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Web Information Systems has become an important area of  research and practice, 
with the continued growth and use of  the world wide web (web) and Internet 
technology. The use of  the Internet and the web is now common in government, 
industry, health, commerce and education. The increasing rate of  internet/web usage 
calls for efficiency and effectiveness in the development and deployment of  web 
systems to provide high quality systems in the shortest time possible. One approach to 
this has been the web design frameworks proposed by Schwabe, Rossi, and colleagues 
over the last decade. This paper looks at what is entailed in the concept of  web design 
frameworks, and considers their importance as a formal method of  web application 
development.

Introduction
According to Schwabe and colleagues (Schwabe et al, 2001a), building web applications 
such as e-commerce is a time consuming task. It calls for careful design of  the 
navigational architecture and user interface to make the applications usable. It also 
requires the designer to understand the user tasks while navigating the hyperspace to 
decide which navigation facilities to include, for example whether to consider defining 
indexes, guided tours, or landmarks according to the user needs. The designer has 
to bear in mind that the interface should help the user browse through the sea of  
web information by giving him cues and feedback on actions and by presenting the 
information in a clear and meaningful way.

Schwabe and colleagues noted that another cause of  complexity with web 
applications is that web applications include complex behaviors. In addition to the 
primary functions, for example buying or selling for e-commerce applications, web 
applications are also integrated with the company’s internal business; often providing 
different views of  corporate databases, and acting as integrators of  other applications.

Another important dimension of  web applications in comparison to conventional 
software is the need to reduce deployment and delivery times. Applications in the Web 
must be built quickly and, ideally with zero defects. Designers must improve not only 
development but also debugging and testing times. In addition, building applications in 
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the web involves using many different technologies. 
Building reusable code and design structures has been recommended as a means to 

improve the process of  building these applications (Schwabe et al, 2001a; Kong et al, 
2005;Mittal et al, 2004). This paper reviews the concept of  web design frameworks and 
emphasizes their importance as a formal method of  web application development.

In this paper, a web application:-- is considered to be a structured set of  software 
objects that may be navigated and processed in order to achieve one or more tasks 
(Wikipedia online encyclopedia).

A web application framework:-- is a generic definition of  the possible web application 
objects, together with a generic definition of  the application’s navigational and 
processing architecture. A web application framework must define the set of  possible 
objects to be navigated, how they can be structured in their navigational architecture 
and how they may behave (Schwabe et al, 2001b). In contrast, a web design framework:
-- is the generic design of  possible web application architectures, including conceptual, 
navigational and interface aspects, in a given domain. Web design frameworks must be 
environment and language independent. The generic designs are aimed at design reuse 
in web applications. A web design framework contains a reusable application model in a 
particular domain that can later be instantiated into specific applications in that domain 
(Schwabe et al, 2001a).

The difference between web application frameworks and web design frameworks is 
that the former deals with generic definition of  objects in a particular domain where-
as the latter deals with the generic design of  the possible web architectures. Although 
both web application frameworks and web design frameworks must be integrated, the 
latter can be specified independently of  the former (Schwabe et al, 2001a). Web design 
frameworks are environment and language independent where-as web application 
frameworks are programmed in a specific language. 

The remainder of  this paper is organized into three sections, which respectively 
motivate the need for web design frameworks, describe their main elements, and 
suggest future research.

Why Web Design Frameworks are needed
According to Schwabe and his colleagues (Schwabe et al, 2001b; see also Kong et al, 
2005), building web applications is a complex and time-consuming process compared to 
conventional applications. Hence web practitioners still face considerable challenges as 
described in section 1. In addition, in web application development, the most important 
kind of  reuse--that is design reuse, has been largely unexplored perhaps due to the 
non-object oriented nature of  the web (Schwabe et al, 2001a). Although to-date object 
oriented technology has grown in use and popularity in software development, object 
orientation alone is still inadequate for developing applications for the web (ibid). Web 
applications require both an object (conceptual) model to specify usual behavior and a 
navigational model in which to define navigational components such as nodes, contexts, 
links and paths (Schwabe et al, 1998; Rossi et al, 1999). However, current object oriented 
approaches do not provide primitives for navigation design. Yet for web applications 



180 Advances in Systems Modelling and ICT Applications Part 3: Computer Networks and Applications     181 

to be successful, the navigational structure must be carefully defined (Schwabe, 2001a).  
The concern with web application design is not only in the behavior of  domain classes 
but also the ways the user will navigate through them. 

To help manage the web’s complexity, Schwabe et al (2001b) recommended use of  
web design frameworks as a novel concept to among other things, push design reuse in 
web applications. The major strength of  web design frameworks is the ability to specify 
generic conceptual and navigational structures independent of  each other. 

Web design frameworks focus on reuse, combining the reuse of  both design 
and code for efficient implementation of  new applications. Web design frameworks 
decouple decisions at the object level from decisions at the navigation and interface 
level (Rossi, Shwabe and Garrido, 1998). Schwabe et al (2001b) refer to this behavior 
as separation of  essential modeling concerns- that is, of  application behaviour, 
navigational modeling and interface design. Separation of  essential modeling concerns 
provides a sound ground for web software evolution and a basis for maximizing design 
and implementation reuse. In addition, classifying concerns as conceptual, navigational 
and interface models gives a rationale for design reuse. (Schwabe et al, 2001b). 

Web design frameworks are a way to maximize reuse in the development process 
of  web applications since a certain degree of  commonality has been observed among 
navigational and interface solutions in similar application domains (Mittal et al, 2004; 
Schwabe et al, 2001a). For example, the activities triggered when users order an item 
online are usually similar regardless of  site. Also the way users navigate to locate and 
purchase items online is also usually similar.  According to Mitall et al (2004), about 85% 
of  government operations are similar across different government solutions. Hence 
it saves development effort and cost to develop these processes once and then reuse 
them for many solutions. In addition, code and design reuse ensures consistency across 
solutions in the same domain. 

Reuse in the development of  web applications using web design frameworks can 
be achieved through reuse of  interface templates in the form of  HTML or XML 
descriptions; or reuse of  information, accessing shared databases and components that 
exhibit some non-trivial behavior such as a code for implementing shopping baskets 
even though the supporting technology may not support reuse like HTML and XML; 
or the code may not be found in a single component.

 Web design frameworks provide a bridge between software framework technology 
and web technology. They enable object relationships and behavior modeling in a 
specific domain and also allow specification of  navigational architectures using non-
object oriented tools. Web design frameworks help to specify the abstract architecture 
of  a family of  web applications. The framework specification includes both the common 
aspects of  applications in the domain and the “hot spots” where the specifications of  a 
particular application are accommodated (Schwabe et al, 2001a).

Components of  a Web Design Framework
Separation of  concerns provides a basis for characterizing a web design framework’s 
components (Schwabe et al, 2001b). A web design framework combines a generic 
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conceptual schema and generic navigational and context schemas to give a generic 
platform from which the underlying application model can be developed by adding or 
refining profiles or tasks and or defining different navigational topologies for specific 
user needs. In a web application, the user navigates over navigation objects that are 
views of  conceptual objects. These views are defined opportunistically, according to 
particular user profiles and tasks. In addition, navigation objects must be organized into 
useful structured sets, called contexts. The structure of  these sets defines the intra-set 
navigational architecture, whereas the set of  conceptual relations, which are mapped 
onto navigation links, defines the inter-set navigational architecture. Then, interface 
objects map to navigational objects providing a perceptible appearance to the end 
user.

According to Schwabe et al (2001b), a web design framework is comprised of  two 
main generic models, namely a conceptual model and a navigational model. The two 
models are mapped together by a view mechanism. The navigational model itself  has 
two sub models, namely a generic navigational schema and a generic navigational 
context schema. Each model has points of  flexibility (hot spots) whose purpose is to 
permit customization for design reuse. The structures of  these components and their 
relationship is illustrated in figure 1 presented below:

Figure:-1 Components of  a web design framework, adopted from Schwabe, 
Esmeraldo, Rossi and Lyardet  (2001).

 

Generic Conceptual Model:
This component models what characterizes the application domain. It defines the 
abstract classes, possibly some concrete classes, and the relationships that make up 
the domain of  application. The generic conceptual model reflects which objects the 
application deals with, their relationships and behaviours  (Schwabe et al, 2001b). 

Reuse in the conceptual model can be achieved through generic designs-- that is 
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the hot spots that are specified with object-oriented techniques. Hot spots are generic 
framework components that are customizable by replacing either class or subclass 
definitions or by code writing for a particular case.  For example, for an online shop, the 
conceptual model can be extended by defining subclasses such as sub classing products 
into domestic, industrial or scholastic products. Designing for reuse at the conceptual 
model uses well-known object oriented techniques, an already well-established software 
design methodology. Therefore, more emphasis should be put on designing reusable 
navigational models according to Schwabe and colleagues (2001b).

Generic Navigational Model
The navigational architecture distinguishes web applications from conventional 
applications.  The generic navigational model defines the navigational structure of  a 
web application and how users will traverse the hyperspace via navigational objects such 
as nodes, links, indices and guided tours defined according to the intended user’s profiles 
and tasks. In object oriented hypermedia design method (OOHDM), an approach for 
developing web design frameworks, an application is seen as a navigational view over 
the conceptual model.  Nodes in OOHDM represent logical “windows” (or views) on 
conceptual classes defined during domain analysis. Different navigational models may 
be built for the same conceptual schema to express different views on the same domain. 
Links are derived from conceptual relationships defined in the requirements gathering 
stage.  Therefore, node attributes are defined as object-oriented views of  conceptual 
classes, allowing a node to be defined by providing access to attributes of  different 
related classes in the conceptual schema. For example the orders class in an online 
shopping navigation schema imports the attributes product identification (unique 
identification of  each product in the shop, payment mode (how the customer prefers to 
settle the payment), delivery mode (how the customer prefers the product delivered to 
her) and delivery date (when the customer wants the product).

Reuse in the navigational model can be achieved in different ways:
• By building completely new applications from the same conceptual model 

such as defining a new user profile.  The application could be built to permit 
a shopkeeper to add new customer categories previously unknown to the 
system.

• By defining a generic navigational schema, which allows adding new nodes, 
links or classes and refining the definition of  attributes. For example a 
product’s navigation options could be made in such a way that it allows 
further parameterization. In addition to textual and image descriptions, the 
shop owner could be allowed to add more navigation alternatives like audio 
clips.

• By achieving a generic navigational context schema- that is, defining abstract 
access structures and navigational contexts, For example alternatives 
could be established for grouping products into navigation contexts by 
manufacturer, manufacture date and country of  origin.
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Abstract Interface Design Model: It is important to recognize that there is a difference 
between navigation operations and interface operations. Not everything that happens 
in the interface is navigation related. Navigational design deals with internal functioning 
of  the application while interface design deals with perceptible objects users interact 
with. Furthermore, interfaces need to be designed at an abstract level, to achieve 
independence of  implementation environment. A given user profile might have 
different interface definitions according to a particular interface device to be used for 
example an internet browser or mobile phone. This brings in the abstract interface 
design model as the third vital component of  web design frameworks in addition to 
the conceptual model and navigational model.  The abstract interface design model 
specifies which interface objects the user will perceive. Interface behavior is declared by 
specifying how to handle external and user-generated events and how communication 
takes place between interface and navigational objects.  OOHMDM uses a formal model 
of  interface objects that considers the interface as a set of  observers of  navigational 
objects.  User interface design is a critical activity in interactive applications, including 
web applications (Schwabe and Rossi, 1998). The abstract interface specification caters 
for the way different navigational objects look which interface objects will activate 
navigation, the way in which multimedia interface objects will be synchronized, and 
which interface transformations will take place. 

Web Application design frameworks can also be built by systematically applying 
design patterns. According to Schwabe et al (2001b), design patterns capture known 
good solutions to recurring design problems. They represent design knowledge 
gathered from the solutions given by experienced designers that have encountered 
these same problems before possibly with slight variations. Applying design patterns 
is a form of  design reuse. Rossi et al (1999) introduced navigational patterns as a way 
to record, convey and reuse design experience for example set based navigation, which 
recommends organizing objects into meaningful sets to help designers support tasks 
such as selecting items of  interest in an electronic store. Schwabe et al (2001a) gave 
design patterns as the state of  the art solution for collecting design experience such that 
design structures can be reused in different applications and contexts. 

Conclusion
It is a common knowledge in the design community that designs rarely start from 
scratch but rather from already existing structures that are somewhat similar to what 
is needed. There is a need to find approaches to maximize reuse in the development 
process of  web applications, since a certain degree of  commonality has been observed 
among conceptual, navigational and interface solutions in application domains such 
as e-commerce, e-governance. Unlike in conventional applications, a web application’s 
navigational topology to a great extent determines an application’s success.  Web 
development processes must capture and represent effectively such aspects for 
families of  applications in each domain. Web design frameworks allow this practice to 
become a systematic documented activity that is independent of  the implementation 
environment. The systematic reuse of  behavioral, navigational and interface design 
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structures as described by web design frameworks is a key approach for maximizing 
reuse in web application development. 

This paper has reviewed recent work in the field of  web design frameworks in order 
to raise awareness of  these frameworks and their importance to building more efficient 
and effective web applications.

Future work could investigate the potential of  encapsulating solutions to web design 
problem domains into web design frameworks. These solutions could be generic designs 
for reuse across domains, such as a web design framework for e-commerce solutions, 
or they could address specific problems in the domain, such as security in e-commerce 
with a web design framework for secure e-commerce.
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