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Methodologies to develop Web Information Systems
and Comparative Analysis

M. José Escalona, Manuel Mejías, and Jesús Torres

New systems are currently being developed which have different aims from the systems developed some years
ago. Current systems tend to be distributed, with huge storage needs and complex functional requirements.
But these systems are also distributed via Internet so interface, information recovery, navigation and multi-
media are all fundamental aspects. These new systems are known as Web Information Systems (WIS). The
complexity of these systems and the fact that they are systems requiring constant maintenance due to the fact
that they continually change to adapt to users’ new requirements means that they have to be developed using
a standardized process. There is currently no standard methodology accepted by all the software engineering
community. This paper presents the result of a comparative study analysing the different methodologies
which are currently applicable to the development of a Web Information System.
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Introduction
The characteristics of current software systems are differ-

ent from those of systems developed some years ago. Storage
and multimedia information retrieval needs, together with the
existence of the Internet, give rise to very complex distributed
software systems in which different user roles are identified.
They also incorporate an extensive functionality in which
navigation and user interface are of paramount importance. We
call these systems Web Information Systems (WIS).

In addition to the intrinsic complexity of these systems, their
maintenance also tends to be complex. The fact that they are
distributed via Internet requires them to be constantly updated
and revised.

Another important aspect to consider with regard to these
systems is the need to offer the user a simple and suitable
navigation with a quality interface which provides the user with
effective information retrieval. This, together with the fact that
in many cases the user has multiple roles, each one requiring a
suitable interface, means that interface, navigation and infor-
mation retrieval are all vital aspects to be considered when
developing WISs.

In spite of the attention that WISs are currently attracting,
there is no standardized and complete methodology to serve as
a development reference. This paper presents the result of an
exhaustive survey of the most important proposals currently
applicable to the development of WISs, and analyses the scope
of application, the phases of the development lifecycle, and the
techniques employed for each one.

In the second section of this document we go into the concept
of the WIS and the relation between these systems and other
current ones, such as digital library or multimedia application
systems. In the third section, we present a short summary of the

methodological proposals that have been included in our sur-
vey and in the fourth section we make a comparative analysis
of them. The paper closes with the conclusions we have drawn
from our survey (section 5), and the bibliographical references
used (section 6).

Web Information Systems
Due to the large number of terms currently in use in the

software engineering world, and the lack of precise definitions
for these terms, before starting our comparative study we need
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to define exactly what types of systems we are going to consid-
er as WISs. To this end we need to study what relation WISs
have with others currently under development.

Until a few years ago, most of the systems developed were
management systems which were aimed at solving problems
arising in a specific environment. These systems put great
emphasis on storage and functional aspects. The users of these
systems are generally known and there are not a great deal of
user roles to be found within these applications. Moreover, the
interface tends to play a secondary role, since users only need
to be trained how to use the applications properly.

In the mid 80s, a series of systems with a different focus
began to appear; the so called multimedia systems. These sys-
tems tend not to be complex in terms of storage information
requirements or functionality requirements. However, both the
interface and multiple means of information storage (images,
videos, sounds, etc.) are vital to any project’s success.

Another concept to have emerged in recent years is that of
information processing systems for digital libraries. A digital
library is a library that has been expanded and improved by
applying digital technology. It brings computers, storage sys-
tems and communication networks together with content and
the software necessary to reproduce, emulate and extend the
services provided by conventional libraries. A digital library
must fulfil all the tasks of a conventional library and make use
of digital technology advantages in storage, search and net-
works, as well as integrating new types of media (texts, images,
sounds, videos, animations etc). A digital library provides a
user community with coherent access to large, organized infor-
mation repositories. Digital libraries are built (by collecting
and organizing the information) by a community of users, and
their functionalities depend on the informational needs of this
community. Users’ ability to access, reorganize and make use
of this repository is enhanced by digital technology.

In the light of these definitions, we must ask ourselves what
a WIS is. Any of the systems mentioned above may be consid-
ered as a WIS. Due to their information storage needs and their
functional complexity, WIS are similar to classic information
systems. However, the multimedia information which usually

appears in WIS and the need for a suitable, user-friendly inter-
face make them similar to multimedia systems. Moreover,
coming back to our definition of a digital library information
system, if the WIS is aimed at managing a digital library, these
concepts will be indistinguishable.

To sum up, the concept of WIS is a broad concept that
includes what are known as multimedia systems, management
systems and information processing systems for digital librar-
ies. In figure 1 we can see how these are interrelated. In short,
a WIS is a system of information made available over the Inter-
net and is characterized by having large storage needs and com-
plex functionality requirements, as well as other critical aspects
such as interface, navigation and multimedia.

Proposals analysed
In the previous section we saw that a WIS is a broad con-

cept which includes the other types of systems.
Therefore, when we are looking for a methodology to apply

to the development of a WIS we need to look at other environ-
ments, such as multimedia or management systems, since there
are currently no methodologies oriented towards these systems
in existence. Fifteen proposals have been studied. Obviously, in
this paper not all of them can be exhaustively presented. We
will present the most significant aspects of each of them in
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Figure 1: Relationship between Web Information Systems 
and other systems 

libraries

Proposition Reference Environment

HDM [Garzoto 1993] Multimedia

RMM [Isakowitz 1995] Multimedia

EORM [Lange 1995] Multimedia

The MacWeb Hypermedia [Nanard 1995] Web and multimedia

Design Method

OOHDM [Rossi 1996] Multimedia. In last 
versions oriented to the 
web

WSDM [De Troyer 1997] Web

OO-Method; 
OO-HMethod

[Pastor 1997] Deals with management 
systems. OO-HMethod 
with multimedia

SOHDM [Lee 1998] Multimedia

RNA [Bieber 1998] Web

HFPM [Olsina 1998] Web and Multimedia

OO/Pattern Approach [Thomson 1998] Web and Multimedia

Unified Process [Jacobson 1999] Deals with managament 
systems

Building Web Applications 
with UML

[Conallen 1999b] Web

Specification and 
modeling of multimedia 
and hypermedia systems

[Mandel 2000] Web and Multimedia

A UML-Based 
methodology for 
Hypermedia Design

[Hennicker 2001] Web and Multimedia

Table 1: Abstract of studied methodologies
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order to have a better understanding of the results of the com-
parative analysis that we will be showing in the next section.

The methodologies are presented in chronological order. In
table 1, all the proposals to be studied are listed, together with
their references and the environment they work in.

3. 1 HDM– A model-based approach to hypermedia 
application design

HDM (Hypermedia Design Model) [Garzoto et al. 93], is one
of the first method develop in order to define the structure and
navigation characteristics of multimedia applications. HDM is
based on the model E/R, although it extends the concept of
entity and introduces new elements such as units or links.

In HDM the application is specified using an extended E/R
model. This model represents the global structure of the appli-
cation without being concerned with the development of the
unit elements. To do this HDM defines new elements that can
be added to the E/R model. HDM was the first approach to
multimedia application modelling. One of the most important
proposals is that it highlights the need to separate stored infor-
mation from the information presented to the user. This idea is
common to most of the following proposals.

However, HDM is not a methodology for the development of
multimedia applications but simply a modelling technique.
Although the elements defined by HDM (entities, perspectives,
links, units, etc.) are used to define this type of applications,
they are insufficient to guide the designer in the development
process. Another fundamental problem with HDM is that it has
become somewhat obsolete in the sense that the current design
trend is to use the object-oriented paradigm. In response to this
problem new proposals such as EORM or OOHDM have
emerged, which, while sharing HDM’s ideas and aims, adopt
the object oriented paradigm for designing multimedia applica-
tions.

But one aspect which is missing from an HDM model is that
it does not specifically deal with such aspects as interface, mul-
timedia or information retrieval. HDM assumes that these
aspects will be dealt with at a lower level of development.

To sum up, HDM would set the bases for future development
proposals, offering ideas such as the separation of the concep-
tual part (or the information stored) from presentation (or the
information presented). It was also the first attempt to standard-
ize the development of multimedia applications, but it is far
from being a methodological proposal for the development of
WISs.

3. 2 RMM– Relationship Management Methodology
RMM is proposed by Tomas Izsakowitz, Arnold Kamis and

Marios Kounfaris in 1995 [Izakowitz et al. 95]. It can be con-
sidered as a methodology because it includes analysis and
design phases. RMM proposes a process based on seven phases
or stages, among which are navigation design, interface and
testing.

The proposal is based on the E/R model and on HDM, since
RMM includes all the extensions to the E/R model made by
HDM. Taking them as a starting point, it defines a new model,
RMDM, which proposes a language which allows developers

to describe the application’s domain objects, interrelations and
hypermedia navigation mechanisms.

RMM is a step forward with regard to HDM. It proposes a
methodology based on the E/R model and on HDM to represent
multimedia applications. Precisely for this reason it did not
enjoy any great popularity; it is an E/R based technique when
by that time (1995) the trend was towards object-oriented. One
advantage that made RMM interesting was the fact that it
proposes a defined and structured process to follow for devel-
oping applications. This process, however, lacks the first phas-
es to be taken into account in any software development proc-
ess, such as requirements gathering, for example. Also the
phases of the process are too open-ended for it to be considered
as a suitable development tool, because the only phase in which
it specifies a technique is the one in which the RMDM model
is used (phase 2). The other phases are left open to the design-
er’s discretion.

3. 3 EORM– Enhanced Object Relationship Methodology
Like OOHDM which we will be seeing later, EORM [Lange

95] is one of the multimedia application design methodologies
which is most referred to in papers on the subject. It too was
developed from RMM and HDM, but it uses the object oriented
paradigm.

EORM proposes an iterative process consisting of enhancing
an object model to represent the existing relationships between
objects (links). Its structure has three phases: analysis, design
and construction. In the first phase, a class model which repre-
sents the system without taking into account aspects such as
navigation or interface is developed. The aspect of navigation
is left for the design phase, in which the model obtained in the
previous phase is enhanced to represent navigability within the
system. In the construction phase, techniques are proposed to
transfer the design model to the computer.

Since EORM is an object oriented proposal it guarantees all
the advantages offered by this paradigm, but it also increases
the possibility of reusing the applications, by defining a series
of included libraries and repositories. EORM is also suitable
because, following the original idea of HDM, it separates
navigational from conceptual design. This guarantees reusabil-
ity and easier maintenance. If there is a change in navigation,
the conceptual structure is not altered. Also the application of
EORM methodology can be made quite simple by using ODM-
Tool, a tool developed by the author of EORM. This tool is used
alongside the commercial graphical user interface builder,
ONTOS Studio, and an object oriented data base management
system, so as to allow interactive design of EORM schemas and
automatic code generation, initially in C++.

In spite of all these advantages, certain criticisms can be lev-
elled at EORM. First of all its methodological process is insuf-
ficient in many cases, mainly because it only deals specifically
with aspects of storage and navigation, leaving aside such
issues as system functionality or interface aspects. Neither does
it mention at any time the techniques to use in order to obtain
the models it proposes, or the products that should be generated
in the development. EORM also leaves aside a very important
aspect in most applications: requirements gathering. Not only
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does it not offer any proposal but it gives no indication of any
that might be used.

In summary, EORM is the first object oriented proposal
which offers a series of ideas and models that are very suitable
for representing navigational and conceptual design, but it
omits critical aspects in the development cycle such as require-
ments gathering and definition, and specification of the differ-
ent user roles.

3. 4 The MacWeb Hypermedia Development Environment 
The MacWeb Hypermedia Development Environment, pro-

posed by the Nanard brothers in 1995 [Nanard/Nanard 95] can-
not be considered as a real methodological proposal. In the
MacWeb environment, a hypermedia application is developed
on the basis of the interface. The authors of this environment
stress that the most important thing in a web application is com-
munication with the user. They therefore focus all the develop-
ment process on the interface. According to this proposal, a
hypermedia application design must be divided into two major
phases: the development of the mental process, in which the
work group must know the environment where the system and
working mechanisms are going to be implemented; and the
execution of the methodological steps, in which the system’s
conceptual model or basic class model, the navigational model
and the interface are all designed, and in which the implemen-
tation is carried out and the testing plan is executed.

The MacWeb development environment proposes the use of
classic object oriented techniques, such as generalization and
instancing to represent navigational aspects. Together with
MacWeb, a tool was created which helps to execute the devel-
opment process. This tool has predefined classes such as nodes
or links.

The MacWeb development environment is interesting
because of the separation it proposes between content and
development aspects. This separation is found in real develop-
ments in which IT specialists have to develop a multimedia
application about a subject on which they are not usually
experts. The collaboration between thematic and technical
experts is becoming ever more necessary, and consequently
both aspects need to be borne in mind in the development proc-
ess. It is also the first proposal to take the user into account in
the system development cycle.

3. 5 OOHDM– Object Oriented Hypermedia Design Model
OOHDM is a development methodology proposed by Rossi

and Schwabe [Rossi 96] for the production of multimedia
applications. OOHDM is based on the HDM model in so far as
it uses many of its definitions, especially in the navigational
aspects. However, OOHDM is far superior to its predecessor,
since it is not simply a modelling language, but it defines some
working patterns, mainly design focused, to develop multime-
dia applications in a methodical way. OOHDM has evolved a
great deal since it first appeared. It is currently being used by
its authors for the development of web applications.

OOHDM divides the development process into four phases.
In the first phase, conceptual design, the system’s class model

is produced. After that, navigation is modelled in the naviga-
tional design phase. This is done by means of two models: nav-
igational classes and navigational contexts. These models are
based on object orientation and they are designed taking the
conceptual model of the previous phase as the starting point.
The following step is the abstract interface design. Here, by
using a graphical interface abstract modelling language, and
abstract data views (ADVs) [Schwabe/Rossi 01], an interface
representation is produced without going into any design
aspects. Finally, in the implementation phase, these models
would be transferred to the computer.

OODMD is without a doubt one of the most widely accepted
methodologies in multimedia application development
[Schwabe/Rossi 98]. It is currently being used as the basis for
the development of new methodological proposals for WIS
[Mandel et al. 00]. OOHDM is a design oriented proposal
which makes use of a series of ideas which have been adopted
by many other proposals, and which have produced some very
good results. The first of these proposals is that it makes a clear
distinction between conceptual, navigational and visual design.
This independence makes for much easier application mainte-
nance. It is also the first proposal which makes an in depth
study of interface aspects, which is essential not only in multi-
media applications but is also a critical point in any system
developed these days.

OOHDM also uses the object oriented and such a standard-
ized diagram as the class diagram in order to represent the
navigation aspects by means of what is known as navigational
classes. This idea has produce very good results and it seems
very adequate when working. 

OOHDM also uses object orientation and the highly stand-
ardized class diagram in order to represent navigational aspects
by means of what is known as navigational classes. This idea
has produced very good results and seems very to work very
well. However, in spite of all this, OOHDM does have some
drawbacks. OOHDM has omitted one essential aspect from its
environment which is the handling of the system’s functionali-
ty. What can be done in the system, and at what moment in the
navigation or the interface it can be done, are things which are
not dealt with and are left as a part of implementation. Further-
more, OOHDM does not offer any mechanism to work with
multiple actors. For example, let us imagine that the interface
and the application navigation vary substantially depending on
who is connected to the application. The navigational diagram,
the navigational contexts and the ADVs could all be too com-
plex to represent this variability. Another OODHM proposal
which does not appear to be suitable concerns navigational
contexts. The degree of complexity that they could reach in
large systems may make their use unviable.

To sum up, OOHDM has a series of characteristics which are
very interesting for developers looking for a methodology to
take navigation and interface into account. There are many
examples developed using OOHDM which help show the
viability of these ideas. However, the use of this proposal has
to be limited to simple web or multimedia applications, with
minimal functional complexity.
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3. 6 WSDM– Web Site Design Method
The WSDM is a proposal in which the system is defined on

the basis of user groups. It was proposed by De Troyer and
Leune in 1997 [De Troyer/Leune 97] and it has four phases:
user modelling, in which the users that are going to interact
with the system are studied and defined; conceptual design,
where the conceptual model is studied and the system’s naviga-
tional model is designed by means of a class diagram; imple-
mentation design, where the interface and the user environment
are designed; and, finally, implementation, where the designed
system is coded.

WSDM authors divide the web sites into two groups: web
kiosk and web applications [Izakowitz et al. 95]. The former
offer users a specific piece of information and let them navigate
towards it. Web applications comprise those interactive infor-
mation systems whose user interface is a set of web pages.
Having made this division, WSDM’s authors specify that their
proposal is oriented towards the former (web kiosk), and so is
not suitable for web applications.

In principle WSDM’s proposal may be quite interesting in
the sense that it offers a new perspective on the handling of
users. It is a methodology which is completely oriented
towards designing the application based on user groups from
the outset. However, it makes no mention of aspects that may
be important with this approach. For example, the same infor-
mation could be presented to two users in two different ways.
In many cases, it may be difficult for the programmer to detect
that it is the same information. Furthermore, as the authors
themselves point out, it can only be used to develop web
kiosks, that is, applications that show information. This propos-
al does not deal with aspects such as functionality, security, etc.
which are necessary in web applications. It only focuses on
how to present the information to the user.

3. 7 OO-Method and OO-HMethod 
OO-Method [Pastoret al. 97] is an object oriented method

developed by the Polytechnic University of Valencia which
combines the use of a formal specification language (OASIS
[Pastor et al. 92]) with a graphical notation taken from the most
commonly used standards. This approach makes use of the pos-
itive properties of formal specification languages with the
experience accumulated in methods commonly used in indus-
trial software production. OO-Method methodology has
evolved as a result of recent work into OO-HMethod [Gómez
et al. 01]. This is simply an extension of OO-Method in which
a new model is added to represent user interoperability in web
systems.

The basic principles of OO-Method are that it supports
notions of object oriented conceptual modelling, and permits
the use of the concepts of object oriented and formal specifica-
tion languages. Thus, it designs the system by means of three
models: object model, dynamic model and functional model.
OO-Method also has an advanced automatic prototyping envi-
ronment which includes both automatic generation of a formal,
object oriented specification in OASIS, and a prototyping envi-
ronment functionally equivalent to the conceptual model, plus

complete code generation in imperative environments such as
Visual C++ or Delphi.

However, OO-Method does not cover tasks such as require-
ments definition, and once again it is a methodology oriented
almost entirely to the design and implementation phase.

3. 8 SOHDM– Scenario-based Object-Oriented 
Hypermedia Design Methodology

Another proposal, somewhat more recent than the previous
ones, is proposed by H. Lee, C. Lee and C. Yoo: SOHDM [Lee
et al. 98]. This proposition has six phases: 
• Analysis, in which a requirements gathering is carried out

based on scenarios.
• Object Modelling, where the system is modelled by means

of a class model.
• View design, which studies how the above model objects are

going to be presented.
• Navigational design, where the navigation is designed

following OODHM proposals.
• Implementation design, where the pages are created.
• Construction, where the application is implemented.

SOHDM is quite similar to its predecessors RMM, OOHDM
and EORM. However, there is something which makes this
methodology different from the previous ones, which is that the
development of the system is scenario based. Thus, SOHDM is
so far the only proposal that takes into account such aspects as
requirements gathering based on scenarios. It is quite an inter-
esting proposal since it covers all the development process
phases, while leaving aside implementation and testing.

SOHDM is a relatively new proposal that has not been used
much, though it is being constantly revised [Suh/Lee 01]. It has
the advantage of being a simple process to follow, although
some might criticise the fact that its nomenclature is quite
closed. For example, for the interface development, it defines
how an image or a button is represented within the model,
although nothing is said about how to represent an audio
element, and the designer is not given the option of defining his
own representation.

3. 9 RNA– Relationship Navigational Analysis
RNA was proposed by Bieber, Galnares and Lu in 1998 [Bie-

ber et al. 98]. RNA proposes a sequence of steps for the devel-
opment of web applications, focusing mainly on the analysis
phase. Although this proposal is oriented towards the develop-
ment of applications dealing with legal matters or law, its ideas
can be applied to other environments. However, RNA does not
present any new proposals of models or techniques with which
to carry out the process. Instead RNA offers a sequence of steps
to follow in order to carry out the analysis of web applications,
without saying how these are to be done.

It has been included in our study because it can be interesting
when considering methodologies for application development,
especially in the analysis phase. RNA stresses the importance
that the user study (phase 1), the classic concepts (phase 3) and
navigation (phase 4) all have in web applications. The idea of
considering these three aspects independently and studying
them individually in different phases is both widespread and
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highly suited to the development of these applications. It is also
the only proposal which stresses the importance of studying the
environment and the elements of interest in order to understand
the environment and the full scope of the problem before tack-
ling it.

3. 10 HFPM– Hypermedia Flexible Process Modelling 
Strategy

HFPM was proposed by Luis Olsina in 1998 [Olsina 98]. It
is the only one of all the methodologies proposed in this section
which covers all phases of the development process, from anal-
ysis to the development of documentation and maintenance. It
also separates and lists in detail each of the tasks included in
every phase. However, although the tasks and subtasks to
execute are given, this proposal does not offer new models or
modelling techniques. It is broadly based on OOHDM and on
classic object oriented methodologies (OMT, UML, etc.).

HFPM divides the development process into the thirteen
phases listed below, but, as has already been mentioned, it does
not state the techniques to be applied in each of them, it only
gives the process.
• Requirements modelling, both functional and interface or

navigational.
• Execution of project planning.
• Conceptual modelling following OOHDM guidelines.
• Navigational modelling, following OOHDM guidelines.
• Abstract interface modelling, designing the interface proto-

types.
• Environment and architecture design.
• Design of multimedia aspects.
• Implementation of the system in machine language.
• Verification and validation of the results by means of a test-

ing system.
• Evaluation of the environment where the application is to be

implemented.
• Evaluation of product quality.
• Planning of the maintenance process.
• Documentation of the models, the testing and the user

manual.
In short, FPM integrates the classic object oriented proposals

with OOHDM, reuses the models they present, and offers clear
guidelines to follow in the development process.

3. 11 OO/Pattern Approach
The approach proposed by Thomson, Greer and Cooke in

1998 [Thomson et al. 98], OO/Pattern Approach, is quite simi-
lar to HFPM, since both propose the use of patterns and object
orientation for navigational design and the interface. However,
this proposal, unlike HFPM, does not cover the whole develop-
ment cycle. OO/Pattern Approach is nevertheless interesting
because it is the first proposal which uses the technique of
known use cases [Jacobson 95] to execute the application anal-
ysis phase. 

This methodology divides the life cycle into six phases. In
the first one, design of the use cases, a study of use cases is
carried out which will be the basis for the class diagram to be
produced in the second phase of the life cycle, the conceptual

design. After this comes collaboration design, for which the
use of the collaboration diagram technique proposed by UML
[Booch et al.99] is suggested. After the collaboration design,
the class data dictionary must be produced. In principle no
format is proposed for it, but it is interesting since this is the
only proposal that stresses this need. The fifth phase is naviga-
tional design. The model proposed for this phase is quite simi-
lar to OOHDM’s model, since it uses a class diagram to repre-
sent navigation. Finally, the system implementation must be
executed.

This methodology is quite complex in so far as it makes
reference to the analysis phase, design and implementation.
However it does not make it very clear what documentation
should be presented and there is no reference to the interface.
However, it is important that it establishes the need for produc-
ing a data dictionary for the conceptual model.

We can therefore conclude by saying that OO/Pattern
Approach is a proposal that covers all the system’s life cycle,
which shows that this is necessary. However, it does not deal
with basic aspects such as the interface nor does it say what has
to be done in each of the phases. It only states what objectives
should be reached in each one.

3. 12 The Unified Process
Since the development of computer applications started to be

considered as an engineering process, a number of develop-
ment methodologies have emerged to support the project devel-
opment cycle, the most important of which are MÉTRICA,
MERISE, SSADM and, more recently, OMT [Rumbaugh 91]
or the current Unified Process or RUP [Jacobson et al. 99].
Clearly, in a study of methodologies applicable to the develop-
ment of a WIS, we could not leave out the classic proposals. Of
all the ones to choose from, we have opted to include the
Unified Process in our study as the most widely accepted now-
adays.

Little can be said about RRUP that is not already known.
RUP is a process based on the UML modelling language and
was developed by the same authors of this language. It consists
of a set of activities to be executed in order to carry out the
development of a software product. It proposes a life cycle
divided first into cycles, then into four phases, and finally each
phase is further divided into iterations. Each iteration is com-
posed of five work flows: requirements gathering, analysis,
design, coding and testing. For each iteration RUP proposes the
activities to execute and the products to obtain.

However if what we want to do is to develop a WIS and we
decide to use Unified Process, we will discover the shortcom-
ings this proposal suffers from with regard to representing
aspects such as the user interface, multimedia information
types or navigational complexity within the system. This is due
to the fact that UML and RUP are oriented towards dealing
mainly with functionality and information storage aspects.

In spite of the fact that when we try to apply the Unified Proc-
ess to the design of WIS we will find shortcomings with regard
to expressing some aspects, it is clear that UML’s nomenclature
and life cycle provide a standard that is giving very good
results. In fact, most of the proposals analysed use it.
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3. 13 Building web applications with UML
Having seen the shortcomings shown by RUP and UML with

regard to the modelling of WIS in general, different research
groups have tried to solve the problem by enhancing UML with
new resources to be able to represent aspects required by web
applications. These research groups fall into two different
categories, each following a different trend.

The first one would include researchers who aim to enhance
UML by adding new stereotypes which make it possible to
represent those aspects that are typical of web applications. In
this respect, it is interesting to analyse the proposal presented
by Conallen [Conallen 99a]. UML’s creators admitted that
UML was not a perfect proposal for all kinds of applications,
so alongside it they defined a formal path for the definition of
new concepts that would cover the needs of new systems.
Conallen has made use of this proposal, and seeing the short-
comings shown by UML with regard to designing web applica-
tions, he presented a proposal to extend the graphical language
with new stereotypes intended for the Internet and the Web.

The stereotypes proposed by Conallen use some graphical
representations that he himself makes available to the stake-
holder and which can be included in the tool Rational Rose.
Among these stereotypes are those used to represent client
pages and server pages, frames, calls to remote procedures,
script codes, etc.

However, although these contributions do make it interest-
ing, this proposal is not a methodology. It simply defines these
new stereotypes which can be included in web system repre-
sentations. And while this UML extension offers semantics to
represent such concepts as web pages or links, it does not offer
any guidelines about how to represent information stored in
multiple media, or how to represent navigation or the user
interface. These stereotypes are very close to the implementa-
tion phase and they cover such aspects as whether a script is
written in Java or not. WISs are not only special at lower level
design and implementation phases. Their differences must be
dealt with from the very first phases and this extension does not
provide us with enough tools to do this.

3.14 Specification and modelling of multimedia and 
hypermedia systems

The other trend that emerged when RUP problems for the
new systems were discovered is based on multimedia system
development methodologies, especially OOHDM. They aim to
enhance UML, not by means of stereotypes, but by means of
new models which make it possible to represent multimedia
and navigation. These proposals mainly emerged in Germany,
and they have recently given rise to the process for specification
and modelling of multimedia and hypermedia systems [Mandel
et al. 00]. 

In this process, there are three design sub-phases within the
design flow: conceptual design, navigational design and pres-
entation design. New models and stereotypes which are adapt-
ed to the modelling system requirements are proposed for each
phase. The most important contribution of this proposal is not,
however, these new models, since most of them already appear
in proposals such as OOHDM or Conallen’s. It’s main contri-

bution is that it offers detailed techniques describing how to
obtain these models. However it has to be said that both this
new proposal and Conallen’s add new semantics and a larger
representative power to UML, and come quite near to meeting
the needs of WIS development. 

However, both are too close to design and implementation,
and they omit such important flows as requirements gathering
and analysis, presupposing that WIS can be handled in these
phases in the same way as classical systems. These proposals
do not take into account the need for user participation in the
development process. In WIS the client’s and the users’ opin-
ions regarding the interface are essential if the solution is to
succeed.

3. 15 A UML-Based Methodology for Hypermedia Design
Within the above authors’ research environment, a new paper

has recently appeared which, while based on the previous ones,
comes up with a much more elaborate methodology for the
development of hypermedia applications [Hennicker/Koch 01].

This proposal comes from Rolf Hennicker and Nora Koch
and it deals with hypermedia applications in a broader sense
than normal. When they talk about hypermedia in this paper,
they are talking about applications which deal with multimedia
elements and hyperlinks, as well as major data warehouses, all
in an Internet environment. They are, at the end of the day, what
in this paper have been called Web Information Systems. This
proposal, like the previous one, bases the development of the
application on three aspects:
• The content, represented by means of the conceptual design.
• The navigation structure, represented by means of the navi-

gational design. 
• The presentation model, represented by means of the pres-

entation design.
However, one of the most important aspects this proposal

contributes compared to the ones before is that it adds the
necessity of starting with a previous phase of requirement
definition and gathering. To do this it proposes the use cases
technique, although it does not say how to get these use cases
to capture the concepts needed to define the navigation or the
interface. This is precisely one of the aspects that is open to
criticism. For the simple reason that it is based on previous
proposals, we find the same faults regarding the complexity of
its models and the fact that it does not take the user into account
in the interface development phase.

Finally, we should point out that this proposal is totally
process oriented. It never indicates what has to be presented to
the user or what the final results of the work are. It only tells
you the models to obtain.

3. 16 Other proposals studied
New trends and new proposals are currently emerging in the

multimedia and web environment. However, it would be some-
what unviable to cover all of them in this article. In previous
sections we have analysed the most relevant of all the propos-
als. But we cannot conclude this section without mentioning
other emerging trends that are becoming widely known. The
fact that they have not been studied in debt is due to the fact that
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either they do not add any new ideas to the previous proposals
or that there is not much published about them.

WebML (Web Modelling Language) [Ceri et al. 01]. is in this
situation. This proposal comes from Stefano Ceri, Piero Frater-
nali and Aldo Bongio from Milan. It is interesting because it
has a tool that makes it possible to implement everything that
is developed under XML.

Another important piece of work, known as the Araneus
project, has been produced by Paolo Atzeni and Paolo Merialdo
from the University of Rome and by Giansalvatore Mecca from
the University of Basilicata [Mecca et al. 99]. Araneus is a
specific data model to define application schemas with hyper-
texts. It is oriented towards the database world and the E/R
model.

Another interesting proposal is OSM. This is the brainchild
of Liddle, Embley and Woodfield [Liddle et al. 01a]. OSM is
not a methodological proposal per se. It is an object oriented
model that aims to be solid enough to support all the life cycle
phases of a software development project (specification, analy-
sis, design, implementation and evolution). It consists of three
submodels:
• Object model and relationships between them
• Behaviour model
• Presentation model

OSM’s structural components are the objects and the rela-
tionships between them. The objects relate with one another
through two abstractions: generalization/specialization and
aggregation. An object has a unique identity and is active. It can
also perform concurrently with other objects. For their part the
relationships group together in relationship sets and they can be
treated as objects by giving them all the properties that an
object could be given. In OSM, behaviour is represented by
using a state diagram. Each object has an associated set of sets.
To change state events that bring about the transition from one
state to another must take place. Finally, the relationship with
the exterior is by means of interaction objects. An object can
synchronize and communicate with other objects through inter-
action. In [Liddle et al. 01b], an example of a system modelling
using OSM can be found. It actually takes ideas from several
models (class model, state diagrams, etc.), and it puts forward
new ways to represent structure, behaviour and system interop-
erability.

But the most important thing about OSM is that it can be
translated directly into a formal language, OSM-Logic, which
consists of formulae used to represent those systems. One
important benefit of this formalization is that an executable
model can be defined from an OSM model using formal and
logical reasoning. OSM’s authors also present a tool which
allow us to obtain an executable model.

A comparative study
Now we have presented the surveyed methodologies, in

this section we are going to make a series of comparisons
between them. These comparisons will be useful to analyse the
degree of suitability of these methodologies for developing a
WIS. Considering the classic phases of the every development

process: specification, analysis, design, coding, testing and
maintenance, the first appraisal we made of the surveyed meth-
odologies shows which of these generic phases are dealt with
in each proposal.

4.1 Requirement specification
Starting with requirement specification, we reach the conclu-

sion that this is a phase that few proposals handle, only HFPM,
SOHDM and Unified Process talk about it. Other proposals like
OOHDM or EORM assume that methodological proposals like
OMT would be suitable for requirements gathering. Among the
techniques available for carrying out requirements gathering,
basically only two are mentioned: use cases diagrams and
scenarios. Both of them cover the system’s functional require-
ments adequately, but they do not make it possible to specify
what the user wants to see or how he wants see it. As has
already been mentioned, in WIS, communication with the user
is vital in order to get a good result, and the use cases and
scenarios techniques are not enough. So, this study leads us to
the conclusion that what is needed is a proposal to carry out
requirements gathering that offers the possibility of having a
fluent communication with the user in order to identify the
system’s requirements and objectives correctly

When considering the issues of communication and the study
of the environment where the system is going to be set up, the
proposals made by RNA seem worth looking at. We should
recall that this methodology did not offer enough design mech-
anisms for the whole process development, and was oriented
exclusively oriented to the specification and analysis of legal
applications on the Web, though it did orient project develop-
ment toward the user. Its ideas about studying the work envi-
ronment and system requirements could be appropriate in a
proposal for the development of WIS.

4.2 Analysis
Moving on to the analysis phase, this is included in a number

of proposals which cover the need to approach this phase in a
more specific manner. In this phase all the aspects critical to
WIS must be analysed and modelled. Of the proposals studied,
RNA and WSDM focus the analysis on the study of user
groups, while the others focus on producing a class model at a
high level to represent the system’s conceptual model. Both
ideas are valid, but neither is enough by itself. WISs can vary
substantially, especially in their interface and work possibili-
ties, depending on the user who is working with it at any given
moment. They also tend to be systems with very complex inter-
nal information storage requirements. Therefore, this complex-
ity has to be studied and represented in the first phases of the
life cycle, and it would appear that the class model is a suitable
technique for this. Thus, in a WIS analysis, both the conceptual
model and the system variability regarding users have to be
studied. But the study of functionality or the interface, of navi-
gation or multimedia cannot be forgotten either. Consequently,
a proposal capable of analysing all these aspects must be
produced.

4
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4.3 Design
The design phase is the most developed phase in all the meth-

odologies studied. All of them, with the exception of RMM and
HDM, adopt the object oriented paradigm since it is better suit-
ed to these systems’ characteristics. Another idea adopted by
most proposals is the need, in the design phase, to differentiate
conceptual representation from the interface and navigational
aspects.

Moving on to the conceptual design, most proposals use a
class diagram to represent the system’s basic storage needs, a
technique which has given very good results in all of them, and
which is readily adoptable because of how standardized it is.

With regard to the navigational design, two separate parts
have to be differentiated. On the one hand, most proposals
adopt the original idea of OOHDM and EORM of representing
the navigation through a class diagram. However, when this
navigation varies depending on the context in which we are
working, each of these contexts has to be differentiated. There
are multiple ways in which these contexts can be represented:
OOHDM navigational contexts, Conallen’s and Koch’s pro-
posals, etc. However, all of them are very complex in systems
with complex navigation. Thus alternatives ways of representa-
tion need to be found.

Regarding the interface, almost all the proposals stress the
use of techniques which represent the interface in an abstract
way, and they consider it necessary to represent both the screen
structure and its dynamism. But most of these models do not
appear to be suitable. Some of them, such as the ones proposed
by Conallen and Koch, are to close to the implementation, and
in many cases, especially when the applications are complex, it
is easier to present the designed screen than the model. Other
proposals like ADVs from OOHDM are too ambiguous, and
the level of abstraction to be reached is not clearly indicated.

Thus, the representation must be standardized and some guide-
lines must be set for the designer to follow in order to obtain
prototypes.

Another thing that none of the proposals do is to consider it
necessary to study the system’s architecture or its modular
division. This is due to the fact that multimedia and web appli-
cations, which most of these proposals are concerned with, are
simple and this study is not considered necessary. In WIS these
activities must be considered essential in the design. It would
also seem to be a good idea to use design patterns, which are so
widely used these days. Only MacWeb makes any mention of

Methodology Spec. Analysis Design Codif. Tests Mainten.

HDM X

RMM X X

EORM X X

MacWeb X X X

OOHDM X X

WSDM X X X

OO-Method X X X X

SOHDM X X X X X

RNA X X

HFPM X X X X X X

OO/Pattern X X X X

RUP X X X X X

Building Web … X

Specif. & 
modeling...

X

A UML-Based … X X

Table 2: Phases considered in each proposal

HDM RMM EORM MacWeb OOHDM WSDM

ERD X X

Class diagram X X X X

Navigational 
classes: nodes, 
links.

X X X

Secnaries

GUI Techniques X X X X X

Pattern design X

Use cases

Other models and 
techniques

X X

OO-Method SOHDM RNA HFPM OO/Pattens

ERD

Class diagram X X X X

Navigational 
classes: nodes, 
links.

X X X X

Secnaries X

GUI Techniques X X X

Pattern design X X

Use cases X

Other models and 
techniques

X

RUP Building 
web …

Specification  & 
modelling...

A UML-
Based ...

ERD

Class diagram X X X

Navigational classes: 
nodes, links.

X X X

Secnaries X X

GUI Techniques X X X X

Pattern design X X

Use cases X X

Other models and 
techniques

X X

Table 3: Techniques and models used in the proposals
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this technique. Using these patterns can enable reusing and lead
to a less costly system maintenance.

4.4 Implementation
With regard to the implementation phase, few proposals do

not mention it. But, practically none of those that do propose
implementation techniques. Perhaps Conallen’s and Koch’s
proposals come closest to this, since their models are so close
to implementation that it is easy to obtain the code. The OO-
HMethod proposal is also interesting and so is the tool which
generates the code it provides to work with.

4.5 Testing and maintenance
The testing and maintenance phases are mentioned in some

of the proposals, but none of them offers techniques or methods
to apply when executing these phases.

By way of summary, table 2 presents all the proposals
surveyed, analysing which phases they stress and in which
phases they provide new proposals.

Table 3 also summarises the proposed techniques, and shows
which methodologies apply each one.

It can be seen that in the earlier proposals, the tendency was
to take ERD as a basis, but this trend has evolved towards the
object oriented paradigm. It can be observed that in later pro-
posals the use of requirements gathering techniques and the use
of scenarios or use cases has gradually become more popular.
The reason for this is that, as these techniques have evolved
towards more complex systems, the need for a requirements
definition mechanism has also increased.

It can also be seen that there are a number of models that
propose their own techniques and models, although if we

analyse the all the proposals which have been presented in the
previous section, we will see that they are all quite similar. 

Finally, perhaps we should highlight some important aspects
that seem suitable for WIS development. These aspects can be
summarised as follows:
a. A proposal for WIS should offer mechanisms to handle

application variability depending on the actor that uses it. In
the first column of table 4, it can be seen that only WSDM
deals with this aspect.

b. To ensure reusability and to facilitate maintenance in WIS it
is advisable to separate the basic design or conceptual
design from the navigational design. As is shown in table 4,
this is a very widely adopted idea.

c. For the same reason as in point b, it is also advisable to sep-
arate the navigation from the interface. In the third column
of table 4, it can be seen that not all the proposals offer this
possibility.

d. Also a proposal for WIS must offer mechanisms to deal
adequately with multimedia. As is shown in table 4, only the
multimedia methodologies deal with this aspect.

To summarise the conclusions of this comparative study, it
may be said that:
• A great majority of the proposals use object oriented model-

ling techniques.
• A great majority of the proposals focus mainly on design,

and most assume the analysis has already been carried out or
propose use cases or scenarios to do it.

• A very large number of proposals consider it necessary to
separate the navigation and the interface design from the
design per se.

• None of them provides a reference framework to work with
WIS, since they do not completely cover all the aspects
typical of this type of system.

Conclusions
After the conclusions obtained from the comparative

study in section four, little else can be added except that having
studied the different possibilities that software engineering
offers the designer to build a WIS, we can conclude by saying
that no methodology offers a wholly suitable framework for the
development of WIS. A methodology for WIS should cover all
phases of the life cycle, indicating the activities to follow in
each of them, the techniques to apply, and the products result-
ing from them. But it must also allow us to give an adequate
treatment to the classical aspects of management systems, such
as storage and functionality requirements, as well as the new
characteristics that WIS inherit from multimedia: navigation,
the importance of the interface and multimedia. As we have
seen in section four, none of the current methodologies offers
all this.

Another aspect detected on studying these methodologies is
the need to harmonise definitions. The authors mentioned in
our article work with the same terms: navigation, abstract inter-
face, etc. But what they mean by with these terms is not always
the same.

By way of summarising section 4, we can also say that, in
their work, all the authors stress the need for a standard and a

5Methodology Multiple 
users

Separation
Conceptual-
Navigation

Separation 
Navigation-
Interface

Multimedia

HDM X X

RMM X X

EORM X X

MacWeb X X

OOHDM X X X

WSDM X X

OO-Method X X

SOHDM X X X

RNA X

HFPM X X

OO/Pattern X

RUP X

Building Web … X

Specific. & 
modeling …

X X

A UML-Based … X X

Table 4: Abstract about treated aspects
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great deal of them agree on many of the ideas which seem to
have been adopted by most of the research groups in this envi-
ronment: the idea of separating the conceptual from the naviga-
tional and the interface, the complexity of communication with
the user, etc.

Finally, we should point out that, although these authors
work independently in their proposals, in recent years they
have been making an effort to standardize criteria and to
achieve that standard. Thus, workshops such as I’WEST
[I’WEST 20001] or investigation projects such as Hyper-UML
[Mandel et al. 00], have emerged and are moving towards this
objective.

In conclusion, in this paper we have made a survey of all the
methodological proposals which are currently enjoying most
popularity in the software engineering world, and which are
being applied to the development of WIS. And we have provid-
ed a comparative study of them in order to see which tools are
currently available to the designer and which aspects have yet
to be covered.
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