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ABSTRACT
With the increasing expansion of Web applications, as well
as the increase in the complexity of their development, several development methods for this class of application have
been proposed. However, the majority of these methods
only support the project stage satisfactorily. It is easy to
notice that there are some problems related to the form
of functional and information aspects are treated in conjunction. Besides, development methods for Web applications give very few attention for the conception, planning,
testing and client evaluation stages. This paper highlights
such problems, presenting an evaluation of several methods
through a comparison of their main features. Considering
the fact that most of methods present several problems, we
also present a case study that uses a specific Web application to describe advantages and/or disadvantages of some
selected methods.
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1.

INTRODUCTION

With the increasing expansion of the Internet, a great
number of Web applications has being developed in the last
years. This category of application is being used to support
a great variety of segments. In the most part of these segments, many specific characteristics can be identified. These
characteristics, in many cases, influence directly the software
development process.
Several classifications for Web applications can be identified in the literature. This paper focus on Web applications that support business transactions. This category, in
∗He is also a teaching assistant of the Computer Science Department at Centro Universitário Barão de Mauá/Ribeirão
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general, corresponds to large applications that can be distributed in several servers. Besides, they can be composed
by several software components which perform specific rules
to support business accomplishment.
Considering the observable growing interest and demand
for Web applications, it is possible to identify in the literature many initiatives for the definition of Web development methods. Examples of them are HDM [8] RMM [12],
OOHDM [16], HMBS/M [3], UWE [13], WebML [4],
OO-H [11], W2000 [1], WAE [5], SWM [9] and OOWS [7].
Pressman [15] defines a set of stages a Web application
development should include. A method should start from a
formulation phase, and then flow through planning, analysis,
design, pages generation and test up to reach the customer
evaluation phase. Special attention is given to the design
phase, that is compounded by the design of the content and
by the design and production of application’s architecture,
navigation and interfaces.
Although all the above presented methods provide wide
support to the design phase, none of them includes all stages
highlighted by Pressman. Moreover, they do not include
mechanisms to support Verification and Validation (V&V)
activities.
We consider that this variety of Web development methods certainly poses hindrances for developers to define which
one is the best choice according to specific needs or domains. This paper addresses this problems, presenting a
comparison study of Web development methods based on
their main features and supporting mechanisms. For some
of them, we highlight the problems earlier referred in this
section. Considering the fact that most of methods present
several problems, we also present a case study that uses a
specific Web application to describe advantages and/or disadvantages of some selected methods. We believe that the
evaluation presented in this paper may serve as a good start
point to help developers in the difficult task of choosing the
adequate method for specific development contexts.
This remainder of this paper is organized as follows: Section 3 introduces some Web development methods, as well as
their respective supporting tools. Section 4 presents a comparative analysis among these methods under two aspects:
the stages of the development process; and the information
and the functional aspects. Next, Section 5 briefly presents
a case study where some selected methods were applied to
the development of a specific Web application. Some related

work is introduced in Section 2. Finally, Section 6 presents
our concluding remarks and possibilities for future work.

2.

RELATED WORK

There are relatively few examples in the literature of studies that investigate Web development methods [14, 13, 10].
Most research in Web engineering has concentrated on the
proposal of methods and tools as a basis for process improvement and higher product quality.
Lee et. al [14] describe an analysis where some attributes
of a Web development method were measured. The attributes used were: key modeling technique, phases, documentation, source of navigation, approach to identify users’
view and semantic richness. However, most of the results
described by the authors are subjective, which may have
influenced the validity of their results.
Koch [13] compares the phases covered by some Web development methods. As we can see later (Section 4.1), a
comparison as present by Koch may hide some important
aspects. The depth with which a Web development method
describes a phase can vary enormously. For example, some
Web development methods descriptions only propose a set
of textual guidelines while others provide supporting tools
for the some phases.
Gu et. al [10] have explored the requirements on Web development methods for representing the characteristics of
Web applications and where existing methods fail to meet
these requirements. Existing limitations tend to be most significant in several key areas, for example, the lack of support
for effective modeling of the link between information and
functional aspects. However, few Web development methods
were presented and some extensions were not considered.

Considering the extensions based on known techniques,
and based on the work of Bianchini [2] which extends previous ones [6, 13, 14], Table 1 presents the following attributes
of some methods found in the literature, each one in the corresponding table column: (i) the analyzed method; (ii) the
employed modeling technique; (iii) the chosen notation for
the models; and (iv) the supporting tool for the method.
Table 1: Development methods
Tech.
Notation
Tool
OO
UML and own OOHDM-Web
OO
UML and own ArgoUWE
OO
E-R, UML and WebRatio
own
OO-H
OO
UML and own CASE Tool
WAE
OO
UML and own
OOWS
OO
UML
HDM
E-R
E-R
RMM
E-R
E-R and own
SWM
DFD
DFD
ASCENT
W2000
E-R and HDM,
UML
OO
and own
HMBS/M OO and Fusion, State- HySCharts e
states
charts and own WebScharts
Method
OOHDM
UWE
WebML

We can observe that although the technique and notations
are different for the methods, the sequence of stages which
should be performed is similar. Initially, the domain of the
application is analyzed and designed. In the sequence, the
focus is on the structure and the navigation of the application. Finally, the graphical interface is designed.

4.
3.

WEB DEVELOPMENT METHODS

A development method for Web applications must be established in order to enable the management of the software
life cycle, including development and maintenance. It should
combine traditional techniques and principles of the software
engineering with specific aspects of the Web. However, the
latter are not considered by well known development techniques, e.g. the OMT or modeling languages, e.g. the UML
In a general way, the current methods extend the classic
ones by the addition of some navigational model to specify
the navigational characteristics of a Web application. A similar procedure is also used for the extension of some development techniques or modeling languages to the context of the
Web applications. These models define navigational views
of a system and become related to their specific groups of
users. Generally, navigational descriptions are represented
by graphs that specify the data views of an application and
the defined functionality in structural models. The nodes of
these graphs represent system views and they can be related
by navigational links (edges).
In the last years several methods tried to extend some
known techniques, such as ObjectOriented (OO), EntityRelationship (E-R) and Data Flow Diagram (DFD), for the
Web application context [9]. Moreover, some characteristics
such as the immediacy or the short time requested for its
development can suggest the use of other methods, such as
the agile ones, since among their principles, there is the fast
delivery of running product versions.

COMPARISON

In general, any evaluation involving development methods, either Web or traditional applications, is not trivial.
The goals of different development methods can be relatively
different. While some methods have in mind to support
many aspects of the development process, others only detail
few parts of it.
In this manner, in the next sections we present two comparative studies. We considered as the basis for the comparison process: (i) the stages of the development process; and
(ii) information and functional aspects of Web applications.

4.1

Stages of Development Process

For the comparison presented in the Table 2, adapted from
the work of Bianchini [2] in extension to the works of Domingues [6] and Koch [13], we considered the stages of the
development process proposed for Pressman [15], which are:
(i) formulation; (ii) planning; (iii) analysis; (iv) design (architectural, navigational and interface); (v) pages generation; (vi) testing; and (vii) customer evaluation.
It is important to notice that an evaluation like this can
omit some important aspects. The details that a method
offers to a specific activity and the information gathering
from it can present a large variation. Some methods only
consider a set of guidelines in textual way, whereas others
provide tools with support to the stages development. As
an example, we can consider the OOHDM method, that
is composed by graphical representations for the architectural, navigational and interface design stages. These steps
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Functional and Information Aspects

For the comparison presented in the Figure 1, in extension to the works of Bianchini [2] and Gu et. al [10], we
initially considered the same two aspects considered for Gu
et. al [10]: (i) information; and (ii) functional. Besides the
support that a method should offer from the information and
functional points of view, another critical issue that should
be considered it is the ability to make a consistent and a cohesive connection between information and functionalities.
For the analysis of the information aspects, some abilities we considered a method should have are: (i) modeling presentation level concepts; (ii) modeling navigational
structure and behavior; (iii) modeling user interactions with
information; (iv) modeling user roles and user groups; and
(v) modeling content.
From the point of view of the functional aspects, such abilities are: (i) modeling integration and connectivity; (ii) supporting pattern modeling; (iii) representing concepts in a
technology neutral fashion; and (iv) modeling sophisticated
system functionality.
Among the analyzed factors, the greatest limitations related for the work of Gu et. al [10] are: (i) inability to
model complex functionalities; (ii) disconnection between
functional aspects and information aspects; (iii) disconnection between business model and technical architecture; (iv) potential misuse of UML extension mechanisms; and (v) inability to support software life cycle management.
If we consider the disconnection between information and
functional aspects, we highlight that the majority of existing
methods have their origin based on the hypermedia (HDM,
RMM, OOHDM, W2000, UWE and WebML). They usually

Target
zone
●

●

WAE(1999)

●

WAE(2002)

UML

●

●

OOH

●

OOWS
●

W2000

OOHDM
●

●

RMM

●

WebML

UWE
●

●

low

X
X

are supported by the OOHDM-Web tool. On the other
hand, the method only describes some concerns regarding
the pages generation stage.
Table 2 also shows that most of Web development methods
provide few, even no support to V&V activities, in particular
to testing activities. As a complement, from the point of
view of V&V and more specifically in relation to revision
and inspection activities, the literature reveals that nothing
related with these activities was identified in those methods.

4.2

Development method support
for functional aspect
low
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Table 2: Development methods process stages
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Development method support
for information aspect
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Figure 1: Development method evaluation:
information and functional aspects
provide interesting and sufficient rich characteristics to support information aspects of Web applications, specially for
the navigational and presentation modeling. On the other
hand, they offer a very limited capacity to support more
complex functionalities during the design stage of an application. The WAE method intends to extend the UML
notation to support operations and interactions of Web applications. From this point of view, WAE is the only one
that fully deal with functional and information aspects.

5.

CASE STUDY

We conducted a case study aiming at having a better understanding of some development methods discussed in previous sections of this paper. This case study consisted of
the modeling of a specific Web application using different
methods. The application in question is a knowledge portal
of testing tools, criteria and strategies for Web Applications.
In the first part of the case study, some methods were select considering the evaluation carried out in the Section 4.2.
We selected the ones that have prominence of information
or functional aspects. These methods are the WebML [4],
that it is the best rated regarding to information aspects,
the W2000 [1], that is very close to the target zone (see Figure 1), and the WAE (2002) [5], that is the only one inside
the target zone.
After the selection of theses methods and the knowledge
portal requirements definition, for each selected method we
performed the proposed activities. Considering that some
stages consist in well known activities and artifacts, these
artifacts were reused during the modeling for several methods. Examples of these artifacts are the use cases diagrams
and the class diagrams.
The knowledge portal was modeled using these three
methods. Based on that, it is possible to notice the advantages and/or disadvantages among them. It is important to
notice that the selected methods use several models based
on UML notation, which is a very common standard used
in several kinds of software modeling.

The WAE method, that uses a UML extension with
specifics stereotypes and notations, has proved to be very
complete and consistent, specially when considering the capability of modeling the server logic by the use of communication between server and client inside of pages in a Web
application. Moreover, the human-computer interaction was
well represented by use of UX diagrams, that include several
important elements for Web applications.
The WebML method, as well as the WAE, also uses UML
resources for the modeling of domain elements. However,
several artifacts requires an own notation, that caused a
great effort demand for the understanding of their elements
and particularities. Besides that, their models provides a
good representation for navigation and hypermedia elements
of a Web application.
Finally, the W2000 method divides the modeling in two
stages: “in-the-large” and “in-the-smalls”. From one stage
to another, several refinements are required. However, these
is one among others forms of employment of the W2000
method. It may, for example, support and incremental development. Therefore, this should not be considered a different of the method. Moreover, the extensions created from
the UML are not representative when it is necessary to create the navigational and information models. Some extensions, such as the scenarios or sequence diagrams, do not
add relevant information to the original diagrams.

6.

CONCLUSIONS AND FUTURE WORK

In the last years, Web applications became crucial for
many business domains, increasing the demand for reliable,
consistent and well designed systems. However, in many
cases, Web applications are developed in a ad-hoc manner, in
which maintenance tasks are continuously carried out without any control.
Concerning this, added to the increasing complexity of
Web applications, there is a growing interest on the manner these applications are developed. This has been motivating the proposal of several methods and tools to support Web applications development, each one with particular strengths and weaknesses.
This paper presented a comparative study involving these
methods. The comparison was based on an analysis of features and mechanisms provides by them and on a case study
we have undertaken. We could easily notice that all methods
give special attention to design related stages (i.e. architecture, navigation and interface). However, they do not handle
others, certainly not less important stages of software development, such as planning, requirements analysis and V&V.
In addition, in many situations the support that a method
provides for a specific stage varies significantly.
Another observed characteristic is the lack of supporting
mechanisms for the proposed methods, specially when we
consider an application under both functional and information points of view. In this context, according to our analysis, the WAE method [5] is the only which contemplates
these aspects satisfactorily.
The results initially presented in this paper have been
serving as a basis for other ongoing works, such as: (i) the
extension of the case study presented for other Web development methods; (ii) the conduction of others case studies involving the same methods with others Web application; (iii) the development of the knowledge portal of testing
tools, criteria and strategies for Web Applications testing;

and (iv) the definition or extension of a development method
regarding to the reported problems, specially with respect
to V&V activities.
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