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Abstract. End-users who are nonprogrammers create web applications by using 
advanced web development tools. However, these tools are not supported by any 
methodological process which produces that web applications are of low quality. 
This paper presents an approach to bring web engineering principles to the end-
user community. We complement the web engineering method OOWS with tools 
that allow end-users to develop web applications by: (1) describing web 
applications in terms of the end-users’ knowledge about the application domain, 
(2) automatically obtaining a web application prototype by means of the OOWS 
code generation strategy, and (3) personalizing the web application look and feel 
by simply selecting a design template. To achieve this, an ontology-based strategy 
is introduced to support end-users throughout the web application development. 
We also introduce a strategy that allows us to define domain-independent 
presentation templates. 

1   Introduction 

Many advanced web-development tools are continuously being put on sale in the 
software marketplace. In this context, the creation of web applications has ceased to 
be an activity for web professionals only. End-users who are nonprogrammers are 
becoming web developers and are creating web applications. End-user tools [3] allow 
users with little or no programming knowledge to create web applications by means 
of mechanisms that facilitate the creation of common web page components (at the 
design level). However, there is no methodological process behind these tools, and end-
users do not have the necessary training and experience to develop web applications. 
Therefore, their web applications are of low quality. W. Harrison refers to this problem 
as “The Danger of End-User Programming” [4]. In addition, end-users do not have the 
ability to identify correct and complete web application requirements, which generates 
web applications that do not always support real end-user needs. All these problems are 
caused, in part, because the web engineering community [1] does not properly consider 
end-user development (although authors such as G. Fisher consider it the future of 
software development [5]). We believe that the web engineering foundations can be 
brought to the end-user community with an appropriate method and the right tools, 
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preserving the intrinsic complexity of a web application development process, but 
making it possible for end-users to participate adequately in such a process. 

In this work, we present an approach to give support to the end-user development from 
a web engineering perspective. This approach allows end-users with no programming 
knowledge and with no web design expertise to develop small and medium-size web 
applications according to web engineering principles. We define a development process 
for end-users based on the web engineering method OOWS [6] [7]. This method is 
based on the principles defined by the Model-Driven Development (MDD) [8] and 
allows us to automatically obtain fully operative web application prototypes from a 
requirements specification. We complement the OOWS method with tools that allow 
end-users to develop web applications by: (1) describing web applications in terms of 
the end-users’ knowledge about the application domain, (2) automatically obtaining 
an OOWS requirements specification from their description and then generating a 
web application prototype and (3) personalizing the web application look and feel by 
simply selecting the most suitable design template from a list of predefined ones. To 
achieve this, an ontology-based strategy is introduced to give support to end-users 
throughout the task of developing web applications. We also introduce a strategy that 
allows us to define domain-independent presentation templates. 

Thus, the contributions of this work are: 

(1) We properly introduce end-users in a web engineering development process. 
This provides them with the benefits of the development that is based on 
engineering principles. 

(2) We provide support for developing web applications to those end-users that are 
experts at a web application domain but have neither programming knowledge 
nor web design expertise. 

(3) We also provide end-users with a method for automatic prototyping (based on 
the OOWS code generation strategy) that allows them to achieve tasks of testing 
(over the prototype obtained by the OOWS method). 

The rest of the paper is organized as follows: Section 2 presents the related work in 
web engineering and end-user development. Section 3 introduces an end-user 
development method based on OOWS. Sections 4, 5 and 6 introduce the tools that 
give support to this method as well as the OOWS code generation strategy. Finally, 
conclusions and further work are comment on in Section 6. 

2   Related Work 

Two different research areas that are focused on web application development are 
studied. On the one hand, the web engineering community has proposed many 
different semi-formal approaches (see e.g. OOHDM [10], WSDM [12], WebML [14]) 
and others based on more formal foundations (see e.g. Schewe et al. [15]) to provide 
methodological solutions for web application development. These approaches provide 
analysts with different models to define web applications at a high level of abstraction. 
Most of these approaches have implemented tools to support their methods. The 
problem of web engineering approaches is that they provide several abstractions that 
are difficult for non-professional web developers to understand. 
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On the other hand, several commercial tools such us Microsoft Frontpage [16] 
Macromedia Dreamweaver [17] or CodeCharge [18] have been developed to allow 
end-users to design web applications. Most of these end-user tools present problems 
when a novice wants to use them. For instance, simple tasks such as implementing the 
look and feel of the web application become difficult when they have to use HTML-
flow-based positioning instead of the more intuitive pixel-based positioning. In 
addition, none of these tools addresses the entire process of web application 
development since they mainly focus on graphical design tasks. In order to solve 
these problems, several approaches that define end-user development as a new 
research topic have emerged. Tools such us WebFormulate [19], FAR [20], 
WebSheets [21] or Click [22] provide end-users with mechanisms that facilitate the 
task of creating a web application. These mechanisms are mainly based on drag and 
drop techniques as well as spreadsheet concepts or rule-based programming. 
However, although these tools make the creation of web applications easier, they still 
require experienced end-users.  

3   An End-User Development Method Based on OOWS 

We propose an end-user development process based on OOWS, a web engineering 
method. The OOWS development process is based on the principles defined by MDD 
and allows us to automatically obtain fully operative web application prototypes from 
the requirements specification (See [6] and [7] for detailed information).  

 

Fig. 1. The end-user development process based on OOWS 

The OOWS development process is automatically achieved, and we think that it 
can be fully transparent to end-users if we provide them with the right tools. Thus, in 
this work we complement OOWS with the following end-user tools (see Figure 1):  

− End-user requirements elicitation: This tool queries end-users by means of a guided 
process to systematically obtain what they want and specify it (transparently) as an 
OOWS requirements specification. Next, a web application prototype is automatically 
obtained from this specification by following the OOWS development process. 

− End-user look and feel design: This tool allows end-users to define the aesthetic 
aspects (such as colours, font size and face, or element positions) of the web 
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application prototype obtained by the OOWS method. To do this the tool allows 
end-users to select the most suitable presentation template (according to their 
preferences) from a set of templates stored in a repository. Next, the selected 
presentation template is applied in the web application prototype to obtain the final 
web application. 

The main benefits of this end-user development process are the following:  

- Programming knowledge and web design experience are not required for end-users. 
The End-user requirements elicitation tool hides the complexity of programming 
software. The look and feel design tool allows end-users to apply pre-designed 
presentation templates. 

- The OOWS automatic code generation strategy avoids what W. Harrison calls “The 
Danger of End-User Programming” [4]: software of low quality is obtained when 
people with little or no experience use the web programming languages that are in 
“fashion” (such as PHP, ASP or Perl). 

- Web applications are implemented according to web engineering principles 
(following the OOWS development process). 

- Proximity to the end-user mental model. End-users develop web applications by 
describing what they want (the requirements of the system) which is closer to the 
user’s own experiences and goals. 

- Clear separation of layout and behaviour. End-users can focus first on what the 
system must do and then on what the application look and feel must be. 

- Easy to extend. If users require a new functionality, they simply need to describe 
the new requirements by means of the requirements elicitation tool. 

4   The End-User Requirements Elicitation Tool 

The End-user requirements elicitation tool targets end-users who want to develop 
small and medium-size web applications and who have neither programming 
knowledge nor web design experience. This tool hides the complexity of defining an 
OOWS requirements specification from end-users by means of the following steps:  

1. Web Application Type Recognition. The requirements elicitation tool requests 
end-users to briefly describe the web application using natural language. Next, 
the tool attempts to recognize the web application type from this description. The 
tool extracts information from the end-user description and matches the 
information against known type ontologies to find the proper ontology.  

A type ontology defines concepts and relationships between concepts that 
describe the main features of web applications of a specific type (such as 
E-commerce applications, web portals, directories, etc). These features represent 
general features that are shared by every web application of the same type (e.g. E-
commerce applications must allow users to purchase products). 

2. Web Application Description. There exists information that is needed to obtain a 
full web application description and cannot be systematically extracted from type 
ontologies. This information is related to domain-dependent features such as the 
kinds of products that must be on sale in an E-commerce application (e.g. CDs, 
DVDs, Books, etc.).  
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3. The tool checks the recognized web application ontology to detect this missing 
information and asks end-users for it by means of questions patterns. A question 
pattern defines an abstract interface to query end-users about domain-dependent 
information. Question patterns are type-independent and can be used with any 
type ontology. The set of applied question patterns defines a wizard that end-
users interact with to describe the web application. 

4. Requirements Specification Generation. First, the tool defines a preliminary 
version of the requirements specification from the features defined in the type 
ontology. Next, this specification is progressively refined from the end-user 
information. To do this, we propose a generation strategy that is based on a set of 
high-level operations defined from the elements of the OOWS requirements 
specification meta-model. 

4.1   Web Application Type Recognition 

The goal of this step is to determine what type of web application must be developed. 
As commented above, we use type ontologies to achieve this goal. These ontologies 
are presented in Section 4.1.1. Section 4.1.2 introduces the strategy to determine 
which ontology matches the end-user’s web application description. 

4.1.1   Type Ontology 
A type ontology specifies the concepts and the relationships between concepts that 
represent a web application of a specific type (E-commerce applications, web portals, 
directories, etc). To determine the different web application types, we have used the 
categorization proposed in [24]. We use the OWL language [2] to define a type 
ontology. Figure 2 shows a partial view of the type ontology for E-commerce 
applications1. This ontology defines concepts such as On-Line Purchase, Shopping 
Cart, or Products (concepts that characterize E-commerce applications).  

To define ontologies of this kind, we use the approach presented by Al-
Muhammed et al [9]. According to this approach, two kinds of concepts can be 
defined, namely lexical concepts (enclosed in dashed rectangles) and nonlexical 
concepts (enclosed in solid rectangles). A concept is lexical if its instances are 
indistinguishable from their representation. Date (see Figure 2) is an example of 
lexical concept because its instances (e.g. “21/05/2005” and “04/09/2004”) represent 
themselves. A concept is nonlexical if its instances are object identifiers, which 
represent real-world objects. User (see Figure 2) is an example of nonlexical concept 
because its instances are identifiers such as “ID1”, which represents a particular 
person in the real world who is a user. The main concept in a type ontology is marked 
with “->•”. We designate the concept On-line Purchase in Figure 2 as the main 
concept because it represents the main purpose of an E-commerce application. 

                                                           
1 In practice, we would need a richer ontology for E-commerce Applications. For instance, 

other kinds of on-line purchases such as second hand purchase must also be defined.  
Relationship restrictions must also be defined (i.e. we must be sure that a user has a shopping 
cart assigned only in the case of a direct purchase). We have limited our ontology to those 
concepts that allow us to introduce a representative example. 
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Fig. 2. Type ontology for E-commerce Applications 

Figure 2 also shows a set of relationships among concepts, represented by 
connecting lines, such as Product has Property. The arrow connection represents a 
one-to-one relationship or a many-to-one relationship (the arrow indicates a 
cardinality of one), and the non-arrow connection represents a many-to-many 
relationship. For instance, Auction offers Item is a many-to-one relationship (i.e. in 
each auction only an item can be offered but an item can be offered in several 
auctions) and Product has Property is a many-to-many relationship (i.e. a product can 
have several properties, and a property can be defined for several products). A small 
circle near the source or the target of a connection represents an optional relationship. 
For instance, it is not obligatory for a category to belong to another category. A 
triangle in Figure 2 defines a generalization/specialization with a generalization 
connected to the apex of the triangle and a specialization connected to its base. For 
instance, Direct Purchase is a specialization of On-Line Purchase. 

Finally, we have extended this notation by introducing abstract concepts. An 
abstract concept is a concept that depends on the domain of the web application and 
must be instantiated by end-users. For instance, Product is an abstract concept 
because we know that every E-commerce application must allow users to purchase 
products; however, we do not know what kind of products they are (they can be CDs, 
Books, software, etc.). This information depends on the E-commerce application 
domain and must be instantiated by end-users. These concepts are marked with a 
vertical line on the right side (see Figure 2, concepts Product, Property and 
Category).  

4.1.2   Recognising Type Ontologies from End-User Descriptions 
In order to describe a web application, as a first step, the requirements elicitation tool 
requests end-users to introduce a brief description (in natural language) of the web 
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application. Figure 3 shows the description of a small E-commerce application like 
Amazon (which is used as a running example in the rest of the paper). 

The tool uses this description to determine which type ontology matches the web 
application that end-users want to develop. To do this, we use a technique based on 
data frames [13]. The data frame approach allows us to describe information about a 
concept by means of its contextual keywords or phrases, which may indicate the 
presence of an instance of the concept. Although the data frame approach proposes 
the specification of other information (such as external and internal representations, 
operations that transform between internal and external representations, etc.) to fully 
describe a concept, it is not necessary for our purpose (to recognise the web 
application type). 

 

Fig. 3. Brief description of a Web application 

We define data frame contextual information for web application types. The tool 
uses this contextual information to recognize the web application type and select the 
proper ontology. For instance, Figure 4 shows the contextual keywords and phrases 
that we associate to E-commerce applications. The tool can determine that end-users 
want to develop an E-commerce application if words such as on-line sale, product, or 
shopping cart appear in the end-user description. 

E-commerce 
... 
context keywords/phrases: on-line purchase | on-line sale | on-line shopping |  

add to cart | purchase order | user can buy | shopping cart |... 
... 
end  
 

Fig. 4. Context information for the E-commerce type recognition 

4.2   Web Application Description 

Once the type ontology has been identified, we know the main features of the web 
application. However, to obtain a full web application description, the tool needs 
information that cannot be systematically extracted from a type ontology. This 
information must be introduced by end-users and is the following: 



 Towards an End-User Development Approach for Web Engineering Methods 535 

− Abstract concepts. As commented above, abstract concepts must be instantiated by 
end-users (e.g. we define that an E-commerce application must allow users to 
purchase products, but we do not define the kind of products). 

− Relationships between abstract concepts. If a relationship connect two abstract 
concepts, end-users must indicate which instances are related (after instantiate both 
abstract concepts).  

− Specialized concepts. Specializations define different kinds of a same concept. For 
example, in the E-commerce ontology (see Figure 2), an E-commerce application 
can provide two kinds of on-line purchases, direct purchases or auctions. The tool 
does not have enough information to decide which option use. End-users must take these 
decisions. 

 

Fig. 5. A question pattern and the HTML interface obtained from it 

To ask end-users for this missing information, the tool checks the selected type 
ontology and looks for abstract concepts, relationships between abstract concepts, and 
specialized concepts. When the tool finds one of these elements, it selects the proper 
question pattern. A question pattern defines an abstract interface to ask end-users for 
the missing information. We have defined question patterns for query end-users about 
abstract concepts, relationships between abstract concepts, and specialized concepts. 
To do this, we use a strategy based on the Abstract Data View (ADV) design 
approach [25]. Figure 5A shows the definition of the question pattern associated to 
specialized concepts. According to this pattern, the tool must provide end-users with a 
list of options (the different specializations) in order to allow them to select one 
(check list). Notice that this pattern attaches an example to each specialization in 
order to help end-users to take the decision. To allow the tool to work with these 
definitions, they are stored in XML documents. 

The tool uses the selected question patterns to automatically implement a wizard 
that end-users interact with to describe the web application. We have developed a 
strategy that allows the tool to automatically obtain HTML-Based wizards from 
question patterns (see Figure 5B). First, the tool reads each question pattern from the 
XML document. Second, the tool instantiates the question patterns to the corresponding 
type ontology concept (question pattern terms that are represented between brackets 
are replaced by ontology concepts). Third, the tool applies an XSL transformation to 
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obtain HTML code. Finally, the tool executes the wizard to allow end-users to 
introduce information. The entire process is completely transparent to end-users.   

Figure 5B shows the HTML interface that allows us to select the on-line sale type 
of the running example. It has been implemented by instantiating the concept On-Line 
Sale into the question pattern associated to specialized concepts (see Figure 5A). To 
fully describe the E-commerce application of the running example, we must answer 
additional questions, such as what products must be on sale, what properties each 
product must have, what kind of identification must be implemented, whether or not 
products must be categorized, etc. 

This wizard allows end-users to introduce features that depend on the specific web 
application domain. This information, together with the features of the application 
type (defined in the type ontology), allows the tool to obtain a full description of the 
web application. This description is defined as a view over the selected type ontology 
where abstract concepts (e.g. Product, see Figure 2) are replaced by their 
instantiations (e.g. CD, see Figure 6) and relationships among abstract concepts are 
replaced by relationships among instantiations (e.g. Product has Property has been 
replaced by CD has Title, see Figures 2 and 6). Moreover, specialized concepts (e.g. 
On-line Purchase, see Figure 2) are replaced by the selected specializations (e.g. 
Direct Purchase, see Figure 6). The specializations that have been rejected 
(e.g. Auction, see Figure 2) are pruned. Their relationships (e.g. Auction has Property 
see Figure 2) and the concepts related to them by means of arrow connections (e.g. 
Item, see Figure 2) are also pruned.  

Figure 6 shows a partial view of the description that we obtain from our running 
example. According to this figure, our E-commerce application allows users to purchase 
CDs and books through a direct purchase. A shopping cart is available, and users must 
identify themselves before proceeding with the payment (checkout identification). 

 

Fig. 6. Final description (partial) of the running example 

4.3   Requirements Specification Generation  

In this section, we introduce the requirements specification generation step. In this step, 
the tool obtains an OOWS requirements specification from an end-user web application 
description. First, we briefly explain the main elements of an OOWS requirements 
specification. Next, we explain the strategy to obtain it from the end-user description. 
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4.3.1   Understanding an OOWS Requirements Specification 
To define an OOWS requirements specification we must create first a task taxonomy 
(see Figure 7, zone 1). The task taxonomy specifies in a hierarchical way the tasks 
that users should achieve when interacting with the web application.  

 

Fig. 7. An OOWS requirements specification 

Once the task taxonomy is defined, each leaf task is described by analyzing the 
interaction that users require from the web application. To do this, a strategy based on 
activity diagrams is proposed (see Figure 7, zone 2). Each activity diagram is defined 
from system actions (nodes depicted by dashed lines) or interaction points (nodes 
depicted by solid lines) that represent the moments during a task where the system 
and the user exchange information.  

Finally, we must specify a set of information templates where the information that 
the system must store is described (see Figure 7, zone 3). We also use these templates 
to describe the information exchanged in each interaction point in detail. See [26] for 
more detailed information about the OOWS requirements specification. 

4.3.2   Obtaining an OOWS Requirements Specification 
To obtain an OOWS require-ments specification we extend our type ontologies by 
augmenting each concept with a generation action. A generation action describes a 
sequence of high-level operations what are based on the elements of the OOWS 
requirements specification meta-model. Taking into account that OOWS requirement 
specifications are stored in XML documents, these operations allow us to create OOWS 
requirements specification by generating the proper XML code. We have defined 
operations such as createTaxonomy, decomposeTask, addIP, createTemplate, etc.  

Generation actions are associated to type ontology concepts in order to give 
support to any web application of a specific type. For instance, the type ontology for 
E-commerce applications presents concepts whose generation action gives support to 
buy products by means of auctions as well as by means of a direct purchase. 
However, final web application descriptions do not present every feature defined in 
the type ontology. For example, the E-commerce application of our running example  
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must only provide support to the direct purchase. Thus, in order to obtain a correct 
OOWS requirement specification not all generation actions of a type ontology must 
be achieved. The tool must decide which generation action is considered from the 
final web application description. Taking into account that web application 
descriptions are defined as views over type ontologies (see Figure 6), the tool follows 
these rules: 

- Generation actions of concepts that have been pruned in the final description are not 
considered. For example, the generation action of the concept Auction (see Figure 
2) is not relevant because this concept has been pruned (see Figure 6). 

- Concepts that replace a specialized concept inherit the generation action of the 
specialized concept and extend it. For instance, the generation action of the concept 
Direct Purchase (see Figure 6) is defined from the high-level operations of the 
concept On-Line Purchase (specialized concept, see Figure 2) plus new ones. 

- Concepts that represent end-user instantiations adapt the abstract concept generation 
action. For example, the generation action of the concept CD (see Figure 6) is 
defined from the same high-level operations as the abstract concept Product (see 
Figure 2); however, it adapts the operations to use the concept CD instead of the 
concept Product. 

Figure 8 shows the generation actions associated to the concepts Direct Purchase, 
Checkout Identification, Shopping Cart, Book and CD. For each generation action, 
Figure 8 only shows the high-level operations that progressively define the task 
taxonomy of the running example. The operations that define both the information 
templates and the activity diagrams have been omitted due to problems of space. 

 

Fig. 8. Generation action examples 

From the concept Direct Purchase, the tool creates the task taxonomy and the 
taxonomy root (operations inherited from the specialized concept On-Line Purchase). 
This generation action also defines how users must purchase products (collecting 
them first, and then making the checkout). From the concept Checkout Identification, 
the tool makes users login before handling the payment (in the checkout). The 
concept Shopping Cart indicates that the web application must provide users with a 
shopping cart. Then, products are collected by adding them to the shopping cart. 
Users can also inspect the shopping cart while they are collecting products. Finally, 
from the concepts CD and book, the tool knows which products can be added to the 
shopping cart. 
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5   Obtaining a Web Application Prototype 

As commented above, the OOWS method allows us to automatically obtain a web 
application prototype from a requirement specification. First, different model-to-
model transformations are achieved to derive the web application conceptual schema 
from the requirements specification. The OOWS conceptual schema is defined from 
several models that describe the different aspects of a web application: The system 
static structure and the system behaviour are described in three models (class diagram 
and dynamic-and functional models) that are borrowed from an object-oriented 
software production method called OO-Method [23]. The navigational aspects of a 
Web application are described in a navigational model [6]. 

Next, a strategy of automatic code generation is applied to the web conceptual 
schema to obtain code. The information and functionality of the web application is 
generated by the Olivanova Tool [11] from the OO-Method models (structural and 
behavioural model). The navigational structure of the Web application is generated by 
the OOWS case tool following directives specified in design templates [6]. 

The OOWS development process is automatically achieved, and then, it is fully 
transparent to end-users. The web application prototype is generated according to the 
information provided by end-users (by means of the end-user requirement elicitation 
tool). The aesthetic properties of this prototype are extracted from a default 
presentation template. The next section introduces a tool that allows end-users to 
easily change the web application look and feel. 

6   The End-User Look and Feel Design Tool 

The End-user look and feel design tool allows end-users without web design expertise 
to define the aesthetic aspects of a web application. To do this, the tool is based on the 
area-based OOWS code generation strategy. Thus, before presenting the tool itself, 
we briefly introduce this strategy. 

6.1   The Area-Based OOWS Code Generation Strategy 

The OOWS code generation strategy allows us to obtain a fully operative web 
application prototype from a task-based requirements specification. This prototype is 
made up of a set of interconnected web pages. OOWS divides each web page into 
three main logical areas (see Figure 9A as an example): 

− The information area presents the data that is provided to users (see box number 1).  
− The navigation area provides navigation meta-information. It is divided into the 

next sub-areas: 
• Location (see box number 2): Shows the situation of the user (the web page that 

is currently being shown). 
• Followed Path (see box number 3): Shows the navigational path that has been 

followed to reach that page. 
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• Navigational Links (see box number 4): Provides links to the web pages that can 
be accessed by users. 

- The corporative area provides information about the organization such as the name, 
the contact email, logo, etc. (see box number 5). 

 

Fig. 9. Logical areas of a web page 

Figure 9A shows a web page that provides information about a CD. This page has 
been implemented from the requirements specification that we have obtained in 
Section 4. Figure 9B shows the HTML code that implements the information area of 
this page. This code is based on the <div> label. Each area is defined by means of a 
div block. In addition, each div block is divided into sub-blocks that provide us 
with a great control to define the aesthetic aspects of web applications. The 
information_area block in Figure 9B is divided into two sub-blocks: data, which 
defines the properties of the selected CD and operations, which define the operations 
that users can activate. Finally, each property is implemented by means of two blocks: 
one that defines the property alias (for instance, “Year”) and another that defines the 
property value (for instance, “1993”). 

The area-based strategy allows us to define general CSS templates. By general 
templates, we mean CSS templates whose styles are defined without considering the 
web application domain. Styles are not defined by means of domain-specific terms 
such as CD, client, or invoice. Styles are defined by means of area-based terms such 
as information area, data, or operations. Then, these presentation templates can be 
applied to any web application developed by following the OOWS method. 

6.2   Allowing End-Users to Define the Web Application Look and Feel 

End-users can easily associate presentation templates (defined by means of area-based 
terms) to their web applications (developed by means of the end-user requirements 
elicitation tool) by means of the End-user look and feel design tool. 

Figure 10A shows a snapshot of the End-user look and feel design tool. This tool is 
divided into three frames. Frame 1 shows the page tool. This tool provides users with 
a list of web pages (depicted by rectangles with the file name) that make up the 
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loaded web application. Frame 2 shows the template tool. This tool provides users 
with the list of presentation templates that are stored in a template repository. 
Currently, we have defined more than fifty templates that provide end-users with 
different presentations. Frame 3 is the rendering zone. In this zone, users can see the 
page selected in the page tool with the aesthetic aspects defined by the template 
selected in the template tool. 

 

Fig. 10. Look and Feel Design Tool 

Thus, the aesthetic aspects of a web application are defined as follows: (1) End-
users load the web application into the End-user look and feel design tool. (2) End-
users select the different presentation templates from the template tool. To see the 
look and feel of each web page, they can select it from the page tool. (3) Once the 
end-users have decided on a presentation template, the tool automatically associates it 
to each web page. Figure 10B shows a web page, which provides a list of movies, 
with different look and feel designs.   

7   Conclusions and Further Work 

We have presented an approach that is based on the OOWS method to bring the web 
engineering principles to the end-user community; it focuses specifically on those 
end-users that have neither programming knowledge nor web design expertise. 

To do this, we have complemented the OOWS method with two end-user tools: (1) 
The end-user requirements elicitation, which allows end-users to obtain an OOWS 
requirements specification from the description of the application they want, and (2) 
the end-user look and feel design, which allows end-users to define the aesthetic 
aspects of the web application by simply selecting a presentation template. 

As further work, we are studying different kinds of web applications to improve 
our type ontologies. We are also defining more templates to provide end-users with a 
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wider selection of presentations. Finally, we are extending our approach to define a 
multidisciplinary method where end-users can work together with web professionals. 
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