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Abstract. ‘Garbage in Garbage out!” This is very true when user requirements
are not addressed accurately in Web (or any) Application development. Adding
fuel to this fire is the ever-changing business requirements that force these web
(or any) applications to change and evolve. In order to deliver web applications
that meet user requirements, within budget and time constraints, it is important
to use appropriate methodologies, tools and techniques suitable for a dynamic
environment. Experts in Software Development have been researching and
practicing many approaches to over come these issues. However, after a decade
into Web application development, only a few of these approaches are effec-
tively used in this domain. This paper discusses use of two such approaches: (a)
use of Components and (b) End User development that can be effectively used
in combination for Web Application development. In our work in the Small to
Medium Enterprise (SME) sector we have developed a set of Components that
allow End Users to assemble, deploy and run Web Applications. We have in-
corporated these Components into a framework that facilitates the deployment
of these Components developed by developers.

1 Introduction

With advancements in Web in past decade, businesses have been using Web tech-
nologies to make a global presence and/or to enhance internal business processes.
Web’s ubiquity, simplicity and cost effectiveness have made it a suitable tool espe-
cially for Small to Medium Enterprises (SMEs) to be competitive in a global business
environment. AeIMS (Advance enterprise Information Management Systems) [1]
research group at University of Western Sydney has been working with SMEs in
Western Sydney region to investigate how Information and Communication Tech-
nologies (ICT) can be used to enhance their business processes to get competitive
advantages in global economy[2]. In this work we have identified various issues that
SMEs face when trying to implement web based systems to enhance their business
processes. These issues vary from not being able to get web applications developed to
meet needs of the business in a timely manner to development projects running over
budget.

Researches and practitioners in Web domain have been trying to adapt solutions
that were initially developed for software engineering [3] .In our research we find that
using one approach, method, etc. in isolation does not address all the issues that we
have come across in Web Application development in the context of SMEs. Ginige,
A. [2] suggests that computers should be viewed as medium to capture knowledge
instead of creating specific end products as a way of meeting needs of SMEs in rela-
tion to web applications to support their business processes. Fischer, G. also supports
this view of End User development as future of software development [2, 4, 5]. IT
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consultants also recommend, “do it your-self”, DIY, approach for SMEs [6]. Based on
above thinking in this paper we present a solution that enables End Users to develop
applications using Components that are developed by web developers.

We have identified two types of basic Components; they are (a) Tools that allow
End Users to create and assemble applications and (b) Engines that could be used to
run these applications. The concept of Components presents a need for a framework
that can support execution of them. Therefore we have extended a web application
development and deployment framework, Component Based E-application Deploy-
ment Shell, (CBEADS©) which was developed by AeIMS Research group.
CBEADS® framework and generic Components allow End Users to assemble, deploy
and run applications by themselves. Further more new Components could be added to
this extensible framework by developers. End Users can reuse the Components to
develop different other applications.

Major findings that we present in this paper are; a discussion of issues in relation to
Web Application development for SMEs, combination of Component based approach
with End User application assembly and deployment to over come the issues that
were identified, a study into finding requirements of aforesaid Components and ex-
tension of CBEADSO framework to incorporate Components (Tools and Engines).

2 Solving the Problem at Conceptual Level

In this section we analyse different issues in web application development in SME
context followed by an investigation of web application domain to find how other
researchers and practitioners have tried to solve similar issues. Then we bring forward
a concept of incremental development environment where developers and End Users
can work together (not necessarily in the same location) to develop applications to
overcome the issues that were identified.

2.1 Web Application Development Issues in SMEs

As a part of our work in SME sector in Western Sydney region of Australia, we have
been assisting organisations to eTransform their business activities [7]. In the past
three (3) years we have been closely working with fourteen (14) such SMEs. With
these companies we have developed seventeen (17) web applications in total, ranging
from static public web sites to intranet applications to support their eTransformation
process. This work with SMEs provides a test-bed for the three strands of research
namely eTransformation, eApplication Development and Emerging Technologies
carried out by AeIMS [1] research group. Based on the analysis done on web applica-
tions developed so far and also with our previous experiences in software application
development we identified the following issues that are related to web application
development in the context of SMEs;

— Developers failing to fully understand user requirements.

— Users failing to accurately specify changing requirements in evolving business
environment and developers failing to incorporate them successfully into already
developed applications.

— Need for incremental addition of new web applications to keep pace with eTrans-
formation stages.
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— Keeping up-to-date information in web applications that are visible to a wider
audience.

— Web Application development projects failing to deliver on time and within
budget.

To address some of the above issues, in past decade experts in web domain have been
researching and adapting some concepts used in software engineering into web appli-
cations development. In particular researchers such as Li [8], Petkovic et al [9], Gel-
lersen et al [10], Zhao [11] have used Component based approaches for web applica-
tion development. Also researchers such as Rode et al [12] and Morishima et al [13]
have explored suitability of End User computing for web application development.
However, we find that use of one approach, methodology, tool or technique in isola-
tion cannot address all the issues of web application development mentioned above.

2.2 Proposed Solution: Combining End User Development
with Component Based Development Approach

We studied approaches SMEs have been using to develop different web applications.
Applications varied from a simple static web site to an automated internal business
process such as a leave approval process, enterprise resource planning etc. Mainly
SME:s use one of two methods (Fig 1) in order to develop these applications. First
method (see (a) in Fig 1) is to get an analyst to specify application requirements, get
designers to design the system and developers to implement it. In reality above tasks
are done either by an individual or a group of people, depending on the complexity of
applications. Other extreme (see (c) in Fig 1) is to use a tool that allows them to at-
tempt to do this task by themselves. The WYSIWYG type web development tools
such as FrontPage and Dreamweaver make it possible for End Users to develop sim-
ple web applications without having to do any coding or relying on a developer.

Both above approaches ((a) and (c) in Fig 1) have their own problems. Success of
resolving web application development issues in the first method depends on many
factors such as how well the users communicate requirements to analyst, skills of
design and development team, appropriateness of methodologies used and flexibility
of design to incorporate future needs. These factors are beyond the control of SMEs
and do not guarantee to solve web development issues outlined in section 2.1 above.
On the other hand second option ((c) in Fig 1) makes it possible for users to develop
these applications themselves. Hence we can assume issues of communicating user
requirements to analysts are eliminated. However, most tools that are available for
End User web application development are either not capable of developing complex
applications with both front end and back end components or way too complex to be
used by nonprogrammers (End Users). Copeland et al’s analysis on existing web
development tools verifies this observation [14].

Therefore to strike a balance between above two extremes ((a) and (c) in Fig 1) we
suggest a hybrid approach. In this approach developers create Components (Tools and
Engines), which End Users can use to create and deploy web applications. This hybrid
approach also supports incremental development. End users can develop applications
when required and also maintain them. Developers can keep adding new Tools and
Engines when existing Components cannot meet End User needs.
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Fig. 1. Possible Approaches for Web Application Development

We believe the use of End User development concept and Component based de-
velopment approach in combination in an incremental development environment
address the issues in web application development in the context of SMEs. Also the
reusability aspect of Components (Tools and Engines) makes it possible to rapidly
develop web applications within budget. Since these Tools and Engines are agile and
supports evolution, End Users themselves could handle change management of appli-
cations. Further the incremental development environment allows SMEs to meet new
web application needs required in eTransformation [7].

3 Design of Tools and Run Time Engines

In this section first we discuss End User perspective of technical concerns in web
application development. This is followed by a discussion on how to encapsulate
critical application development know-how instead of application domain knowledge
into Components so that End Users can use their application domain knowledge and
develop their own web applications. In this approach these Components will be re-
used across different web applications as we provide generic Components. Further we
present implementation of these Components in CBEADS® framework.

3.1 End User Perspective of Technical Concerns of Web Application

In Rode et al’s [15] empirical research into ‘End Users mental model’ they attempted
to find functionalities that web application development tools should provide to han-
dle concepts that are critical to web application development. We have extended and
categorized their list of critical concerns in web application development (see Table 1
left most column). The concerns critical to web application development are mainly
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three fold. They are issues in (i) front end development, (ii) back end application
development to support the front end and (iii) data layer that supports both backend
and front end functionalities. Also in Rode et al’s research they have accurately iden-
tified that tools provided for End Users to develop web applications should encapsu-
late issues critical to web domain. Further we argue that it is important to abstract user
requirements and develop a set of Components that does not depend on user applica-
tion domain. This method allows those Components to be used across many applica-
tion domains to develop applications.

Ginige and Murugesan have researched into categories of web applications and ac-
cording to their classification they had identified six types of web application catego-
ries [16]. We have reorganized this categorization and added few more to it such as
web-based application development tools and search tools to bring it up to date.

In Table 1, we have attempted to bring together Rode et al’s [15] critical issues of
web applications development (left most column of Table 1) with Ginige and Mu-
rugesans’ [16] types of web applications (top most row of Table 1). Aim of this exer-
cise was to find degree of importance of different concerns with various types of web
applications (see Table 1). Then we asked eight (8) experienced web application de-
velopers to fill cells in the middle with a rating to identify to what degree each of the
critical issues are applicable to different types of web applications. After correlating
their input we produced Table 1.

Use of the information gathered in Table 1 is to find different critical concerns that
should be supported by a framework and by Components (Tools and Engines). For
example a framework should support concerns that are common to all web applica-
tions while other issues specific to individual application types need to be addressed
by Components. Using this approach we can hide complexities of web application
development from End Users and provide a framework that is easy to learn and use.
The requirements for Components are found by abstracting different applications, for
example if the need for the application is to develop a ‘leave application approval
process’ the Components should be abstracted to a level up (Fig 2). This leads to
providing a Tool that can generate forms and attach rules that apply to leave process-
ing and an Engine that can support runtime operation of the form based on the rules.

+ LeaveFomm + Purchaze
+ Leave approval requisition Form
pracedura = approval
* Repors procedure
* Repors
Leave Processing Purchase
System Requisition System
Z'E\'.‘;,__‘ s
o e Y Application Level
—— - _'-..f‘\— — — - o ———
et | Meta Application Level
Form e
Report Routing
Generation Tool generation Engine ‘
Touol

Fig. 2. Meta Level Abstraction of Component Parts of the Application: An example of re using
Components (Form Generation Tool, Report Generation Tool and Routing Engine) developed
for ‘Leave Processing System’ in a different application scenario (i.e. to develop a ‘Purchase
Requisition System’)
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3.2 Requirements of Components

In creating Components that are suitable for End User application development, de-
velopers have to take following requirements into consideration;

— Components should capture domain knowledge of web application development
and hide complexities from End User.

— Should not capture application domain specific knowledge into Components.
Rather those specific application needs should be abstracted and generic Compo-
nents (Tools and Engines) should be created that can be used across many applica-
tion domains (Fig 2).

— Components should be easy to use by End Users, yet they need to be complete so
that it aid full capture of all the necessary ‘Components parts’ of the application
such as front end pages, back end processing logic and database information.

3.3 Extensions to CBEADS©O

Initial CBEADS® (Component Based E Application Deployment/Development Shell)
[2], [17] was created in 1998 with basic functionality of user authentication, role
based access control, ability to add more functions and assigning these newly created
functions to users. This ability of adding more functions to CBEADS® made it a can-
didate for it to be the framework that can support incremental development concept.
With the extension of CBEADS® with Components that are suitable for End User
application development, now it has got four types of modules, as depicted in Fig 3;
(a) tools, (b) engines, (c) applications and (d) the shell. Tools and Engines are the
Components implemented by developers that can be used by End Users to assemble,
deploy and run applications. Applications could be both End User developed or de-
veloper implemented applications that are deployed on CBEADS®. However, depend-
ing on the need applications could be developed that does not need to run on
CBEADS® framework. For example a static web site generated using ‘content man-
agement system’ tools could be deployed with an ISP. The shell contains modules
that are common to Tools, Engines and applications to operate smoothly. CBEADS®
environment as a whole depend on basic web infrastructure such as operating sys-
tems, web servers, etc. for its operation.

When adding new Components to CBEADS® developers need to decide whether it
need to be a tool, engine or a module in CBEADS® framework and register them
accordingly. Tools are the Components that are needed for creating and assembling
‘Component parts’ of an application, for example front end pages, business rules,
back end databases, etc. Engines are the Components that support runtime operation
of the application. If all Tools, Engines or applications need a module it is imple-
mented as a module in the core shell. For example functionalities such as user man-
agement, access control, session management, etc. are needed by Tools, Engines and
applications. Hence they are in CBEADS® core shell.

4 An Application Scenario

Using Tools and Engines on the extended CBEADS® framework we have enabled
SMEs to develop and deploy web applications in an incremental manner. Here we
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Fig. 3. CBEADS® framework; Tools, Engines, Applications and Shell

Table 2. Tools in CBEADS®

Tools Critical concept covered Description
Report Generator Binding form input with Use to design reports by defining
backend database and tables data and calculations or processing
want to apply on data retrieved.
Form Generator Form Creation & validate Use to design web forms.
inputs
Template Generator | Template creation Use to design the page templates.

Table 3. Engines in CBEADS®

Engine Critical concept covered Description
Routing en- | Representation of business | Use to route a form from one user to an-
gine logic (rules) in applications | other based on business rules.

Context Reso- | Querying a database & | Use to resolve the context of artifacts. E.g.:
lution engine getting conditional outputs. | immediate supervisor of given person.

Interface Binding form Inputs with | Use to render the GUIs with form, report,
Rendering backend database tables & | etc.
Engine validating inputs

elaborate how End Users could use CBEADS©, Form Generator, Report Generator
and Routing Engine to develop a leave application. First we have to create a new
application and name it as leave application. Through CBEADS® framework we can
also assign users or user groups for the applications. Then we have to create a leave
form with different fields such as no of days, from to, and leave type, etc. using Form
Generator tool and attach rules with the leave form. For example Rules can be routing
sequence — from whom to whom the application and result has to be routed and when
and what has to be saved to a database etc as shown in Fig 4. Next the leave applica-
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tion should be registered with the routine engine, the run time Component responsible
for routine forms. After that report formats and data to be displayed need to be speci-
fied. For example the data can be the statistics of leave applications processed with in
a given period and the constraint is time period. Finally the reports are registered with
the report generator to create the reports dynamically.

This section illustrates how the combination of component approach and end user
development address the issues in web application development based on the above
Application Scenario.
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Fig. 4. Setting up Rules and Actions in Form Generator

Possible changes that could be requested after implementation for this leave appli-
cation would be;

— Changing the initial leave form to add or remove fields

— Variations that could occur due to people (role) changes in the organization struc-
ture

— Changing the routing and business rules for example “Form 2005 onwards every
leave application that is more than 15 days needs to be approved by the Managing
Director”

Since the leave application implementation was abstracted to a level up to allow the
changes related to the form itself (fields), its associated business rules and organisa-
tional structure to change individually without affecting one another it is easy for the
above changes to be implemented to the leave application process.
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In the case where there is a need for another leave application form for a sub com-
pany (with different organizational structure having changed roles and dissimilar
routing and business rules) or a new form (such as purchase requisition form) for the
same company, it is easy to implement that system using the same tools that was used
for leave application process. Hence it reduces the cost and the time involved in future
similar development activities.

As rules can be added through GUI as an expression this allows end users who has
got a better understanding of their own application rather than the developers to par-
ticipate in development. This understanding helps them to improve the applications
for their need and to specify requirements for new applications correctly.

The CBEADS® framework supports the incremental addition of applications. We
can add, delete, update applications while the framework is in use.

5 Conclusion and Future Work

This paper discusses a Component based End User development approach which is
suitable for SMEs. By providing End Users with a set of tools to develop the web
applications themselves we can solve the problems with requirement analysis and also
reduce the cost and time to develop the applications. However, the mindset of End
Users should change for this approach to be successful, as End Users have to actively
participate in design and development.

We are currently refining the Components to reduce the effort required by End
User when developing applications and providing a feed back mechanism to guide
End Users to minimize faults that can happen in web application development. Also
another area that needs further investigation is handling of exceptions for an instance
of a form (business process) that is in operation. At the same time we are researching
on success of the approach with group of SMEs volunteered to develop their applica-
tions themselves.
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