure interfaces for
Web services. In the previous section, the user defined the mode for browse/search;
depending on what was configured, corresponding elements are rendered and allowed
to be dragged and dropped in the interface design pages. Figure 4.6 is a screenshot of

the rendered interface design page for the browse service.

In the screenshot, three elements are rendered and they can be dragged and dropped
anywhere in the page. The drag and drop functionality is made possible by using open
source JavaScript libraries available on the Web — DOM-Drag, developed by Aaron
Boodman, and Walterzorn Drag and Drop developed by Walter Zorn.
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DXOM-Drag was initiaily used in the projacs. The ides is o make an etement become
drav-able and use Lwo hidden wex fields Lo record the X2 coordinates of the element.
On the end of each dragging cvent, w JavaSeripl funcrion Lhal updales the tao texs
ficlds is execured to npdare the new X-Y cocrdinates of the clemens, When Lhe form
iz gubmiried, these text fielés are submitted Tooether to be processed, Ilustralion 1.2

% an examme of how this s done.

Parz A of the example makes an eleiaens drag-able and speciiies Lie onDraglnd event
vorripger the funerion reportMiagEnd [Fars Bl Part B s the JavaSerins funezion walch
updates Lhe value of 1wo Lext Telds with the cocrdinates of the slement being drageed.
Part. (0 iy the deelaration of the actual IITAML elemeny and Part D is the teo rext fields.
which are ser to be hidden, Sinee it I8 koown what elemenls aee Lo be rendered Lor
interface cesign pages. these text fields are generated by PHP seripts al compile 1ae
a5 Lhe papge so1g execured, The JavaScripr code (Pars A zo make eiemenzs drag-able is
slandard and = roneraned & coipile tizne for cach clemens to be made drag-able: the
probiens of dolng Lhis is Lhag il he nwmber of elemens becaries large. the maintenance

of code hecomes 1aore Todions,

Wlion the user = done placing all elements and olcks on Qone 1o end Lhe desien process,



Ilustration 4.2: DOM-Drag sample code
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coordinates of all elements are saved 1o the configuration XML file so they can be used
when rendering the actusl page.

4.6 Interface Rendering

To render the demgumipmgam absolute positioning from €85 is used to place elements at
their specified positions. Since coordiuates of clemonts are saved in the configuration
XML, file, it is eusy to rotrieve them hy parsing the XML file in BHP. Once these
coordinates are retrieved, rendering efalammisemy hy using U'HP scripts. The
following is a section of the code of the rendering screenshot of the
rendered brawse service interface.

- |
-

Wﬁfm 4.3: Interface rendering samplo vode

Hlnstration 4.3 is the section of the code which generates the encircled clement in
Fignre 4.7. In part A of the illustration, the coordinate information is generated by
PHP scripts by retrieving them from the configuration XML. The same is true for
element names in part B and C. By looping through all the recorded elements in the
configuration XML file, the interface designed by the user is re-created.

When a request is sent and results are retrieved {from the conveyor module), the same
interface page is rendered together with the paging information and retrieved resnlis
directly underneath. Figure 4.8 is a screenshot of the browse results page.
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Figure 4.5: Browse results page
4.7 Phase conclusion

4.7.1  Whal was fournd in this phase

In the “Phase 17 seetion of the developrnent eyele chapter, the resulls [rom the cval-

unation were discussed and it was concluded thar the interface design page shonld be
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more focused and improve on functionality. Instead of predefining which browse/search
elements to have, adding of elements at run time would give a more intuitive design.
Users should also be able to design the look and feel of the entire page layout instead

of merely deciding the placement of browse/search elements.

It was also found that there was a lot of repetition of code in the development of
browse and search services. This is largely due to the similarity in how both their
functionalities and interfaces were designed to be configured in the system. The dy-
namic generation of JavaScript code was also found to be very tedious; since JavaScript
cannot be mixed with PHP Scripts, all JavaScript related to making elements drag-able
must be dynamically generated. This structure of code generation is hard to maintain

by its nature and may cause problems in later stages of the project.

4.7.2 Influence on design

It was decided to carry on to the next phase with just the development of one Web
service, since the implementations of the two services are very similar. The idea of
allowing the user to design just a portion of the Web service interfaces was also changed,
since the results of evaluation show that the user desires more freedom in interface

design — it is better to allow users to design a complete page from scratch.
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Phase 2

This development phase focuses on the structure of the interface design, thus requiring
a vertical approach to implementation. The design of the system in this phase is based
on the results of evaluation from phase 1. New JavaScript libraries were used and some
improvements were also made to the system. Together with the implementation of the

new structure of the interface the design page, these are all discussed in this chapter.

It was decided to keep only the search service for the development of the system.
However, during the course of implementation, browse service related functions were

reserved (with empty function headers) for future implementation.

5.1 Improvements

A few improvements were made to the Web services configuration. One of the main
alterations was the visualization of metadata configuration. In the original design,
the user had to select the metadata elements which are to be rendered in the results
page by multiple clicking in order to add them to the collection. Please refer to the
screenshot in Figure 4.4.

The idea of having two lists and letting users select the display set of metadata was
found not to be intuitive. It is a more intuitive design if the user is allowed to select
and drag preferred elements. The user first selects the set of preferred metadata for

results display and then drags the selected elements to change their display order.

In Figure 5.1, we can see the configuration for search modes was taken away and the
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Search configuration:

Search Results Display Configuration

@ Title

o Creator

o Subject

# Description

¢ Publisher m

.o | dde |

2 Type deacrpion

» Format title
Identifier

o Language

7 Relation

i Rights

|Dray eloment upioomen b charge disphey order |

Nawigation position:

~ Top
s Bottom

Done

Figure 5.1: Improved search configuration

structure for configuring metadata has changed from two lists of items to a list of
checkboxes and a drag-able visualisation of the selected elements. The user chooses
the metadata set by checking items on the left and the system will dynamically generate
the selected metadata items on the right. In other words, the visual rendering on the
right reflects what is chosen on the left.

This dragging structure of a list is enabled by using a JavaScript library called DragédDrop
Sortable Lists by Tim Taylor Consulting. This library enables sorting of a list of items
by drag and drop, which is done purely by JavaScript and CSS. When a user checks
or unchecks an item, a JavaScript function is triggered to re-render the sortable list on
the right. After the user is done with ordering of the list and submits the form, another
JavaScript function is triggered to record the list order in a invisible text field before

the form is submitted, so that this list order can be processed after form submission.
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5.2 Interface design page

The idea here is to have a visualisation of a page (layout area) being built and providing
a toolbar of different elements that can be inserted into the layout area. This structure
is similar to most Web editors, the major difference is that the system being built here

is based on a Web browser, thus the development framework is more limited.

5.2.1 Change of JavaScript library

A new JavaScript library was found to be suitable for the purpose of this research, called
Walterzorn Drag and Drop library. This library is flexible in terms of development and
is also easy to use. Many parameters can be applied when making an element drag-able,
e.g. only horizontal/vertical movement, borders, transparency, etc. Another advantage
of this library over the one used in phase 1 is that fewer procedures need to be defined
to make an element drag-able while more features can be specified at the same time.

This is especially advantageous for error checking and code maintenance.

In this phase, we are allowing users to insert elements and make them drag-able at run
time instead of at compile time (this will be discussed in detail later in the chapter),
thus no JavaScript code needs to be pre-generated by PHP scripts, but all processes
are done at run time by JavaScript.

The author of the library also allowed some extensibility to the library; four empty
functions were allowed to be extended by library users. These four functions are
my_PickFunc, my_DragFunc, my_ResizeFunc and my_DropFunc, and are triggered when
an element is picked, dragged, resized or dropped respectively. This is particularly use-
ful to this project and some of these functions are extended to do some monitoring

work. More will be discussed in the following sections.

5.2.2 Layout area

This area is the place representing the page being designed. All elements are inserted
into this area and styles can be applied to them. Figure 5.2 shows the look of the
interface design page. The block on the left is the layout area and the tabs on the
right constitute the toolbar. The block is a fixed size HTML {d element, and when

elements are inserted, they are inserted between the <td> and </td> tags as children
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clements, The toollar tabe can be sxmpanided andd collapsed, so chan the aser con choose

whal parts of Lhe taolbar are to be seen.

Ll Protentist
whdle .
Heg=: 4o
i
i e

S TG
Ireer i 238
T c_.%@ ey
BatgrEropeTia

Fisare 5.2 luterlace desien page

Taolbar

A few catezaries of tools werg implemcnted and made into b strcteres, LBach tab
can be expanded. as well ag collapsed: this is done by hadding the contents of the tab
through JavaScript and OS5, Each tab in the toolbar contains esther elements that are
clickable (inscrtable)or relevant seutings o Lhe layont area. When a clickable element
is clicked. the clement iy iuserted into the layout arca. Five categories ol toals were
implemented. The following explaing their purposes and Fienre 5.3 shows how they

look when these tahs are expanded.

s Layout properties This tool tab is for changing the size of the lavoal area in

torms of soreen pixels.

s Web services components There are two Grpes ol Web serviee components,
browse and search: ouly the search component was lmpeemnented. The search

compencent congists of a dropdown list and a text hox encapsulated s div tag,
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Leyout Propesties | Sesrchi Cominénenits | | Ingert Trages

Width &0 7 pn

CerCoe

| Text Cowpererts | !Backaround Properties
. ___ Zacsgradnd Colour

AdiTa (el B b o

Zackarrand Image

Add Furaprigh

Fignre 5.4 Toalhar

» lmages All the images uploaded are stored o a folder oo server, Lhese mages
are displaved here o thumberals, The following mege formats are supportesd:

jpas gif, png and binp.

o Texts Two Lyvpes of fext components were plemenicd; fext aud paragraph,
Texi ia for mserting single dne texl and paragraph can be wsed Lo coler maulli-

line texts,

s Background proportics. A dropdown list of colours can be used to set the
backpround colonr of the layont ares. The same images as in the image tab
are displayed here in thumbnails as well. A button is also provided to ceniove

backeround images of the lavoul azea,

When an eement 33 clicked or a zetiing 3 sel, a corresponding JavaScript TuneTion
g trippered Lo portormn some actions. Tios imleractzon iy doseussed moodedadl o Lhe

tollowing subseetion.
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5.2.3 Layout area - Toolbar interaction

As mentioned earlier in the chapter, we have shifted the elements insertion from compile
time to run time, which means all the interface manipulation work must be performed
in JavaScript instead of PHP scripts. This is where DOM is indispensable for the

implementation of the project.

With the aid of DOM, it is possible to access any element in the page if a unique ID
is assigned to every element,; it is also possible to add, modify and delete any elements
in the page. Thus the idea here is when a user clicks on an element in the toolbar,
a JavaScript function is triggered which makes a copy of the element that has been
clicked. The same is true for setting properties of a layout area; by acquiring the handle
of the layout area (td element), it is possible to change the properties of it, such as

size, background colour or background image.

Insertion of elements

When inserting an element, other than cloning the element from the toolbar, a few
other elements need to be created too. Two text fields must be created to record the
X-Y coordinates of the element; an extra text field is needed to record the file source
if the element is an image. There are three special text fields that are associated with
the three types of element: Web services, text and image. These text fields keep count
of the number of each type of element inserted into the layout area, so when the form

is submitted, the post process can process this data accordingly.

The cloned element must also be given an ID, so that it can be uniquely identified
and made drag-able. These ID’s are generated by the concatenation of element type +

counter.

Dieletion of elements

The system also allows users to remove elements from the layout area. This is done
by registering an event handler with an element. The Double-click event is used in
this project to trigger the remove function; this remove function not only deletes the
element itself, but also does all the cleaning and removing of all associated text fields.

Hlustration 5.1 demonstrates how this is done.
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clone.addEventlistener{*dbiclick”, resmove, fzlsa);

fuaction ramovele)
//Remove olement from layout area
/Memova position text fields of the element
/11 currant olement e imige, delete lmage are text fiold

J411 gurrunt ¢lement L5 wext, delete vext contents text fluld

Hlustration 5.1: Remowal of element

Note that the remove function does not decremengprilintountor text fields, because this
may affect the generation of unique ID’s and intrediice problems in the post process of
data collection. The checking of validisy ofedata’s left 1o the dasa collection procedure

in post-process.

Drag and drop of elements

When elements are inserted-inte the layout area, they are also made drag and dropable.
Since we are inserting eleménts into the layout area, the problem here is that these
elements shonld not bedragped outside the border of the layout arca. This fanctionality
is available in Walterzorn Drag end Drop hibvary: when an element 18 made to drag aud
drop, it can be defined how far the element can be moved away in all fonr directions

from it's original position when it was inserted.
The caleulation of the four offset distances are demonstrated in the ollowing table:

From Figure 5.4, it is easy to understand how these equations are derived. The X-Y

coordinate of an element is referring to the coordiate of rop-left corner of the element.

Lastly, the function my. DropFune of Walterzorn Drag and Drop library is extended to
update the two coordinate toxt ficlds. Thus, when an clement is drageed and dropped.
this function will be triggered and update the two text fields with the latest coordinates.

It s important to remember here that we cannot just record the coordmates of the
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Direction | Offset distance caleulation

Right Lavout wiath - Flement width - (Element X conrdinate - Lavoul X coorciuate)
Battom Lavont height - Flement height - (Elenent Y coordinate - Lavout Y coordinare)
Left

Elemsent X coordinate - Layout X coordinane

Top Elemenl Y coordivate - Lavour Y coordinate

Talde 2.1 Orfser distances calenlation

e T n P g __.j

Eiement | el

LR e T
T
W

Bottom

Layout area |

Ium

Fioure 5.4; Offset distances calculation

current position of the element, bt have to caleulare how far the element i away
trom the top and left border of layout area, so when we are rencering the actual page.

clements ran be correctly placed.

5.3 Upload

T'hiz function is to aldow the wser Lo upload images Lhal can be wsed when designig
interfaces. Since the interface 1y beuy desigued online, if Lhe user waits to use some
custon unages, these images muost be uploaded Lo the server hefore they can be used.

All iinages uploaded are stored in the same divectory and are listed as thumbnails undes
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the image tab of the toolbar.

5.4 Phase conclusion

5.4.1 What was found in this phase

From the evaluation of this phase, it was found that the system lacks one core ability -
the definition of workflow. Since the interface design page is solely for designing Web
service pages, it would be useful to allow a user to define a workflow of pages and do
design work on each of those pages. Another suggestion was to implement more styles
options for text, but this is an add-on to the system instead of a new feature — the

implementation of it is greatly dependent on the time available for development.

The results page of Web services remained the same from phase 1, that is, the same
page is rendered with all retrieved results rendered directly underneath. Such a design
looks somehow awkward because all Web services elements seem to be fall out of place

with all results appended at the bottom, this does not fit in the system at all.

5.4.2 Influence on design

To allow definition of a workflow, or in other words, constructing a site structure, some
new subsystems may need to be designed and implemented. The very first one is a
navigation system that links all pages in the site structure together, otherwise some
pages may not be accessible. Another one is a site map rendering system, which can

render an overview of the structure created by the user.

The Web services page should be split into two pages, where the user needs to design
a separate interface for both parts (so that the interface for results page can have a
different look compared to the main Web services page). This follows the Google search

engine which has different appearances for the query and results pages.
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Phase 3

This final phase of development concentrated on making the system a complete one.
The two main implementation focuses of this phase are the definition of workflow and
the navigation system. With the completion of these two components, the system can
be said to have achieved the aim of this research: a system that allows user to design

their own interfaces for digital libraries in an intuitive way within a Web browser.

A separate interface design page and a stand-alone rendering page were implemented
for the results page in this phase. This separate set of interfaces is necessary to design
and render the results page, because some settings for the design of results page need

to be first defined. This will be explained in detail in the following subsections.

6.1 Workflow

Two things must be defined when building a workflow (site structure): page type and
page relationship. Page type is to identify a Web services page from a normal page, so
that Web services-specific elements can be rendered on the interface design page; page
relationship defines how a page is linked to other pages in the workflow. A few page
types were identified as necessary for the system — Home page, Help page, Blank page

and two Web services pages: Search archive page and Browse archive page.

The design here is to let users build a site structure by adding pages. The user starts
with an empty site, as illustrated in Figure 6.1; by choosing a page type from the
dropdown list and selecting a page in the site map rendered at the bottom, the page
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o7k Floyw canfiguratian: Weark Flowy cbhflguratian
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Figure 6.1: New Work[low Figure 6.2: Workflow with 3 pages

can fnserted as a child page w thie page sclected. Fipure 6.2 illusurates three pages
having been mseried, I both leures, the deseripuon eacireled 1o red chacges a0 Lhe
user selects a page i the site stenetire. This Lelps tle nser to see wlere the pape s

inzerter.

Liz Figure 6.2, the site wnap at the hottorn is rendered o real tine. The followice
twi sitbzections will disenss the data strueture used to generate tlis structure ard tle

rendering process.,

6.1.1 Data structure

To pererate a slbe structure, a data structioe which can hold irlormacion lor every
page i tle site 10 weeded, Each page has o level of acd 4 page ovpe, together wilh ins

loeation wishin the site.

An neary tree structure B odesigned Lo perionm the job, Each elemene i Lthe tree i
essentially an array of fwo eeinents, o text element and an array element — A1 srray
within an array. The text element records the level id of a page and the array element
zeeps track of all links to the child pages. Figure 6.3 is an example site structure and

Figure 6.4 llustrates how the data structwre models Lhie example site structure,
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d TN sngingaing
= pointe;
Figare 6.3: Faxample site structure Fignre fi.d: Example data strocture

Note that in Figure 6.4, elements e, €, f g are all an arvay of two element with the
second element set to nill. The second element (array) will only be initiated swhen the
[irst child page s 1o he inserted, This is implemented to save memory space. The site
glruclure can he divided e dilfferent levels wehere uie ool level 8 0, 50 The level id
Zor each page can be generated by concatenating the level of the page i the site with
its page type. For example, 1.2 Seorch mesns that the page is a search archive page
and L 18 Lhe sceond page of level Lin the site

To traverse the tree. a recursive tvaversal is required. Thus searching for a single
element in the tree may end-up traversing the whole tree i the element is at the onuter-
sl level, Sinee theslse of Lhe tree will not pe huge, efliciency of the algorithm will
niob he an ssue. When the user s done delimone Lhe sile struelure, the system needs
ter e this structure to the configuration XML, Thus this tree stracture nesds Lo De
corverted ro XML this 1s done by traversing the entire tree and huilding the XML
a8 Lraversal gels desper into 1he vree, [llustration 6.1 depicts how the XML will Jook

wlier 8 Lroe 12 converiod,

6.1.2 Site map rendering

Fimare 6.3 shows a fypleal way ol displaving a sive map. However, il s diffeull lo render
steh & troe strueture style in a browser, due to how HTML elements are rendered in
Web browsers. To render a topedown tree styncture in HTML, placement of elements

in the page and drawing of lines connecting elements are rather difficult.
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T lustracion /.1 XML stracoure ol the tree structiure

[nterface configuration:

Jerwel 2
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level 2

[Migure 6.3 Site map

However, it s mued easier to display a tree structure in a cascading faslion. Fioure 6.5
lustrates how it i done in the project, Pages at diflerent levels are aligned accordingly
and are easily recognised. The site mwap displaved at the bottom of Pigure 6.« is
rencdered Inche same way, but styled differently. Figure 6.5 i5 displayved whon 4 user
warts to build ap the incerlaces, Each of the pages in the site map is clickable and it

takes the user to the interface desipn pape onee it is elicked

6.2 Navigation System

Onee the site structure is defined, it Is necessary o establish how pages are |inked

togecher. This is done by creating a metw within overy page wiere the menu contains
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Figure 6.7: Navigation stvle configyration

links to other pages in the site structure; thus navigation is possible within the site
created, The dea bere 15 Lo define o general siyle [or navigation menn lor cvery page

in Lhe site; the only part of the navivation mems that differs are the acinal links,

Two types of general link were identified: Heme and Children. The home link takes
a User stralghl back Lo the rool pave of the site, while Children Hoks link Lo a page's
direct child pages. Figure 6.6 shows how this 15 dorse in the systern. The yser 1s allowed
to choose what type of Links to bave in the menu by selecting men itemns {left): selected
mem itemns will be dynanieally rendered on the right. The order of display of menn
iLerns can also be changed Yy drappeing these lletus in the rendered menu {right), The



CHAPTER 6. PHASE3 Fitd

svslent also provides some bazic configuration of the menu style, such as text style. text

colour and backeround coloir, Fieure 6.7 18 8 2ereenshot of the confisuration page.

6.3 Interface design and rendering

In phase 2. interface desien pages were designed Lo do only single page confignration
(for Web services pages). but we are allowing the user Lo creale a site structure 1
Lhis phasze, thus a single page interface desien will no longer be saitable becanse it
is impossible Lo precbnild interfoce design pages. Luterface design pages need to be

converted to a4 generic ane so that any arbitrary uepe ol pagecan Le dealt with.

Lyl Py e =s
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[omt

Figure 6 & Normal paee inwerlace design

There are two main Lypes of inlerface, namely normal and YWeb services: the main
differenice is that the Web service mierface has a madn page and o results page. while
a normal interface page has only one single page. Thus the wlerlace desion page must
he able to diferentiate between the two tvpes. This is achicved by passing dillorent
parameters to the interface design page when making the request. so the interface
desien papge can display dilfercm options upon different types of page. Figue 6.3

and 6.9 ilustrate how nwerlace desizn pages renders two diflerent optionz, Note the
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Figure 6.9 Web services paseintoerlace desisn

rneircled elements in Fragurs 6.4 these pptioms are specific to the Web service lifertace.
[ both figures, the navigation et inside the iayout area is the actuai rendering of
the menn dolioed by the user, =0 wser can deap and place iU to a suitable lorasion in

the paee.

Tweor parametors are passed o the interface design page when making a request: page
wrne and lesel 10, Pase name 18 used to differentiate what type of interface aptions
tir display and level T1Y 15 ased Lo generate a unigue ID when saving che settings, Thus
when rendering the actial pages. by supplving these two pacarmences, it s possible o
retricve the settings from the confignration XML file and re-create the pages. Hlustra-
tion 6.2 15 an example of the servings saved to the configuration XML file: note thar

the tag names are generated by the coneatenation of page narme and Llevel 10,

6.4 Dual page mode for Web services page

As mentioned i the development cvele chapter, the Google stvle of results display is
impiemented in this phase. Two pages are dedicated to Web services: a miain page
contains search/browse boxes and o results page having same number of search/hrowse

bioxes ay i main page, as well as o resalts display arca. Thus when the interlace design
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Spage>
<hcma-0>

</Momo-0>
<search-1,1>
<Isa;;;h-l.i>
<poarchrosult—1. 1>

Wi

</menrchyasult-1.1>

</page>

[hstration 6.2: XML structure for{page sortings

page for a results page i1s requested, settgs from the configuration XML file are
retrieved in order to render whatever Web services components were dedined. Users
can then drag these components to aguitable location in the page. Figure 6.10 1s
what will be displayed if the button Nezt is clicked m Figure 6.9, The hatton Skip
in Figure 6.9 is to skip the interface design process and jump straight to this design
page, provided that interface ‘design for the main Web services page was previously
completed.

The main difference-between this results interface desigt page and the mein interface
design page is.theability to define Web serviee result styles and their placement in
the page. In phase 1 and 2 we have discussed Web service vonflgnration where result
display settings were configured and saved to a configuration XML file, These settings
are retrieved here and used to render this Web service resulis block as seen in Figure
6.10.

The challenge of allowing a user to define styles for Web services arvises when rendering
the actual results page, with respect to applying these styles. Since PHP scripts werce
used to dynamically generate JavaSeript in previons phases. it is possible for user PHP
scripts to dynamically generate CSS seripts. With a littie amendment to tae generation
of an XSL file, each record item is assigned with & unique [D. Thus the gererated CSS
seripts can he applied to corresponding record items,
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6.5 Status block

The status blocks were the last improvement made to the svstenn This block bhelps the
nser 1o monitor the current statug of the confignration. Fignre 6.11 itlustrates how the
gLatus baock ooks before any configuration iz carried oul. Fach small part of the status
block represents a stage of conliguration: an emply block means that the unctionalivy

v not vet conligured, while & green tick means that the funetionality s conligured.

el i - Swinrklge - Mampalion | - [ IGWerake

eyin a4 g kol W | SBarch o Erowse

Tigure 6.11: Sysiem statug: Tnitial stage

The interfaee block bas chree staruses: empry block, vellow Uek and green tick, Emply
Block meany no interface is designed, vollow tick means only some pages are designed
st erecn tick means a:l pages are desioned. See Tigure 6.12 for an example. Each of
the biocks can also be clicked for fast accessibility. The Preview buttem iz to preview
the designed pages by popping up the reot page in a new browser window: thig but-

ton i disabled by defaults 10 s ondy enabled when both werdlew and navigelion are
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confipired, and at least the root pape 1= designed. See Fignze 613 for example.

e CombIEEIGIL - L WO o Malgatior - nterEce

A2 iR ki | - L Bearch W Browse
Figure 6,12 Svstem status: Incomplete conliguration on interface design

Site Comfigiiatioe —  LANIEROW | - L Mawigation —E;',r".mrra;.e

Service Cmifipholics, - L7 Bgach - A Browsa | Foewerw

Figure 6.1% System statns: Completed

6.6 Phase conclusion

6.6.1 What was found in this phase

Fromn the last evaluation, 1t was ound that the process of creating the site strncture is
not as Infuaitive as expected. Thuring the evaluanion, it was ohserved rhan participants
could not make a mennal comnertion from the site map renderad to the site structure
they are creating. A possibile solution could be wo improve the rendering of the sile
map, but as was discussed in previous sections of this chapter, rendering of a site map
it licnied by the capabilivy of Web browsoers,

Another incopnvaniancs [ound from observing the evaluation was the aligning of elements
when designing interfaces, LU way difficuls {or users to align clements either vortically
or norizontally. One pogsible solution iz tomplament o ervid system and have elements
snap-to-grid. Ome participant also suggested a tool which can move elements according

to & fixed axiz, which can make element alignment easter,

6.6.2 Implication for future development

The results from the evaluation. in general. concentrated on tmproving the system's
uzabilivy and [uncticnalicy, but uo major sharteomings woere ound in the system itsell

regarding its capubility in crearing a customdsed inforface.
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The system itself is only a prototype and needs a lot of improvements, but it is safe
to say that this type of application is possible within a Web environment (AJAX ap-
plication). The combination of server-side scripts and client-side scripts makes the
development very flexible and many applications impossible in the past are made pos-

sible now with the current Web technologies.



Chapter 7
Discussion and Conclusions

After three rounds of implementation cycles, we have built a system that enables users
to build a customised interface for digital libraries. During the development process,
HCI and software engineering methodologies were applied, as well as some new Web
technologies. We believe this type of application is particularly important for two
reasons: the feasibility of developing a complex interface manipulation application in
a Web browser (using AJAX) and the study of customisable user interfaces for digital

libraries.

With the maturity of Web technologies, many previously impossible applications are
now made possible in a Web browser. This includes dynamic content manipulation,
content style manipulation and drag-and-drop mouse actions. Since AJAX applica-
tions are essentially Web applications, universal accessibility of the system through the
Internet is another advantage for the type of application. As mentioned in previous
chapters, browser compatibility remains a big problem for AJAX applications, because
different browser vendors implement different subset of the standard and functions.
Web developers will have to be considerate about this issue when developing this type
of application.

From this research, it was found that Gecko based Web browsers, such as Firefox and
Mozilla, provide very good support for W3CDOM, through their API; details of which
can also be found easily online. Thus coding in a Gecko based Web browser (Firefox)
was more straightforward than in, say, Internet Explorer. Internet Explorer support

for DOM is poor and function names are different to the W3CDOM recommendation;
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furthermore, documentation on the API for it is also hard to find. A lot more effort
will be required if compatibility is to be maintained for both Gecko based and IE based
Web browsers. If compatibility is not an issue, Gecko based Web browser would be the

preferred choice for a development platform.

User interface customisation is still a difficult part in using digital libraries, especially
for administrators who have no programming background. Thus this research demon-
strated the feasibility of applying AJAX technology to interface builders and how it
can be beneficial to the domain of digital libraries. Administrators are given the option

to design a set of interfaces for their needs without having to learn complex skills.

7.1 Use of HCI during development

Developing the right system for a user is always difficult. In the case of this research,we
employed HCI techniques to ensure as successful a result as possible. The application
of UCD techniques called participatory design in phase 1 helped to focus the research
to the important issue — the page design functionality. Through meeting with users
and discussion on requirements and expectations for an interface system, important

aims and issues were discovered at the outset.

Expert evaluation was then used to evaluate prototypes in phase 2 and 3. From the
view of the experts in digital libraries, they can identify potential usability problems
and offer recommendations for improvements. Thus a precise indication was obtained
during the expert evaluation in phase 2 of this research. At the end of phase 3, expert
evaluation was conducted again with the same group of experts — the purpose of this

is to ensure that the system is up to the expectations of the experts.

The use of HCI techniques is a great help for developing a user oriented system, such
as the one outlined in this research. It greatly shortens the time needed to identify

user requirements and getting indications for improvements.

7.2 Use of current Web technologies

The major challenge for the development of the client-side of the system lies in the

cooperation between JavaScript and DOM. JavaScript is used to obtain access to the
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DOM object of a document — changes are then made to DOM object itself directly
using (DOM) functions provided by the browser. The biggest problem encountered
was the debugging of source code, because there is no compiler to pre-compile the code
written, thus it is rather difficult to trace for bugs.

Two problems were encountered during the development, but no solutions are yet
found. First was the rendering of the site map. The ideal way of rendering a site map
is to display the site as a graph. However, due to the textual rendering characteristic of
Web browsers, it is difficult to create a generic function to place elements in a spatial

graph structure.

The other problem is the inter-communication between server and client at script level.
This is needed when rendering the actual pages designed by user. Since it is possible
that the resolution of the browser is higher than the pages designed, which is default
to 800X600, the initial idea was to render the pages at the center of the browser. To do
this, the browser resolution must be known by the server-side in order to compute the
offset from left margin of the browser to the left page margin. Since we are rendering
page elements by absolute positioning, this offset is needed to place the page in the
center. The problem here is that the server has no access to the document DOM, which
contains browser information and is accessible by client. Thus, if the client could pass
the browser width to the server before the server renders the page, the offset can be
computed and pages can be correctly placed in the center. To do so, the client needs to
send this information to the server before requesting for a page using AJAX; however,

this was not done in the project and is left for future work.

If the system is to be redesigned from scratch, the server-side scripting language of
choice will not be PHP but JSP, because Java supports object-orientation and modu-
larisation in a better manner. From experience, the code produced by using PHP can
become very messy once the scale of the project becomes huge; it is also more difficult
to maintain. XML support in JSP is also much better and mature when compared to
PHP. If JSP is used, the server environment also needs to be changed from Apache
to either J2EE server or Tomcat server. The trade off in switching scripting language

will, of course, have to be further evaluated and assessed.
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7.3 Future Work

At the end of the development phase of this research, it was found that the system
built in this research is heading towards the direction of a Web page editor, such as
Dreamweaver, but needing to run in a Web browser. It would be convenient if some of
the features from traditional Web page editors, such as grid aligning, can be added to
the system. There are also many features that were to be implemented in the system,
but were then left out due to time constraints such as loading/saving of templates,

reloading of designed pages and text styling.

The system currently works only with ODL components, but the use of the system
in other application domains will be possible if an appropriate Conveyor Module is
implemented.

In this research, only post-graduate students, who are specialised in digital library
development, were invited for the rounds of evaluation. It would be best if the system
can be further tested in a real-life environment by administrators; in this setup, more
real-life behaviours of the system can be revealed and practical suggestions can be
made to improve the system. However, we contend that our work provides a good
foundation from which others can build and widen the scope of interface building for
digital libraries.
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Appendix A

Example

Here we will show, step by step, how to design interfaces with the final prototype of
the system.

First of all, two XML files must be edited, system.zml and odl.zml, both files can
be found in the [ib folder. In system.xml, the path attribute of location tag under
upload tag must correspond to the directory path on the server pointing to the upload
directory in the main directory; for example, /public_himl/carl/upload. In odl.xml, the
BaseURL of Web services must point to a valid Web services URL.

Now, we can start creating interfaces. The system is best viewed if screen resolution
is 1280x1024 or above, since the pages we are designing are 800x600 by default. If we
are to create a set of interfaces consisting of three pages, Home page, Search page and

a Help page, the following steps illustrate the process:

1. Define workflow
Here we define the site structure by adding desired pages. As illustrated in section

6.1, we create a site structure of three pages. Figure A.1 shows the screenshot.

2. Configure Web service
The next step is to configure Web services; Figure A.2 shows the relevant screen-
shot. Select the Dublin Core items on the left by clicking on the check boxes,
then drag the blocks on the right to decide the display order. The paging position

and the number of entries to be displayed per page can also be changed.
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3. Configure navigation menu
The navigation menu will be configured in this step. This consists of two sub
steps: the first is to define what links are to be displayed and the second is the
style of the menu. In Figure A.3, you can select the type of link to be displayed
by clicking on the checkboxes. The elements in the block on the right can be
dragged to determine the display order. Click on Next once you are done with

the setting.

Here in Figure A .4, you will be able to change the background colour of the menu.
The style of the links can be done by selecting a link type and then choosing a
colour from the dropdown box or checking bold/italic options.

4. Build interfaces
When the Build Interface link in the side menu is clicked, the site structure of
the interface pages will be shown, such as in Figure A.5. Each of the elements in

the site structure can be clicked, which will take you to its design page.

Figure A.6 shows the design page of the Home page when it is clicked. As
explained in section 5.2, the big block in the center is the layout area where
you will be designing the page. On the right is the toolbar, where each of the
tabs can be clicked to expand or collapse. The image tab allows you to insert an
image by clicking on the thumbnails; text tab allows you to insert single texts or
paragraphs; background tab lets you define background colour or image; there
is also a remove button in the background tab which removes the background
image. Each of the elements in the layout area are drag-able and can be deleted

by double clicking on the element.

Figure A.7 is the design page for the search Web services. There is an extra tab
in the toolbar which lets you insert Web services fields. Note that there are two
buttons below the layout area, Next and Skip. When you are done with designing
the page for the first time, you should click on Next to proceed to the design page
for Web services results page, as shown in Figure A.8. The purpose of the Skip
button is to let you skip to the design page of Web services results page, if the

Web services page was already designed.
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