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Abstract. End-user-development (EUD) has been a field of study for more than 
30 years already. The results are visible – users, who have no or only little pro-
gramming skills, have become active creators of Web applications, developing 
new tools to meet their situational needs, sharing them with colleagues and 
combining them into more complex solutions. Recent trends, like maturation of 
cloud computing, mass customization and changing demographics resulted in 
even higher demand for flexible, feature-rich and extensible platforms for end-
user development. While the potential of involving end-users into developing 
task is extremely high, a clear need for new systematic methods has emerged, 
which would take both the new technological opportunities but also risks result-
ing from non-professional application development into account. In this paper, 
we present our research towards systematic, end-user-oriented Web application 
development. We identify relevant research challenges; derive requirements on 
EUD-oriented development process and show how the WebComposition ap-
proach can be extended to support end-users during the whole life-cycle of Web 
applications - from requirements elicitation to evolution.  

1 Introduction 

The opportunities of end-user-development have become much greater in the last 
years. Not only technological foundation has advanced, but also social conditions 
have changed [1]. Nowadays end-users are much more skilled in dealing with IT. 
Motivated by ubiquitous internet access and pervasiveness of mobile devices provid-
ing rich user experience, users have become active shapers of the Web [2]. Many end-
user-oriented platforms and new development paradigms have emerged. One of the 
most promising are so called mashups [3], i.e. Web applications, which let end-users 
combine data, application logic and UI coming from different sources on the Web.  

The EUD trend has also moved to enterprises. The new generation of workforce is 
willing and able to create tools for their everyday needs, avoiding long-lasting feature 
requests to IT departments. In addition, end-users are better domain experts and know 
exactly how software should support their tasks, even if they can’t always explain it 
properly. Giving end-users an opportunity to develop their own solutions can save 
significant costs to the company and unburden IT department with numerous feature 
requests.  
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Though the potential of EUD is extremely high, it also bears some risks and in 
worst case can have negative impact on the whole enterprise. The recent Gartner re-
port on so called “citizen development” predicts that at least a third of businesses 
without formalised citizen developer governance policies will encounter substantial 
data, process integrity and security vulnerabilities [4]. One of the main problems iden-
tified is an inadequate application life-cycle management, resulting in plenty almost 
identical applications exposing many security vulnerabilities or performance draw-
backs. Another problem is that if application becomes unmanageable, it is delegated 
to IT department, making its maintenance and evolution a cost-inefficient and time-
consuming burden. Finally, end-users are simply not aware about best practises and 
governance rules to be applied during the application development process.  

In this work, we address the above problems and propose a new method for end-
user-development and evolution of Web applications. We build our work upon the 
WebComposition approach [5] and adapt its process model, tools and methods to the 
peculiarities of the EUD domain. The rest of the paper is structured as following: 
Section 2 gives an overview of the tackled research challenges. In section 3 we intro-
duce the WebComposition approach and show how it can be extended towards the 
EUD domain. Finally, we conclude the paper and give an outlook into our future 
work.  

2 Research Challenges 

Consider the following example scenario, illustrating common problems and difficul-
ties, which end-users face while developing new Web applications.  

John is an employee of a medium-sized enterprise and works often with customer-
relationship-management (CRM) systems, which help him in finding information 
about customers, performing data analysis or contacting them through various com-
munication channels. John uses the system in his everyday work, but soon he discov-
ers that many tasks are performed inefficiently – for example, the data should be  
collected from different areas of the system and can’t be merged into one holistic 
view. John performs also many data lookup activities to find customer-related data on 
the Web. He can't enrich the system with other data sources rather than those foreseen 
by developers. Furthermore, he wants some system functionality to be available in 
other contexts, e.g. on desktop or embedded in his favourite portal application.  

John decides to create his own application and takes the composition tool offered 
by the company IT department. The first hurdle John faces is the missing knowledge 
on how to start building an application. Most of the tools follow a bottom-up  
approach, giving end-users a toolkit to compose data, application logic or user inter-
faces. The requirements specification phase and corresponding modelling tools ha-
ven’t gained much attention so far and lead to a unsystematic and time-consuming 
development process [6]. John starts to play with the given toolbox and encounters 
next problems - this time in finding relevant data sources or parts of application he 
should use. The building blocks are usually not fine-grained enough to be shared be-
tween applications or lack adequate semantic descriptions to be found among plenty 
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of available artefacts. John creates his own data specifications, defines presentation 
and navigation aspects of the new application. The procedure takes him quite some 
time due to the missing expertise in Web application development. Unwittingly John 
doesn't consider security and performance aspects as his main purpose is to fulfil the 
current needs without taking possible future reuse of artefacts or application evolution 
into account. Having created several applications, John uses them quite often but later 
on encounters incompatibility problems if his applications should be integrated with 
the ones developed by his colleagues.  

The presented scenario reveals several problems and research challenges, which 
will be tackled in this work:  

• How end-users can be supported during the whole Web application life-
cycle including requirements engineering and evolution?  

• Which concepts and development paradigms are appropriate for EUD?  
Which expertise can be expected from end-users nowadays? 

• Which interactions between IT experts and end-users are needed to guar-
antee a required quality of produced software artefacts and compliance to 
company policies?  

• How development expertise and application artefacts can be shared 
among end-users? Which artefacts can be reused during the application 
life-cycle? 

• How models and tools can be adapted to establish a systematic and effi-
cient development process? Which EUD-platforms offer the best trade-off 
in simplicity and expressive power?  

In the following section, we present our proposed extension of the WebComposition 
approach, which is adapted to tackle the aforementioned problems.  

3 Research Methodology and Approach 

The WebComposition approach was first introduced in 1997 as an object-oriented 
approach for development and evolution of Web applications [7]. The Web-based 
solution is seen as a set of fine-grained application components, which deal with dif-
ferent perspectives of a Web application, such as content [8], distributed system and 
architecture [9] or user interface experience perspectives [10]. The WebComposition 
process model focuses on systematic development and reuse of application artefacts, 
taking continuous application evolution into account. To take the peculiarities of EUD 
domain into account, we propose an extension of the WebComposition approach, 
illustrated in Figure 1.  

The WebComposition approach considers a Web-based solution as a set of areas or 
so called "domains", which are continuously evolving and extending the original ap-
plication. The first step within the development process is the domain analysis, which 
is focused on identification and description of envisioned application domains. Al-
ready existing domains are analysed with respect to their further evolution. The plan-
ning process is supported by the so called WebComposition Reuse Repository, con-
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taining artefacts, which can be reused and adapted to the current needs. In our work 
we are going to identify a set of artefacts specific to EUD, which can be produced 
during domain analysis and reused later on. These could be, for example, conceptual 
domain descriptions, user-interface-mockups, or user stories. Furthermore a set of 
services from IT experts as well as tools to support the domain analysis step will be 
elaborated.  

 

Fig. 1. The WebComposition process model for end-user- development of Web applications 

The next phase focuses on specification and development of building blocks re-
quired to implement the envisioned domain. One identifies already existing compo-
nents and creates the missing ones. In our work we will refine the component model 
originally defined in the WebComposition approach to take security, system integra-
tion and distribution requirements into account. We believe that components would 
provide much higher value both in terms of reusability and efficiency if appropriate 
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packaging and distribution aspects are considered [11]. We will identify required IT-
expert services, which would assist end-user in the development tasks, e.g. by provid-
ing consistency or policy compliance checks. A well-balanced cooperation between 
skilled and unskilled developers is needed to guarantee an efficient and maintainable 
development. We will develop a dedicated environment, which would let end-users 
implement the aforementioned components and access the identified IT-expert ser-
vices.  

The last step of the development cycle is the assembly of identified components 
into one solution, which would satisfy the requirements of the envisioned domain. 
Similar to the previous step, the composition process should happen in an end-user-
friendly way, i.e. hiding the complexity of underlying technologies and providing 
assistance in such tasks as dependency resolution or establishing of component inter-
operability. We envision a dedicated run-time environment, which would enable 
graphical composition and provide end-user assistance facilities, e.g. recommendation 
and automatic composition engine. We will build upon well-adopted Web mashup 
technologies [3] but additionally cover security and user-experience aspects.  

The working plan of our research is focused on tackling the research challenges 
stated in Section 2. In particular, we will continue with the following steps: 

• Detailed requirements elicitation and use case definition for EUD-oriented 
process model and supporting tools.  

• Profound state-of-the-art analysis of principles, methods and tools aiming 
to support EUD. We are going to cover the Web mashups domain, visual 
programming techniques, EUD suits as well as Web Engineering ap-
proaches.  

• Specification of a EUD approach based on WebComposition process 
model, which would result in appropriate communication between differ-
ent stakeholders and efficient development process.  

• Development of a dedicated platform, supporting different phases of 
adapted WebComposition approach. End-user-friendly models, tools and 
run-time environments will be developed in this step. 

• An evaluation of the proposed approach within several case studies. Ap-
plicability of tools and efficiency of the introduced process will be ana-
lysed.   

4 Conclusions and Outlook 

As recent studies showed, the risk of security vulnerabilities and poor maintainability 
of end-user-created products becomes high, if the development happens unsystemati-
cally and is not supported by IT departments. In this paper we presented a dedicated 
process model, tools and techniques to avoid the aforementioned risks. We described 
how WebComposition approach can be adapted towards the needs of EUD domain 
and elaborated our plan for the future research. 
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