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Abstract 
 
The intention of tailorable systems is to make it possible for end users to evolve 
an application to better fit altered requirements and tasks, and to make the 
system more endurable. This thesis discusses tailorable systems in the context 
of a rapidly changing business environment. The objective was to determine 
what is necessary for a tailorable business system to continuously adapt to 
expanding requirements and thereby live up to the intention of the system. The 
thesis includes five different studies, of which one is a literature study. The 
other four studies were conducted in three projects; one technical project 
exploring the possibility to use Metaobject Protocol in tailorable systems, one 
project in an explorative environment concerned with physical interfaces and 
one project, that also embraced user participation and user evaluation, regarded 
the possibility for end users to manage system infrastructure. The projects began 
with field studies (including participant observations and interviews) and 
workshops with users and developers. In each project, based on the outcome, an 
end-user tailorable prototype was developed. The prototypes were used for 
evaluating possibilities and problems with tailorable systems. Taken together 
the evaluations revealed what was required to make a tailorable system work as 
intended in a rapidly changing business environment. It could be concluded that 
tailoring is a good way to evolve a system to meet altered needs, because people 
who already possess the required domain knowledge can make changes quickly. 
Tailoring is not however enough, because the tailoring capabilities are always 
limited, meaning that tailoring cannot support completely unanticipated 
changes. In such cases the tailoring capabilities must be extended. Since such 
changes are only concerned with the system itself, and not the business task, it 
is hard to motivate even skilled users to make these types of changes. Tailoring 
activities must therefore be coordinated with software evolution activities 
performed by professional developers. This allows the system to adapt 
continuously to a rapidly changing business environment and thereby live up to 
the intention of the system. The final conclusion is that there is a need for close 
collaboration between end users, tailors and developers to make tailorable 
information systems adaptable to rapid changes in the business environment as 
well as being endurable. The collaboration has to be supported in the structure 
of the system by providing support for the work of users, tailors and developers. 
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Chapter One 

Introduction 
Alone we can do so little, together we can do so much. 

Helen Adams Keller (1880-1968) 
American author and lecturer 

 
In most business areas today, competition is hard. It is a matter of company 
survival to interpret and follow up changes within the business market. The 
margin between success and failure is small. Suitable, sustainable information 
systems are one way of gaining advantages to be able to be in the front line of 
the business area. To be able to gain competitiveness, the information systems 
have to adapt to changes in the business environment. But when the business 
environment changes fast and continuously, such as within the telecom 
business, keeping business systems up-to-date takes a lot of effort. In such a fast 
changing world, software flexibility is needed to prevent software obsolescence 
and to keep the software useful. One way to provide this kind of flexibility is 
end-user development. End-user development “can be a strategic solution to 
bridge the productivity gap by allowing end users to directly implement some 
additional features important to accomplish their tasks” [38, p. 7]. One way of 
conducting end-user development is end-user tailoring. End-user tailoring 
enables the end user to modify the software while it is being used, as opposed to 
modifying it during the initial development process [16]. The intention of 
tailorable systems is to make it possible for end users to evolve an application to 
better fit altered requirements and tasks, and to make the system more 
endurable.  
The question is how to achieve good quality in a tailorable system, regarding 
adaptation to a fast changing business environment with its people, organization 
and existing technologies. In this context it is interesting to discuss, the “user’s 
view of quality” [1, p. 5]. In ISO/IEC 9126 the “user’s view of quality” is called 
quality in use. After all, as Lehman [22, p. 1064] puts it “It is the usability of the 
program and the relevance of its output in a changing world that must be the 
main concern”. To keep the system usable and relevant, the system inevitably 
has to evolve [22]. To evolve a system to handle new technical environments 
and new or changed requirements together represent approximately 80% of the 
maintenance costs of a system [46]. Therefore it is natural to look at system 
development as a continuous process that starts with the initial development of 
the system and then continues until the system is obsolete [46]. Software 
development is mostly done by professional software developers and also 
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involves transferring some domain knowledge from users to developers [2] 
which may take some time and effort. End users, however, already possess the 
domain knowledge. By providing support for end-user tailoring, enabling end 
users to make task related changes, alterations can be made immediately, as 
needed. There is also a chance that the overall cost of development will 
decrease, as more effort is spent on making it easier for the system to evolve 
[46], but for tailorable systems this is a question of further research.   
One can look at tailorable systems from two perspectives; the user perspective 
and the system perspective. The user perspective regards the system as a black 
box while the system perspective regards the environment as a black box [47]. 
From the user perspective tailoring is “…when we change stable aspects of an 
artifact” [16, p. 223]. But what does it mean to change stable aspects of an 
artifact? To clarify the statement we have to distinguish between use and 
tailoring. If it is the tool itself that is the target for change, it is tailoring, and if it 
is the subject matter (for example the text document) that changes, it is 
considered use. The point of time when the impact of change is perceived is 
also important, to separate use from tailoring. If the effect is immediate it is use, 
otherwise it is tailoring [16]. This means that deliberate actions must be taken to 
change the system. Actions made to perform a task are not enough. The end 
users have to make changes with the intention of changing the system itself to 
be better suited for a task. Accordingly, from the user perspective we can define 
tailoring as “…the activity, done by end users, to change stable aspects of the 
tool itself, if the change is of such nature that the system cannot implement the 
change immediately”.  
When looking at a tailorable system from the system perspective, tailoring is 
often called adaptability [47]. Adaptability can be defined as “systems that can 
easily be adapted to a steady change of various requirements.” [29, p. 1]. This 
definition also takes into account non-technical issues by including all types of 
requirements. The system perspective is concerned with how to make the 
system evolve easily to fit different kinds of changed requirements, whereas the 
user perspective is concerned with changing the system to fit to a specific task. 
Task related needs are what motivate end users to make changes to the system 
[35]. 
End user development ranges from customization by setting parameters to 
actual coding [35] and can be divided into three different levels of tailoring [16, 
30, 31]. The three levels are customization; choosing between predefined 
parameters or by setting values on parameters, integration; adding new 
functionality by connecting predefined components, and extension; adding new 
code. The higher the level, the more radical the changes that can be carried out 
and the more extensive the end-user knowledge must be. In all companies the 
end users have diverse computer skills and they often collaborate to achieve a 
goal [35] (see also Chapter Four). By making use of the collaboration between 
end users with different competencies, a system can be less limiting than if the 
collaboration has not been utilized [35], e.g. tailorable systems should be 
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designed to embrace all three tailoring levels to provide for evolution of the 
system to meet minor or major changes in business requirements.  

1.1 Research Question 
The objective for the thesis is to show how to support tailorability in a rapidly 
changing environment. By implementing tailorability, a tailorable system could 
continuously adapt to expanding requirements and thereby remain the 
competitive means it was designed to be. 
Accordingly the main research question for the thesis is: 

How can tailorability be supported to make end-user tailorable systems 
stay useful, sustainable and work as intended in a rapidly changing 
environment where requirements continuously expand? 

The main question generated several sub-questions during the research: 
 RQ1: Is tailoring enough to deal with expanded requirements? 
As several empirical studies of tailoring and studies of users’ and tailors’ work 
exist, an additional question appeared: 

 RQ2: Is it possible to observe empirically the need for combining 
tailoring and software evolution and, the need for supporting 
developers’ interaction with tailorable systems? 

Cooperation between different types of users or tailors when tailoring systems is 
well documented, but how about cooperation between users, tailors and 
developers? 

 RQ3: Is there a need for cooperation between users, tailors and 
developers in business environments? 

 RQ4: From a technical point of view, how can cooperation between 
users, tailors and developers be supported? 

These questions are answered in Section 1.7 and conclusions are presented in 
Section 1.9. 

1.2 Outline 
The empirical studies were conducted in three projects. The first project was a 
technical project exploring the possibility of using Metaobject protocol in 
tailorable systems. The project involved building a prototype modeling a 
business system used by a telecom operator. The second project took place in an 
explorative environment at a research center and was concerned with physical 
interfaces. The built prototype aimed at connecting different physical devices in 
a way that enabled easy changes in configuration. The last project was 
performed in cooperation with the same telecom operator that was indirectly 
involved in the first project. The project concerned the possibility for end users 
to manage system infrastructure, to make it possible for a business system to 
rapidly adapt to changes in the business market. The findings of the projects are 
presented in Chapter Two to Six. A qualitative research approach was chosen, 
since the aim was not only to learn if and how well an artifact performs but also 



Chapter One 
Introduction 

 

 

 

 
6 

what makes it work for users in their daily work, in their ordinary work 
environment. By employing qualitative research methods, a rich and nuance 
field material was collected, providing a better understanding of surrounding 
issues. The overall research design could be divided in three phases; 
establishing the research question, building the prototype, and evaluation. 
Research questions for the individual studies have been established in 
consensus with existing research discourse and field work done at the work 
places. The field work consisted of interviews and participant observations of 
the work practice and was aimed at penetrating the problem of using tailorable 
systems in a rapidly changing environment. Based on the analysis of the field 
work, prototypes were designed in workshops performed in cooperation with 
end users and developers. A total of three prototypes are included in the thesis. 
The prototypes were finally evaluated. The main focus has not been on the 
technology used in the prototypes. Technical issues will be taken care of in the 
future (see 1.10 Future Research). The prototypes have been used as mediating 
artifacts to discuss not only technical issues but also cultural and social factors 
within the organization that influence the experienced quality. 
Some common results were more or less visible in the different studies.  

• Three roles could be clearly distinguished; user, tailor and developer.  
Tailors are often also end users, but are more skilled in handling the system and 
are thereby able to tailor the system better to fit new or altered tasks.  

• The task related evolution done by tailoring could be anticipated to a 
certain degree, but in a rapidly changing business environment the 
tailoring capabilities will rather soon reach their limits.  

Then system related software evolution has to be done to extend the tailoring 
capabilities so that the tailor can continue to evolve the system. Tailoring should 
be combined with software evolution done by professional developers.  

• Collaboration between users, tailors and developers were observed, as 
was a need for coordinating tailoring and software evolution activities.

In both of the empirical studies, there was an awareness of the competencies of 
colleagues, and the differences were used for collaboration. 

• The design of useful, sustainable, tailorable system should support use, 
tailoring, and ordinary software evolution.  

The prototypes showed how it is possible to facilitate all three roles’ relation to, 
and interaction with, the system.  
The conclusion is that to make a sustainable tailorable system work as intended, 
in a rapidly changing business environment, tailoring activities have to be 
coordinated with development activities involving professional developers.  To 
allow the developer to extend the tailoring capabilities when required, close 
cooperation is needed between users, tailors and developers. This collaboration 
should be facilitated by the structure of tailorable systems, providing support for 
users, tailors and developers.  
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The rest of this chapter is organized as follows: First some related work in terms 
of tailoring and software evolution. Then the Focus and Contribution of Thesis 
are presented (Section 1.4) followed by the Research Approach. The thesis is 
based mainly on three projects which are presented in Section 1.6. Section 1.7 
presents the contribution of each of the following chapters (Chapter Two to Six) 
and thereafter the results from the different chapters are compiled and discussed 
in Section 1.8 Discussion. The conclusions are stated in Section 1.9. Finally, 
future research is discussed. 

1.3 Related Work  
Tailoring can be said to be “further development of an application during use to 
adapt it to complex work situations” [20, p. 1] or “the activity of modifying a 
computer application within the context of its use” [20, p. 1] and is the same 
thing as tailoring is situated between development and use. 

1.3.1 Tailoring 
The research approaches can be divided into three principal areas: 

• How tailorable systems should be designed. 
• How the different interfaces should be designed. 
• How the end users work with tailoring. 

The three categories do not, of course, have a clear boundary. Most researchers 
discuss more than one category. 

How tailorable systems should be designed 
When it comes to the design of tailorable systems, the triumph of component-
based solutions is noticeable. In [34] the authors suggest new metaphors and 
techniques for choosing and bringing together components to facilitate end-user 
development. Stiemerling [47] and Hummes and Merialdo [18] also propose a 
component based architecture. Hummes and Merialdo also advocate dividing 
tailoring activities, as well as the application itself, into two parts; customization 
of new components and insertion of components into the application. The 
customization tool does not have to be a part of the application at all. This 
approach corresponds to Stiemerling’s [47] discussion of ‘the gentle slope’ 
where users can either just put together a few predefined components or, if 
more skilled, customize the components for more complex tasks. 
In his doctoral dissertation, Paul Dourish [9] proposes another approach, to 
make use of open implementation techniques to open up CSCW1 toolkits, 
making it possible to manipulate the application to match the actual need. 
Dourish also states that there are basic connections between usage and system 
issues.  

                                                 
1 Computer Supported Cooperative Work 
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Fischer and Girgensohn [12] take up another side of tailorable systems. They 
state that even if the goal of tailorable systems is to make it possible for users to 
modify systems, it does not automatically mean that the users are responsible 
for the evolved design of the system. There will be a need for modifications of 
the users’ design environment and Fisher and Girgensohn provides a rationale 
and techniques for handling this type of change.  

How the different interfaces should be designed 
An area that is also interesting is the mapping between the adaptable system and 
the users; what interfaces to provide. Mørch introduces three levels of tailoring 
[30], customization, integration and extension, which provides the users with 
increasing possibilities to tailor the system. Customization provides only 
opportunities to make small changes, whereas extension is when code is added, 
which means that more comprehensive changes can be made. Together with 
Mehandjiev, Mørch [33] also presents how to support the three different types 
of tailoring by providing different graphical interfaces for each of the tailoring 
types. 

How the end users work with tailoring. 
In [34, p. 62] the authors state that an area for future research is “How to 
support cooperation among different users who have different qualifications, 
skills, interests, and resources to carry out tailoring activities.” The area 
addressed is how the users work with tailoring. This area is well represented in 
the CSCW community. In the following, some research in the category is 
presented. 
MacLean et al. states in 1990 [27] that it is impossible to design systems that 
suit all users in all situations and they continue by expressing the need for 
tailorable systems. However, it is not enough to provide the users with a 
tailorable system. To be able to achieve flexibility there is a need for a tailoring 
culture, where it is possible for the users to have power and control over the 
changes. It also requires an environment where tailoring is the norm.  
In [26] Wendy Mackay describes how she finds that although the users have 
tailorable software they do not customize the software, because it takes time 
from the ordinary work. There is a trade-off between how much time the 
tailoring takes to learn and how beneficial the change may be. To encourage 
users to customize the software, the customization has to allow users to work as 
before, and the customization must also increase productivity by just one single 
click of a button. 
In another paper [25] Mackay observes that customization of software is not 
mainly individuals changing the software for personal needs, but is a 
collaborative activity where users with similar or different skills shared their 
files with each other. One group that has received attention is translators. 
Translators are users who are not as technically skilled as members of the 
highly technical group, but are people who are much more interested in making 
work easier for their colleagues. Mackay says that the translator role should be 
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supported in organizations with tailorable systems. She also claims that not all 
sharing is good and that opportunities for sharing files have to be provided in 
the organization.   
Gantt and Nardi [14] finds a role similar to the translator in a CAD (Computer 
Aided Design) environment. They identify two roles; gardeners and gurus. 
Gardeners are domain experts, as are gurus, but gardeners have the role of local 
developers providing support for mechanical engineers, whereas gurus have the 
corresponding role for electrical engineers. Gardeners and gurus differ from 
other local developers in that they received recognition for their task of helping 
fellow employees. 
As exemplified above, tailoring activities are often carried out in cooperation. 
This is also pointed out by Kahler [19] who states that there is a lack of support 
for collaborative tailoring activities. Kahler therefore makes eight suggestions 
for how collaboration can be supported. The suggestions range from software 
issues to social-technical concerns. For example, Kahler suggests that a 
tailoring culture should be supported and that an awareness of the tailoring 
activities should be provided. 
Bødker discusses computers as mediators between design and use [6]. Bødker 
provides an understanding of computer artifacts and how they transform in 
design, but also in use. Bødker states that designing software is a design 
embracing all environments of use. 
Changes in the environment or the organization influence software systems, and 
this phenomenon is recognized in tailoring literature. To manage organizational 
and technical changes Wulf and Rohde [51] provide a framework where both 
issues can be dealt with in a evolutionary and participatory fashion. 
There is a growing need for tailorable systems [48] because of the variety of 
requirements on groupware. Stiemerling et al. [48]  suggest using participatory 
and evolutionary design approaches such as interviews, workshops, user 
advocacy, thinking aloud, mockups and prototyping when designing tailorable 
systems. This is in line with what is presented in this thesis, even though the 
application type is not groupware. 

Summing Up 
To sum up, it can be said that most researchers in the tailoring community 
approach tailoring and tailorable systems from a user perspective, irrespective 
of whether the main focus is on the design of tailorable systems or on how users 
use tailorable systems. To facilitate the developers’ work is not considered 
except as a side effect of trying to improve the interface [47]. The developer is 
not considered a member of the team in terms of changing the system (Figure 
1:1), only as an assistance resource when the users’ skills are not sufficient to 
allow them to tailor the system on their own [16].  
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Figure 1:1 Tailoring 

1.3.2 Software Evolution 
As software evolution does not have a standard definition, many researchers use 
it as a substitute for maintenance [2]. But evolution expresses something more 
positive than maintenance. Evolution means a lifelong positive change [22]. 
A paper cited whenever software evolution is discussed is Lehman’s paper 
‘Programs, Life Cycles, and Laws of Software Evolution [23]. In the paper 
Lehman divides programs into three groups: S-programs, that can be derived 
from a specification, P-programs that are programs that model and solve real 
world problems, such as chess, and a third group, E-programs, that are 
embedded in the world they model. Tailorable systems are E-programs. Lehman 
also states that questions about correctness, suitability and satisfaction will arise 
as soon as the application is used, and this leads to a need for changing the 
application [23]. In other words, Lehman states that the environment pressures 
the application to change and software evolution is inevitable. The 
environmental pressure is strongest for E-programs. 
Software evolution, in the same manner as software engineering, can be divided 
into efforts of software process and software product. The software process 
consist of four activities [46]: 

1. Software specification 
2. Software development 
3. Software validation  
4. Software evolution 

The initial development process involves specification, design and 
implementation activities, and testing, e.g. specification, implementation, 
validation. Then the software is finished, delivered and taken into operation. 
After a while the software is no longer satisfactory, and it inevitably has to 
evolve to meet new demands. Then a new phase begins, to define new 
specifications. The specification is implemented and validated and the evolved 
software is taken into operation, and then has to change. The cycle spins around 
and around.  
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As evolution (or maintenance) is a continuation of the development process it 
should be represented by a spiral model [46] (Figure 1:2) where the first round 
represent the initial development. Then the development process continues in 
the form of evolution. 
 
 
 
 
 
 
 

 

 

 

Figure 1:2 Spiral model of development and evolution (freely from [46]) 

From the product point of view, Bennett and Raijlich model the software life 
cycle in the ‘stage model’ [2]. The stage model consists of five stages:  

1. Initial development 
2. Evolution
3. Servicing 
4. Phase-out 
5. Close-down 

The initial development results in a first running version, and as soon as the 
software is deployed the evolution stage takes over. The software will undergo 
many changes until the ability to evolve is lost. Then the software enters the 
service stage. The software has become a legacy system and only small changes 
or services are made to the software. Eventually, no further servicing is 
possible, and the software will arrive at the phase-out stage where no changes 
are made to the software. Finally the software will cease to exist. Tailorable 
systems aim for staying in the evolution stage as long as possible. 
To put the process and product approaches together, the three first stages in the 
product life cycle (initial development, evolution and servicing) are embraced 
by the spiral model, whereas the stages phase-out and close-down occur when 
the spiral has ceased to spin. 
Software evolution activities can be anticipatory or reactive [3]. Anticipatory 
evolution is based on the idea that it is possible predict, plan and prepare for 
changes before the need for evolution occurs. Tailoring and software variability 
[49] and the product line approach [5] belong to this approach. Reactive 
evolution means that changes are too unpredictable to be planned and changes 
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have to be made when the need arises. The aim of this thesis is to combine 
anticipatory and reactive (unanticipated) evolution. 

Summing Up 
In summary it can be said that when discussing software evolution in software 
engineering, the main focus is on activities performed by professional 
developers. Figure 1:3 shows how the developer is outside the environment 
where the user belongs. The developer evolves the system from the outside to 
deal with the user’s changing requests and changes in the environment. In 
software evolution, the developer intends to evolve the system to meet the 
user’s needs.  
 
 
 
 
 
 
 
 
 

Figure 1:3 Software evolution performed by professional developers 

1.3.3 Tailorable Systems and Software Evolution 
Lehman states “It is…generally accepted that software must be continually 
adapted and changed if it is to remain satisfactory in use.” [22, p. 1202]. This is 
exactly the intention with tailoring. Tailoring is to continually adapt the system 
to remain satisfactory in use.  
Sommerville states that instead of developing systems and then maintaining 
them until the system has to be replaced, we should instead create evolutionary 
systems. Evolutionary systems are designed to change in reaction to changed 
requirements [46]. This is in line with tailorable systems that without doubt can 
be regarded as evolutionary systems. 
As the two examples show, it is easy to relate tailoring to software evolution 
and some researchers in the tailoring community have done so. 
For example Anders Mørch describes how end users can evolve a general tool, 
Basic Draw, into a domain-oriented design tool [31]. Even though the main 
focus is on how such a tool can be achieved, Mørch talks about evolution, and 
states that tailoring “supports application evolution by a set of tools that are 
integrated into a generic application” [31, p. 1]. In an other paper [32] Mørch 
puts tailoring in the perspective of natural evolution and he introduces new 
concepts and techniques for software evolution. 
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The research approach closest to the stand taken in this thesis is the one 
presented by Fischer [13]. Fischer involves the developer as a helper in the 
tailoring process. Fischer says that after a period when end users have carried 
out some tailoring on the system, the system will be in a rather inconsistent 
state. The developer then has to help the end users to tidy up the system and 
make new generalizations of the changes made [13]. Fischer’s approach is 
similar to the one in this thesis, in that he pays attention to the importance of the 
developers’ role in tailoring. Fischer’s approach it also different in that Fischer 
only sees the developer as a temporary helper that makes the system work 
again, instead of also being a resource providing new tailoring capabilities. 
The division of the evolution process into specification, implementation, 
validation and operation is valid for tailoring too, but perhaps in a more 
informal way, as it is the end user who makes the change, alone or in 
cooperation with colleagues, whenever the need occurs. The tailoring process 
can therefore also be represented by a spiral model. The difference from 
Sommerville’s spiral model [46] is that a precondition for end-user tailoring is a 
tailorable system and the tailoring process starts after the tailorable system is 
deployed. The spiral model of tailoring (Figure 1:4) starts after the initial round, 
which means immediately after the system is deployed. For each tailoring 
attempt there is a new rotation in the spiral. The tailoring process can continue 
until all tailoring capabilities have expired. Then the evolution through tailoring 
is stopped. 

 
 
 
 
 
 
 
 
 
 

Figure 1:4 Spiral model of tailoring

Few end users are interested in computers. End users mainly see computers as 
tools that facilitate their work [35]. Nardi states that what motivates end users to 
make changes to the system is the need to change the system to be able to 
perform a specific task [35]. End users want to make changes to systems as long 
as the changes are motivated by the task to be done [35]. The end users have the 
ability to change the system, as they possess the domain knowledge needed for 
creating the applications they want as well as the motivation to get their work 
done quickly and accurately [35]. 
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Summing Up 
End users can accordingly be expected to be motivated to make changes 
directly related to their work. We can call this ‘task driven evolution’. However, 
few end users are interested in making changes that are only indirectly related to 
their work. To make changes to the system to enable the system to be a better 
tool for the end users is the developers’ job. We can call this ‘system driven 
evolution’. 

1.4 Focus and Contribution of Thesis 
The thesis is concerned with adaptable software systems used in a continuously 
changing, as well as fast changing environment.  
There is an intention with all software. To try to fulfill the intention, system 
requirements are assembled and implemented in the software. When a system 
implements the requirements, and the system requirements fulfil the users’ 
expectations, the users are satisfied. Then, the intention of the system can be 
said to be fulfilled. Quality in use, the users’ view of quality [1], is achieved. 
If the system is expected to be able to adapt to changes in the environment, as 
tailorable systems are expected to, the question is how the intention to adapt to 
changes can keep up with expanded requirements in a rapidly changing 
environment to make it possible for users to experience quality in use. The 
expectations will range from anticipated to unanticipated changes to be dealt 
with by the system. 
There are two ways of adapting software to changing requirements;  

• letting the end user adapt the system through tailoring or  
• letting professional developers make the changes.  

Tailoring satisfies the users’ altered requirements almost immediately. Changes 
made by users are fast and quickly satisfy the users’ expanded requirements, 
whereas software evolution made by professional developers has the advantage 
of providing more far-reaching solutions. The focus of this thesis is to explore 
how tailorable systems can continue to live up to the initial intention of the 
system in a rapidly changing environment.  
The contribution of the thesis is to combine and coordinate tailoring with 
software evolution activities, to support the evolution of tailorability. Sooner or 
later the tailoring capabilities have reached the boundaries of what can be 
achieved by tailoring. Therefore there will be a need for the tailoring 
capabilities to evolve, to make it possible for end users to continuously tailor 
the system to meet task related extended requirements. 
As described in Section 1.3.1-3 researchers tend to look at evolution from either 
a user perspective or a system perspective, resulting in a gap between 
development and use. This thesis takes an overall stand (Figure 1:5) and states 
the possibility to benefit from both user and system perspectives, through 
collaboration between users, tailors and developers, to achieve useful, 
sustainable tailorable systems that easily adapt to changes in the environment. 
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Figure 1:5 United perspective 

1.5 Research Approach 
In the goal to reach useful software, there are three basic beliefs that have 
influenced the shaping of the research approach: 

• Knowledge is best obtained through work 
How to learn and how to achieve knowledge has a long history in pedagogic 
research. Learning-by-doing is advocated by many pedagogues in Swedish 
schools today. Owen has a similar opinion when discussing design research 
in [37]. Owen presents a model for generating and accumulating knowledge 
(Figure 1:6). Owen writes that knowledge is built up through actions [37]. 
Knowledge is gained through doing something and evaluating the results. 
The knowledge is used to shape work or new activities, and so on. This 
model is well suited to the discussion of the research approach in this thesis, 
where otherwise unobtainable knowledge was accumulated through work 
with the prototypes. 

 
 
 
 
 
 
 

Figure 1:6 A General model for knowledge [37] 

• The environment should be considered a part of the design. 
An artifact can be framed by an inner and an outer environment (the 
organization of the artifact and the forces acting on the artifact, respectively) 
and an interface between them. Both the inner and the outer environment 
restrain the behavior of the artifact. Design is then to bridge the inner and 
outer environment in a desirable way [45].  A similar view of design is that 
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design is the mapping from functional space to attitude space [50]. This 
thesis advocates an additional dimension to design. Design is not just 
mapping the inner and outer environment, but when designing artifacts, the 
artifact should be viewed as consisting of both the inner and the outer 
environment as well as the interface between them. 

• Technology should be for humans, not vice versa. 
Humans differ from artifacts in that humans can think, feel and experience 
things. Another human characteristic is always wanting to improve our 
existence. Computers and software have tremendous potential to improve 
everyday human life. This is the advantage of computers and software. As 
software engineers, we are obliged to try to make software practical and 
beneficial for humans. 

The research stance stated above is reflected in the research methodology used. 
‘Knowledge is best obtained through work’ led to design research. Discussing 
‘Technology should be for humans, not vice versa.’ brought thoughts of social 
science. ‘The environment should be considered a part of the design.’ bridges 
the other two. The result is a qualitative research approach combining design 
research, prototyping, and field work inspired by ethnography and evaluations. 
All these to gain the ‘inside perspective’ [42] of software design and use.  

1.5.1 Design Research Applied 
The research methodology adopted may be termed a design research approach, 
as the studies started out by defining the research question based on business 
needs and unexplored issues in the research discourse. Design research has been 
discussed in several papers, among others Nunamaker [36], March and Smith 
[28] and more recently Hevner et al. [17]. Design research in general can be 
divided into five process steps [52]: 

1. Awareness of problem that can come from various sources, such as from 
industry or from other disciplines, but the findings must add knowledge 
to the research field. 

2. Suggestion is closely connected to step one. In this phase a tentative 
design is achieved. 

3. Development means that the tentative design is implemented. 
4. Evaluation of the artifact according to implicit and explicit criteria in 

step one. 
5. Conclusions are drawn and if the artifact is not good enough the process 

continues with step one once again. 
The design approach applied in the studies differs from the general view of 
design research, in that the goal for the evaluation was not limited to evaluating 
how good the prototype was as a technical artifact, e.g. the aim was not to 
evaluate a comprehensive set of functional and qualitative requirements to be 
able to improve a specific prototype. The general view is that design research is 
concerned with how well an artifact works, but what output a design research 
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should produce differs from community to community [52]. In the studies 
presented here both ‘how’ and ‘why’ the prototype works is important.
Hevner et al. [17] emphasize the need for combining design research and 
behavioral science to “….ultimately inform researchers and practitioners of the 
interaction among people, technology, and organizations that must be managed 
if an information system is to achieve its stated purpose, …” [17, p. 76]. Cross-
fertilization between design and behavioral research is applied in the studies 
presented in this thesis. 
The chart in Figure 1:7 visualizes the applied design research. The chart is 
inspired by a diagram by Hevner et al. [17]. The approach follows the five steps 
in the general view of design research.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1:7 The research process 

The study starts with establishing the research question in terms of the industrial 
partner’s needs (1b) (The numbers refer to Figure 1:7) in consensus with what is 
interesting from the research discourse’s point of view (1a). To elicit the need 
generated by the research question (2a) together with the business need (2b) 
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field studies and document studies (I) are applied. A prototype is built, based on 
the outcome of the field studies. To build the prototype, applicable knowledge 
(2c) is used. The prototype is designed together with users (II). To be able to 
evaluate the prototype it is assessed (3) either by researchers or by experiments 
in a setting close to the real world were users try out the prototype. The method 
used is close to field studies and the outcome is in the form of verbal protocols 
(III). The evaluation can be of three types: evaluation against requirements (A), 
evaluation of technical issues of the artifact (B) and evaluation of environmental 
effects of the artifact (C). The evaluation design is based on established 
methods from the research discourse (4). The outcome from the evaluation 
generates new knowledge that is added to the knowledge base of the discourse 
(5a). In addition, the evaluation provides the industrial partner with findings that 
can be of use when designing similar systems (5b). The cycle is then closed and 
a new study taking advantage of the knowledge generated (5a), can begin. 

1.5.2 Field Work 
The studies begins with field work that is inspired by ethnography, which 
means that researchers enter the work environment with a probing and 
explorative attitude, instead of trying to find quick answers to predefined, 
detailed questions [24]. The field work aimed at investigating the work practice 
and investigating what requirements there were for an identified problem. The 
main activities during this phase were participant observations and interviews of 
users and developers, since thorough field work requires both observations and 
interviewing [15]. Gerson and Horowitz [15, p. 203], beautifully express the 
possibilities of interviews and observations: “Whether the method is 
interviewing or observation, direct engagement in the social world focuses the 
sociological eye on the interaction between structure and action – in how people 
are embedded in larger social and cultural contexts and how, in turn, they 
actively participate in shaping the worlds they inhabit.” 
The observations were done by one researcher who sat next to the observed 
person while he or she did ordinary, everyday work. The researcher asked 
questions when there were things that had to be elucidated. The researcher also 
took notes of everything that happened and was said.  
There are different kinds of observations, from participant observations to 
structured observations. Participant observation is mostly used in qualitative 
research. Participant observation means that the observer tries to be a member 
of the observed group, whereas the observer in structured observations takes the 
stand of the ”pure observer” to be able to quantify the behavior”. The 
observations performed during the studies presented here are participant 
observations. An advantage of observations is that they are direct. It is possible 
to get to know people’s views, feelings and attitudes by watching what they do 
and how they do it and by listening to what they say. It is, however, time 
consuming [41]. 
This initial phase also contained interviews with users and developers. 
Interviews can be fully structured, semi-structured or unstructured [41]. Fully 
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structured interviews use predefined questions, often in a predefined order. 
Unstructured interviews are when the researcher has an area of interest, where 
the conversation is allowed to develop during the interview and take any 
direction within that area. Semi-structured interviews are in-between structured 
and unstructured interviews. Predefined questions are used in semi-structured 
interviews, but the wording and the order may be changed, and questions can be 
omitted or added [41].The types of interviews used in this research approach are 
semi-structured and, in combination with observations, unstructured interviews. 
The advantage of interviews is that they are flexible and provide quick answers 
to research questions, but interviews are also time consuming, even though they 
are faster than observations. The preparations and the supplementary work take 
time [41]. 
The danger with participant-observation is that the observations may be 
influenced by the interaction between the observer and the observed [43]. 
Observations are also filtered by the researcher’s experiences, expectations and 
interests. One way of confirming that the researcher has perceived the work 
practice in a correct manner, that the result of the observations is reliable, is to 
go back to the field and let the participants read the notes from the observations 
[10]. This was done in the studies. 
The field studies also involved document studies of specifications and manuals 
of existing systems.  

1.5.3 Prototype 
When a rich picture of the problem is assembled, a software prototype is built 
that is trusted to solve the problem.  The prototype is designed to fit together 
with existing technology and systems at the work place. The basis for the design 
effort when building the prototype is to take advantage of existing software 
practice, such as for example design patterns, to use well known techniques and 
to keep the design as simple and understandable as possible. 
The prototype is designed in cooperation with end users and developers in 
workshops at the work place. The preliminary design of the prototype is 
presented there. This may result in alterations in the design.     
The prototypes presented in this thesis make use of different techniques and 
implement different solutions. Two of the prototypes (Chapter Two and Chapter 
Tree) are more or less proof-of-concept prototypes whereas the third prototype 
(Chapter Six) can be called a case-based prototype, a prototype containing real 
domain-specific data, addressing the work of a particular set of practitioners in a 
specific environment [4].   

1.5.4 Evaluation
As mentioned above, the research approach embraces the idea of cross-
fertilization between design and behavioral research. Therefore, in the 
evaluation, we chose to use the prototype as a mediating artifact to discuss not 
only technical issues but also cultural and social factors in the organization that 
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influence the experienced quality. Using the prototype as a mediating artifact is 
also something that makes the research approach differ from other design 
research approaches. 
Evaluation is done on both a system level (evaluation type A and B in Figure 
1:7) and a use level (evaluation type B and C in Figure 1:7).  
Quinn Patton describes two pure types of evaluation designs consisting of 
different evaluation methods [39]:  

• Pure hypothetical-deductive approach to evaluation:  
Experimental design, quantitative data, and statistical analysis 

• Pure qualitative strategy: 
Naturalistic inquiry, qualitative data and content analysis 

The different methods of evaluation can be combined to produce mixed forms 
of evaluations. Experimental design, qualitative data collection and statistical 
analysis can for example be combined [39]. Which evaluation design to choose 
depends on what the stakeholders want to know, the purpose of the evaluation, 
the funds available and the interests of the researchers [39].  
The evaluation design applied in the research approach presented here can be 
said to be a mixed form: experimental design, qualitative data collection and 
content analysis. 

Evaluation against requirements (A) 
Most software is based on comprehensive, preferably well-defined 
requirements. Building a prototype in a research project narrows down the set of 
implemented requirement to those that are most important to allow exploration 
of the research question. In a research project, evaluating the prototype against 
predefined requirements means ensuring, from a technical point of view, that 
the prototype really has the potential to adhere to the rapidly changing business 
needs. By evaluating against requirements, the evaluators determine whether the 
prototype implements a possible solution for the stated problem. This is done 
through group discussions between the researchers involved. In addition, 
stakeholders at the workplace can also perform evaluation against requirements. 
In order to get a broader view of how well the prototype implements the 
requirements, it is preferable to perform both evaluations. 

Evaluation of technical issues of the artifact (B) 
Evaluation of technical issues can be done at two levels; how the prototype is 
implemented and which technical features the prototype provides for the end 
users. 
How the prototype is implemented involves issues such as the understandability 
and complexity of the prototype’s construction. Researchers do this type of 
evaluation. Which technical features the prototype provides is an issue for both 
researchers and other stakeholders. The researchers can decide whether the 
prototype intends to implement a feature e.g. the researcher has implemented 
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the feature. The other stakeholders, above all the end users, can decide whether 
they feel the feature is implemented in a satisfactory way. End users can carry 
out user tests in order to decide whether the feature is implemented 
satisfactorily.  

Evaluation of environmental effects of the artifact (C) 
A goal for the evaluation is also to find out what is required to realize quality in 
use when employing tailorable systems in a rapidly changing environment. It is 
only the users of the system who can decide if quality in use is achieved.  This 
type of evaluation is done through user tests. An evaluation paradigm that can 
provide rich and nuanced data is used in a specific setting to achieve a rich 
picture of the obstacles and possibilities of the prototype. Observation and 
verbal protocols in a setting close to the real world are employed. The ideal 
situation is to test the prototype in a real world setting, but most often it is 
impossible to perform user tests in the real environment. Factors such as open-
plan offices that make it impossible to video tape the evaluations, or work 
processes involving money make it inconvenient to test the prototype in the real 
environment. The evaluations have to be done in an environment as close as 
possible to the real environment, which means that user tests can be seen as 
experiments.  
The prototype implements a process at the work place and during the evaluation 
the users use the prototype as a replacement in the work process. In this way it 
is possible to discuss obstacles and possibilities with the case-based prototype 
as a mediating object. Accordingly, the users try out the prototype in a setting 
close to the real-world environment with real-world data, whilst they ‘talk 
aloud’ [11, 41] to express how they apprehend, perceive and understand the 
prototype. The ‘talk aloud’ technique is utilized if two users sit together and 
discuss with one other [40]. In this way the conversation becomes smoother and 
the material becomes richer. When the number of end users participating in the 
project is small, a researcher can act as a ‘sparring partner’ for the end user. The 
researcher acts as a participating observer, prompting the end users to talk about 
what they experience. In this way it is possible to compensate for the fact that 
the users evaluate the prototype individually and not together. In addition, it is 
possible to penetrate issues of interest that otherwise may remain undiscovered.  
The evaluations are recorded on video and audio tape, and after the evaluation 
sessions the tapes are transcribed, coded, categorized and analyzed.  

1.5.5 Validity
Validity and reliability of qualitative research is connected to how the research 
is performed. Robson [41] lists some criteria showing what is required of good 
research. The research approach described above is believed to fulfill these 
criteria. 

• The data are collected through multiple data collection techniques 
(observations, interviews, workshops, discussions and document studies).  
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• The research has focused on the participant’s view and the researcher has 
been the data collector in relation to the participants. 

• Participant observations, semi-structured interviews and workshops are 
established methods in ethnographical studies, e.g. are part of an existing 
tradition of enquiry. 

• The research started with an aim of understanding how tailorable systems 
can be used in rapidly changing environments.  

• Chapters Two to Six describes particular cases that in chapter one are set in 
relation to each other and abstracted to a more general level.   

• Good quality research should also reflect the complexity of real life to be 
believable. The methods used are employed because of their ability to 
provide a nuanced, complex set of data. The nuanced data are then used as a 
basis for prototype construction.  

• Interviews and workshops are audio recorded. Notes were taken during 
observations, due to the restrictions on audio recordings in the open-plan 
office. The end user evaluations are video and audio taped and after the 
evaluation sessions the tapes were transcribed, coded, categorized and 
analyzed. Tape recording has three advantages compared with other 
qualitative data [44], for example tapes can be replayed and they are also 
public records, which improves the reliability of the study. To video-record 
the evaluation adds another dimension to the audio tapes, as it is possible to 
see how the user acted as well as hearing what was said in a specific 
situation. By transcribing the tapes it is possible to illustrate the conversation 
in a way that makes it possible to recall not only what was said but also, for 
example, pauses, overlaps, hesitations and enthusiasm. To determine which 
initial categories to use, two or more researchers read through the material to 
discover interesting issues. The preliminary categories were established and 
the researchers coded the material individually. The material was color 
coded, which means that the observations or responses are collected into 
groups of similar topics, and the groups are given a symbol or a code [41], in 
this case a color. The different coding sets are checked for correspondence 
and eventually the categories are brought together and the coded material 
was further analyzed. The conclusion is that a rigorous approach to data 
collection and analysis is taken. 

Even if the criteria for good qualitative research can be said to be fulfilled, there 
are threats to validity that have to be addressed. Robson [41] describes actions 
to make to reduce the threats. 

• By peer debriefing and support, researcher biases can be avoided. 
Peer debriefing and support has been used in several constellations, mainly 
together with members from the UODDS2 research group.  

                                                 
2 Use Oriented Design and Development of Software 
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• By negative case analysis (looking for instances that disconfirm the theory) 
research biases can be reduced.  
During peer debriefing and support one of the researchers often acted as the 
‘devil’s advocate’ posing questions like ‘What is this good for?’, ‘Can it be 
done another way?’ etc. 

• By prolonged involvement, reactivity and respondent biases can be avoided. 
In the projects done in collaboration with partners outside the university, the 
research has involved being stationed at the studied workplace. The 
involvement with the partners has lasted six months and one and a half 
years, respectively. Prolonged involvement can also be a source of research 
bias as the researcher may identify himself as being a part of the studied 
company. This threat has to be dealt with by for example negative case 
analysis or peer debriefing and support. 

• Triangulation can be used to increase the rigor of the research.  
Data triangulation has been used in the form of participant observations, 
interviews, workshops etc. 

• By member checking, the obtained data can be verified. 
The results from the analysis are verified by confirming the results with the 
participants. The verification was done either by presenting the result to the 
participants or letting the participants read the material. The same procedure 
was used to verify observations. Additionally, sub-results were presented at 
meetings together with representatives from the research partners. 

• By an audit trail (keeping full record of the research activities) the results 
become traceable.  
As described above, all field work is documented either by notes or 
recordings. How the analyses are made is documented and a research diary 
is kept, containing thoughts and records of actions.   

Reliability in qualitative research involves showing that the research is done 
thoroughly, carefully and honestly [41] and one way of doing so is by an audit 
trail. All documentation; observation notes, interviews, transcriptions, research 
diary as well as tapes are filed.  

1.6 Project Descriptions 
This thesis is based on five papers. Four of the papers are based on three 
projects briefly presented in this section.  

• Paper I (Chapter Two) is a literature study.  
• Paper II (Chapter Three) is based on Project 1.  
• Paper III (Chapter Four) is based on Project 2.  
• Papers IV and V (Chapters Five and Six) are based on Project 3.  
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The descriptions of the projects consider the origin of the project, the author’s 
involvement, the duration of the project and the prototypes built during the 
project. Findings and results are described in Section 1.7. 

1.6.1 Project 1 
Project 1 was initially a student project performed by the author and another 
student in cooperation with UODDS3 research group at Blekinge Institute of 
Technology. The project started in January 2001 and ended as a student project 
in June the same year. The origin of the project was another student project 
involving several computer science students. The goal of the project was to 
build a flexible prototype intended for handling payments for a telecom 
operator. The aim was to explore how the payment system could make use of a 
very flexible database created during a previous research project [7]. The result 
was a rather complex prototype that was difficult to manage. The complex 
prototype raised the question of how to make a similar application according to 
the same requirements but with an architecture that was clearer and more 
apparent. It is on these premises that Project 1 started. The aim for Project 1 was 
to explore if the metaobject protocol idea could be used for tailorable systems 
whilst at the same time making the structure of the application clearer. The 
metaobject protocol approach means to provide two interfaces to the application 
(base level and meta level interfaces), which makes it possible to manipulate the 
base level through the meta level interface [21]. The student project was 
successful and resulted in a prototype called ContractHandler, but 
improvements to the structure were still possible. Therefore the author 
continued working with the prototype during the summer and the project finally 
ended in September 2001.  

1.6.2 Project 2  
Project 2 was performed in cooperation with a research center in Malmö 
(Interactive Institute AB, The Space and Virtuality Studio4). The research team 
at the studio consisted of artists, engineers, industrial designers, software 
developers, hardware designers, etc. who worked in an open-plan office. The 
research team was, among other things, exploring the area of ubiquitous 
computing in terms of design processes. They were developing a system of 
ubiquitous and intelligent building blocks or physical interfaces, such as tag 
readers, digital cameras, loudspeakers, lamps, buttons etc (jointly called 
ActionBlocks). What was needed was a way to connect the different devices 
into different kinds of configurations dependent on the situation and on specific 
requirements. This is the starting point for Project 2. The author was stationed at 
the studio two to three days a week from January to June 2002. The aim of the 
project was to make a prototype that made it possible to easily connect physical 

                                                 
3 Use Oriented Design and Development of Software. 
4 Interactive Institute AB, The Space and Virtuality Studio ceased to exist in December 2003 
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devices together in different configurations. The work resulted in a prototype of 
an ActionBlock system. 

1.6.3 Project 3  
Project 3 was done in cooperation with the same telecom operator that was 
indirectly involved in Project 1. The project started in October 2002 and ended 
in Mars 2004. Periodically, the author was stationed at the company two to 
three days a week. The employees at the company work in an open-plan office. 
During the time between Project 1 and Project 3, the telecom company had 
invested in making the payment system tailorable by the end user. The system 
handling the data is however inflexible and can only handle specific data sets. 
This limits the flexibility and revealed the need to tailor the communication 
paths and data flow between different systems as well. What was needed was a 
tool for end users to make it possible for them to tailor communications 
between different distributed heterogeneous data sources. Therefore, the goal 
for Project 3 was to explore the possibilities and obstacles of providing the end 
users with such a tool. The physical result of the project was a prototype 
modeling the process of handling unpredicted extra payments. The prototype 
was called EDIT (Event Definer for Infrastructure Tailorability). 

1.6.4 How the Research Approach is Applied in the Projects 
Table 1:1 summarizes how the overall research approach is applied in the 
different projects.  
 
 Project 1 Project 2 Project 3 
 Paper I Paper II Paper III Paper IV Paper V 
Field work - Research Studio Telecom Operator 
Prototype Contract Handler ActionBlock 

System 
EDIT 

Evaluation A A, B A,B,C 
 

Table 1:1 Applied research approach 

As the table shows there was no field work in Project 1. The reason was that the 
requirement elicitation had been done in the previous project modeling the same 
system.  

1.7 Support of Tailorability in a Rapidly Changing Environment 
The objective of the research was to explore what is required for a tailorable 
business system to make it live up to the end users expectations for continuous 
system adaptation to expanding requirements. The prerequisites for the research 
are a rapidly changing environment, end user satisfaction and end-user 
involvement in software tools used in their work. In combination, these 
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Tailoring – a blind spot  
(Paper I) 

confirmation 

confirmation 

RQ
1: Is tailoring enough to deal w

ith expanded requirem
ents? 

confirmation 

 
       RQ2: Is it possible to    
       observe empirically the     
   need for combining tailoring  
    and software evolution and   
   the need for supporting  
   developers’ interaction  
     with tailorable systems? 

  RQ3: Is there a need  
 for cooperation   
 between users, tailors  
 and developers  
 in business  
 environments? 

results results results 

 
   RQ4: From a 

technical  
point of view, how  

can cooperation 
between users, tailors 

and developers be 
supported? 

prerequisites led to a research focus on tailorable systems. Tailorable systems 
can be seen from a user or a system perspective [47]. From a user perspective 
we talk about tailoring, and when we are looking at tailorable systems from a 
system perspective we see adaptable systems. Adaptable systems are discussed 
in the software engineering community in, for example, terms of variability [5, 
49]. What differentiates tailorable systems from adaptable systems in general is 
the possibility for end users to change the application (tailoring). The literature 
study (briefly presented in Section 1.7.1) discusses the relationship between 
tailoring and variability and the study acts as a foundation for the other papers 
in that it presents some issues important to consider when designing tailorable 
systems.  
The thesis is based on five papers, each presented in separate chapters. Figure 
1:8 shows how output from previous studies acts as an input to subsequent 
studies.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 1:8 The relationships between the studies (The arrows show the main results from the 
different studies and the ‘confirmation’-arrows shows that the results from previous study are 

confirmed. The research questions from Section 1.1 arose from the results.) 
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The first paper raised the question of whether tailoring really is enough to 
provide for fast changes in a rapidly changing environment. The second paper 
responds to the question by stating that tailoring has to be combined with 
software evolution. The following papers confirm that statement. Paper two 
discovers other issues important to make tailorable systems a possible solution. 
Paper three confirms the findings and yet new important issues are exposed in 
paper three and confirmed in paper four, and so on.  
The following issues are visible in the studies: 

• Tailoring has to be combined with development done by professional 
developers who can extend the tailoring capabilities when needed.  

• There are three roles (user, tailor, developer) that should cooperate.  
• Collaboration is needed between users, tailors and developers. 
• All roles have to be supported by the design of the tailorable system. 

Tailoring is often associated with the individualization of software, but the 
studies focus solely on expanding requirements originating from changes in the 
environment.   
The following subsections present the five papers contained in the thesis. Rather 
than arranging the papers in chronological order, the papers are arranged to 
form a progressive line of exploration. Each subsection starts with an abstract of 
the paper and a presentation of how the work was done, followed by what the 
study contributes to the thesis and further questions to explore. 

1.7.1 Paper I – Tailoring, the Blind Spot 
In Chapter Two (page 45) a literature study of variability and tailoring is 
presented. Software variability is needed to enable software to fulfill user 
requirements over time and meet changes in, for example, business 
environments. One way to achieve variability is through tailorable systems. 
However, some kind of variability management is needed in order to take 
advantage of variability. In tailorable systems it is the end user who will adjust 
the program to fit altered requirements, for example through run-time 
configuration. In other words, tailoring demands that the variability 
management of the system be left to the end user. In the study three different 
examples of tailoring were presented. Three different tailoring approaches and 
tailorable systems were compared to explore how they implemented and 
managed variability. Differences and similarities between the cases were 
discussed and the outcome was some issues that must be considered when 
variability management is left to the end user.  
The outcome of the study was  

• Issues or questions to consider when designing tailorable systems. 
For example, questions such as ‘What levels of change should be prepared 
for?’, ‘What tailoring interfaces are needed?’ and ‘What implementation 
techniques will best support the alterations?’ were revealed. 
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Question 
When discussing the relationship between tailoring and variability in Chapter 
Two it is stated that tailoring is a kind of variability management. But it is also 
said that tailoring cannot replace all types of variability management. It is clear 
that some variability must be managed by professional software engineers. An 
evident question emerged: 

• Is tailoring enough for dealing with expanded requirements? 

1.7.2 Paper II - Tailoring is not Enough 
Chapter Three (page 71) describes a tailorable prototype, and how it was used 
to test whether the possibility of using the Java reflection API as a means of 
implementing tailoring. The tailoring capabilities of the prototype made the 
system configurable during runtime. The system the prototype was modeled on 
was an application used as a support system by a telecommunications operator. 
In fast changing areas, such as the telecom business, software systems must also 
change. It was possible to anticipate the type and structure of some of the 
changing requirements and the prototype implements tailoring for them. The 
conclusion was that the reflection capabilities offered by Java together with a 
standard Java compiler and the normal Java runtime support were adequate for 
implementing tailoring. Tailorability was achieved by using the metaobject 
protocol idea. This means providing two interfaces to the application (base level 
and meta level interfaces) allowing the manipulation of the base level through 
the meta level interface [21]. 
The study was technical, meaning that it mainly aimed to explore whether a 
specific technical idea (metaobject protocol) was suitable for use in tailorable 
systems. The research methodology corresponds to the research approach 
described in Section 1.4 in that the research question originated from a 
combination of industrial needs and an interesting question from the research 
community’s point of view, but the research also differs from what is presented 
in Section 1.4 The study was a spin-off from a previous project. The prototype 
in the previous project was complex and the study discussed in this section was 
performed to explore if it was possible to use the metaobject protocol approach 
to achieve a more manageable system. The requirements were already assessed 
through a previous project, so field studies have not been used. Additionally, 
researchers performed the evaluation.  

Answers
The study answers the question “Is tailoring enough for handling expanded 
requirements?” which arose in the study presented above in 1.7.1. The answer 
to the question is no, since it was clear that changes not facilitated by the 
tailorable system will eventually be needed. The history of the business process 
supported by the prototype showed that there were likely to be unanticipated 
changes. Therefore, even though it was possible for skilled end users to write 
some java code, the desired changes will exceed the built-in tailoring 
capabilities. Then the software developer must write some java classes and add 
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them to the prototype. Tailorable systems are by nature designed to support use 
and tailoring, and since it was possible to anticipate unanticipated changes the 
prototype was designed to facilitate such changes too. It had to be easy for the 
developer to add new java classes and thereby expand the tailoring capabilities.  
To summarize, the study contributed the following: 

• The study revealed the kind of system that is needed to support both 
anticipated and unanticipated change.  

• There is a need for combining tailoring with software evolution 
activities done by professional developers. 

• There is a need to support developers’ work with tailorable systems in 
use. (Understood that tailors and users can be expected to be supported 
by the system.) 

• The architecture of the prototype shows that it is possible to support two 
dimensions of adaptability (tailor and developer change) in tailorable 
systems. 

Question
Finally, the study brought up a question: 

• Is it possible to observe empirically the need for combining tailoring and 
software evolution and the need for supporting developers’ interaction 
with tailorable systems? 

1.7.3 Paper III - Software Evolution, the Blind Spot of Tailoring 
In the study (presented in Chapter Four, page 87) an architecture combining 
different architectural paradigms was applied in a ubiquitous computing 
environment. The system was required to be able to deal with extremely 
unpredictable use scenarios. Different user roles and their usage of and 
perspectives on the system were used as a starting point for architecture design, 
in order to provide different levels of flexibility. It was possible to distinguish 
three user roles; the user (called the end user in Chapter Four), the tailor (called 
the interaction designer), and the developer (called the ActionBlock designer). 
The tailor configured the system to fit the user’s requirements, and the 
developer provided the tailor with new software components. They all took part 
in the continuous evolution of the system and were regarded as being equally 
important. By explicitly distinguishing the three roles and their use of the 
system, it was possible to design and combine different architectural paradigms 
into an architecture that supported all three roles in an adequate way. When the 
user interacted with the system, it could be regarded as peer-to-peer system. 
When the tailor used the system, it could be seen as a peer-to-peer architecture 
with distributed services. Finally, for the developer the system could be 
regarded as implementing a client-server architecture, as this paradigm suits the 
developer’s requirement for control. The conclusion was that by explicitly 
discerning and equalizing the importance of the three roles and by analyzing 
their use, interaction and perspectives on the system, it was possible to support 
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the different roles by different approaches towards architecture. Thereby, 
different architectures can be combined into an architecture that satisfy all the 
roles and adapt to different kinds of use, to support continuous development of 
the system. 
The methodology used in this study is in accordance with the overall 
methodology presented in Section 1.4. The research question originates in a 
combination of a need in the exploratory research studio and a need from the 
research side to find out how to facilitate for tailors and developers to connect 
physical devices. The different stakeholders’ requirements on the system were 
accessed by field work. The field work consisted of observations of users using 
a similar, static system in an art project, participation in workshops and by 
being a participant in the daily work at the research studio two or three days a 
week during a period of six month. The prototype was built based on the 
analysis of the findings and in accordance with discussions with one of the 
developers at the research studio. The prototype was evaluated by researchers.    

Answers
The study provided an answer to the question “Is it possible to observe 
empirically the need for combining tailoring and software evolution and the 
need for supporting developers’ interaction with tailorable systems?” and the 
answer is yes. Throughout the study the persons involved or the stakeholders 
could clearly be observed to be divided into three roles; users, tailors and 
developers. The different roles advocated three distinct views of the system, all 
with the aim of facilitating their specific interaction with the system. The user 
wanted the system to be as accountable as possible, which means that it should 
be easy for the user to imagine the possibilities inherent in a specific device. 
The tailor wanted to facilitate the configuration of different devices to be able to 
set up new scenarios quickly. Finally, the developer wanted to have control over 
the whole system and its possibilities, at the same time as it should be easy to 
add or change software for the different distributed devices. The study showed 
that it is possible to implement the first two requirements in a tailorable system. 
However, to add new software had to be done manually by a professional 
developer, even though the tailorable system could provide control and facilitate 
the developers’ work by making it easy to add software to devices. 
What could also be observed was the close cooperation between users, tailors 
and developers. It was the way the work was done in the studio. If for example 
a tailor got a new idea, the tailor discussed it with the developer to find out if 
the idea was utilizable. If not, the developer could say: “- No, but if we do it this 
way we get a similar result”. The cooperation was close and intimate. When 
observing the cooperation between the roles it also became apparent that it was 
necessary to regard the roles as equally important, to avoid the negotiations 
becoming biased.   
Accordingly, the contribution of the study is: 

• The need for combining tailoring with software evolution activities done 
by professional developers, in an exploratory environment, is confirmed. 
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• The need to support developers’ work with tailorable systems in use, in 
an exploratory environment, is confirmed. 

• Three distinct roles, users, tailors and developers, were observed.  
• It is necessary to consider users, tailors and developers as being equally 

important to satisfy when designing tailorable systems. 
• A close cooperation between tailors and developers to evolve the system 

in an unanticipated way was observed. 
• The architecture of the prototype shows that it is possible to provide for 

two dimensions of adaptability, to facilitate adaptation of the system by 
both tailors and developers. 

Question
Inevitably, the study raised an obvious question: 

• Is there a need for cooperation between users, tailors and developers in 
business environments too? 

1.7.4 Paper IV - “Together we can do so much” 
The objective of the study (presented in Chapter Five, page 107) was to 
investigate what is required to make it possible for the end users to manage 
system infrastructure. The study was done in cooperation with a telecom 
operator and began with field studies and workshops with users and developers. 
Eventually, an end-user tailorable prototype was developed, to allow evaluation 
of the possibilities for end users to manage system infrastructure. The prototype 
was populated by real business data and used as a mediating artifact in the 
evaluation. The users tried out the prototype by carrying out one of their 
ordinary business tasks whilst they ‘talked aloud’ to express their experience of 
the situation.  The outcome of the evaluation covered the areas of technical 
support, user knowledge, and organizational and cooperative issues. The main 
conclusion was that coordination is needed between the tailoring and software 
evolution activities to enable end users to manage system infrastructure. The 
surrounding information systems as well as the business tasks change due to the 
competitive market, and eventually the boundaries of the tailoring capabilities 
will be exceeded. Therefore, to make it possible for end users to continuously 
manage infrastructure over time, collaboration between users and developers is 
needed. 

Answers 
Since the above (Section 1.7.3) project took place in a rather experimental 
environment it was interesting to see if the findings from the study were valid 
for business systems used on a daily basis. When managing the system 
infrastructure, the tailors were limited to using what is visible on the bus 
system. If the end users want to collect data from a non-published source, they 
have neither the authority nor the skill, or the interest for that matter, to adapt 
the data source. This is the developers’ domain, as it should be. So even in a 
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business setting there is a need for combining tailoring and software evolution 
activities done by professional developers. Since the task performed in the study 
in the telecom company is dependent on data from several surrounding systems 
that in their turn are dependent on one another, there is a need for coordinating 
tailoring activities and evolution activities done in surrounding systems. This 
coordination inevitably requires collaboration between users, tailors and 
developers. Cooperation is also needed to evolve the tailoring capabilities so 
that tailors can continue to do task related development. With several 
surrounding systems, which are administrated by several people, the changes 
that have to be made when some new data is required for a task have to be easy 
to make. The workload for the developers must not exceed the benefit for the 
users and tailors, because then the profit from tailorable systems is lost. The 
advantage with tailorable systems is that the changes are made quickly and even 
if the system-related changes are extensive and take a lot of time, even the task 
related changes would take time. This advocates viewing users, tailors and 
developers as equally important to satisfy when designing tailorable systems. 
Consequently the answer to the question “Is there a need for cooperation 
between users, tailors and developers in business environments too?” is yes. 
Contributions from the study: 

• The need for combining tailoring with software evolution activities done 
by professional developers was confirmed. 

• The need to support developers’ work with tailorable systems in use was 
confirmed. 

• The need of regarding users, tailors and developers as equally important 
to satisfy when designing tailorable systems was confirmed. 

• A need for cooperation between tailors and developers to evolve the 
system in an unanticipated way was confirmed. 

• A need for coordinating tailoring and software evolution activities was 
observed. 

Question
Software is designed for the receivers, the users and tailors, of the system. In a 
situation where the users and tailors want to achieve something specific, 
meaning that developers have to evolve the tailorability capabilities in the 
tailorable system, the developer’s work also has to be facilitated by the 
architecture of the system. It could happen that an alteration takes a couple of 
days or weeks for the developer to do, and the tailor then says “- But this was 
not really what I meant, I want it to be this way instead. Can it be done?”. Even 
if the developer answers “Yes, of course, but if we do it this way it will be less 
extra work for me.”, the developer will not be happy and the collaboration may 
be harmed. Of cause, a part of the problem will be solved by frequent meetings 
while developing the tailoring capabilities, but imagine the same scenario when 
the developer has only spent one or two hours on the job. Then there is a higher 



Chapter One 
Introduction 

 

 

 

 
33 

potential for the developer to accept redoing the work and accept the fact that it 
was possible to deliver exactly what was required. Additionally, the 
collaboration will be satisfactory to all involved parties. But the question is: 

• From a technical point of view, how can cooperation between users, 
tailors and developers be supported? 

1.7.5 Paper V - Supporting Tailoring and Evolution 
This study was a part of the same project as the study above (Section 1.7.4). 
The study is presented in Chapter Six (page 133). The research methodology is 
the same as in the previous section, since the two studies were done in parallel. 
The study explored the opportunity to provide a tool for end users to manage 
system infrastructure. A prototype called EDIT (Event Definer for 
Infrastructure Tailorability) was built and EDIT provided an interface for the 
system infrastructure in a telecommunication company. The design of the 
prototype focused on simplicity and made use of well-known techniques and 
standard systems employed in the company. The outcome showed that it is 
possible, through small means, to provide end users with opportunities to 
manage system infrastructure. This could be achieved by structuring the 
application in a way that clearly separated use, tailoring and further 
development of the tailoring capabilities. The precondition was that there is a 
culture in the company that supports cooperation between users, tailors and 
developers.  

Answers
The answer to the question “From a technical point of view, how can 
cooperation between users, tailors and developers be supported?” is: by 
providing a distinct way for developers (as well as users and tailors) to interact 
with the system and by structuring the tailorable systems so that the concerns of 
the different roles are distinctly separated. The prototype also implements a 
graphical interface for developers. This is not necessary and probably not 
desirable in other tailorable systems, but in this case it was suitable because the 
developers have to interact with the bus system that they are not that familiar 
with. A graphical interface made this interaction easier. The prototype also 
implemented a structure that separated the users’, tailors’ and developers’ points 
of interaction with the system. The developer provided a description of how to 
find data; the tailor used the description to produce another description of what 
data to collect and the user used the tailor’s description to execute the task. The 
developer and the tailor only manipulate ‘their own’ description or building 
block. Using a building block does not change anything. The building block is 
intact even after it has been used. 
The contribution of the study is accordingly: 

• A well-defined developer interface or a well-defined way for the 
developer to evolve the system was observed. 
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• The study shows a way to structure a tailorable system so that the 
system provides support for use, tailoring and further development of 
the tailoring capabilities. All three roles can be supported by distinctly 
dedicating different building blocks in the system for a specific 
interaction, and by keeping the parts clearly separated. The building 
blocks are encapsulated in a general shell that is not affected if the 
building blocks are changed or exchanged. (The same kind of structure 
can be observed in the prototype described in Chapter Three) 

Questions 
The study raised a lot of interesting questions that are out of the scope of this 
thesis, but which will act as input for future research.  

• How should a tailorable system be structured to support users, tailors 
and developers and the cooperation between them? 

• Can the separation of concerns and a division into three parts be 
regarded as a guideline for how to structure tailorable systems? 

• How can different types of tailoring (customization, integration, and 
extension) be supported?  

• Do the different types of tailoring require different system structures? 
• How should the different interfaces be designed? 

1.7.6 Summary
Table 1:2 summarizes the results from the five papers. The table shows in 
which studies the four main results occur. The studies reveal four factors to 
achieve endurable tailorable systems that continuously adapt to a rapidly 
changing environment.    
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The need to combine tailoring and software evolution activities are confirmed in 
all cases. Both empirical studies verify a need for collaboration between users, 
tailors and developers to provide for both anticipated and unanticipated 
evolution. Furthermore, all three prototypes implement two dimensions of 
adaptability to support both tailors’ and developers’ efforts to evolve the 
system. 

1.8 Discussion 
Most users find computers useful because computers can facilitate their work, 
but they are not particular interested in computers and their abilities. A genuine 
interest in computers for its own sake is mostly reserved for people that have 
computers and software as a profession [35]. With this as a background it is 
hard to believe that users want to tailor their systems. But users want to 
customize, specialize, and extend software systems as long as the changes are 
motivated by the task to be performed [35]. The end users also have the ability 
to change the system, whilst they possess the task knowledge needed for 
creating the applications they want and require, as well as the motivation to get 
their work done fast and accurately [35]. 
The end users can be divided into several categories (see for example [14]) but 
this discussion does not benefit from fine-grained distinction between the 
actors. It is enough to divide end users into the categories of users and tailors. 
Tailors are persons that make more or less extensive changes to the system, 
whereas the users use the system exclusively to perform their tasks. The same 
person may occupy the role of both tailor and user, and this is most often the 
case. Both end-user roles and the developer role could be clearly observed in 
the different studies. As we have seen, tailors can be expected to be motivated 
to make changes directly related to their task, to do ‘task driven evolution’, but 
few tailors are interested in making changes that only relate indirectly to their 
work. For example, in Chapter Five the end users refer to the developer when it 
comes to system specific issues beyond their domain knowledge.  
Software evolution made by professional developers is more suitable for 
unanticipated changes. The studies show that it is easy to imagine situations 
where the need for unanticipated changes arises. The tailoring capabilities will 
eventually reach their limit and the capabilities will have to be extended to 
make it possible for the tailors to continue the task driven evolution. The more 
rapidly the business environment changes, the sooner the limit could be 
expected to be reached.  
As we have seen, both tailors and developers evolve a tailorable system but they 
have different objectives for the evolution. Tailors evolve the system to be able 
to perform a task, whereas developers evolve the systems to make it possible for 
the system to be a useful tool for the end users. The developer does ‘system 
driven evolution’. For ordinary software systems that do not have any tailoring 
capabilities the professional developer does both task driven and system driven 
evolution. For task driven evolution to be outsourced to the end users, the 
evolution has to be supported by the system, which means that the boundaries 
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of what can be achieved are narrower than for software evolution performed by 
professional developers. Accordingly, tailorable systems in a rapidly changing 
business environment have to be combined with software evolution performed 
by professional developers. The continuous evolution of tailorable systems in 
combination with software evolution can be represented by the spiral model in 
Figure 1:9.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1:9 Spiral model of evolution of tailorable business systems 

(dashed line = activity performed by professional developers, continuous line: activity performed by end 
users) 

As both of the evolutionary activities are dependant on one another, it is 
necessary to coordinate the tailoring and the systems evolution performed by 
professional software developers.  
When tailoring is discussed in literature, the focus is mainly on how end users 
perform tailoring or how tailorable systems should be designed. The 
developer’s role is only briefly touched upon. For example Stiemerling [47] 
state that Human Computer Interaction efforts often focus on optimizing 
interfaces for non-programmers and that this effort often has “the nice side-
effect of making life easier for programmers as well” [47, p. 33]. The 
professional developer is as essential as users and tailors for tailorable systems 
in a rapidly changing business environment, and to make the tailorable system 
work as intended, the activities of the three roles has to be coordinated. On the 
other hand, when discussing software evolution in the software engineering 
community, the end users are only mentioned briefly. This is reflected in 
Stiemerling’s [47] statement about user and system perspective. He says that the 
user perspective regards the system as a black box while the system perspective 
regards the environment as a black box. This corresponds to the discussion 
about task driven and system driven evolution. From the user perspective, task 
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driven evolution is relevant because it facilitates the end users’ work. How the 
system is supporting the task driven evolution is irrelevant to end users, as long 
as their interaction with the system is practical. For the professional developer, 
the focus is on how to improve the system itself. How the end user performs his 
task is of minor concern, even if it is important to be able to convey the 
expanded requirements of tailoring capabilities. The developers’ task is to 
improve the system. 
It is good that the user and system perspectives are fundamental different, 
presupposing that there is a collaboration between end users and developers, 
because collaboration between different competences widens the boundaries for 
what is possible to do with a tailorable system. Nardi [35] point out that end 
users with different skills cooperate when tailoring and she states that 
“…software design should incorporate the notion of communities of 
cooperative users…” which “…makes the range of things end users can do with 
computers much greater” [35, p. 122]. By extending the cooperation to involve 
professional developers too, ‘things the end user can do with computers’ may 
even increase. 
The prototypes built in the studies were implemented by different techniques, 
with different architectures and for different means. What they have in common 
is they all showed how it is possible to facilitate all three roles’ relation and 
interaction with the system. The design of useful, sustainable, tailorable systems 
should support use, tailoring, and ordinary software evolution and thereby 
facilitate the cooperation between the roles, whilst the work is made easier for 
all of them. Accordingly, tailorable systems deployed in a rapidly changing 
environment should implement two dimensions of adaptability. 
Generalization of research results are always an issue. Qualitative research is 
often performed in a specific setting with a rather restricted number of 
participants who express their points of view. As shown in Table 1:2 the need of 
combining tailoring and software evolution activities to extend tailoring 
capabilities occurred in all studies and the need to support of developers’ as 
well as users’ and tailors’ work in the structure of tailorable systems was 
observed in four of five studies. Table 1:2 also shows that the need of 
coordinating tailoring and software evolution activities and the need of 
cooperation between tailors and developers to evolve the system in an 
unanticipated way are observed in more than one study. The fact that the same 
results can be observed in several studies speaks in favor of the possibility of 
generalizing the result of this thesis beyond the specific settings of the projects. 
It is probable that the result is valid for companies other than telecom operators, 
if the company has support systems or business systems that have to adapt 
quickly or temporarily to adhere to changes in the environment to remain 
competitive.  
It is likely that the result is valid for different kinds of data intensive systems, as 
well as reflective systems with tailoring qualities, that is systems dependent of 
surrounding systems that change. In data intensive systems it is likely that 
tailorability is needed and it is essential to consider all three roles as equally 
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important as it is probable that the amount of data will lead to new demands on 
the tailoring capabilities. Also in reflective systems collaboration between users, 
tailors and developers is essential because it is impossible to anticipate all 
changes in surrounding systems and therefore the tailoring capabilities must be 
extended. 
It can also be expected that companies comprising layered business related 
changes may gain advantages of applying the results in this thesis. That is 
companies where changes in business related tasks affect other tasks that in its 
turn is dependent of sufficient software support. 
Even developers of embedded systems may find it helpful to consider 
cooperation as an issue when designing new systems. For example, an 
embedded system where the results are applicable is the Billing Gateway [8]. 
The Billing Gateway is a system that sorts data records of phone calls and 
distributes the records to billing, statistics and fraud detection systems. The 
Billing Gateway makes it possible to tailor the sorting algorithms in accordance 
to, for example, new fraud indicators [8]. How useful the result is for other 
tailorable embedded systems depends on the frequency and type of changes. 
In companies in an environment with less frequent needs for change, 
cooperation between users, tailors and developers might not be that important. 
Tailoring activities individualizing the systems to better fit the way individual 
employees use the system is not an area that is included in the results. 
Individualization does not directly affect the company’s competitiveness and 
therefore it is less important if the employee has to wait for a change.  
Another case that may not be embraced by the result is when the need for 
change is so comprehensive that large parts of the system have to be 
reconstructed, but it is not likely that such changes are as frequent as minor 
adaptations. 

1.9 Conclusion 
Software evolution can be made by tailoring, but the different studies showed 
that tailoring alone is not always enough to deal with expanded requirements. 
Tailoring has to be combined and coordinated with software evolution activities 
performed by professional software developers when tailoring capabilities has 
to be extended. To coordinate end-user tailoring and software evolution 
activities require continuous cooperation between users, tailors and developers 
to bring together different competences to make a joint effort to evolve the 
system in a desired direction.  
The need for combining tailoring and software evolution activities performed 
by professional developers and the need for supporting not only users’ and 
tailors’ but also developers’ interaction with tailorable systems were empirically 
observed in the studies.  
Also the need for cooperation between users, tailors and developers are 
empirically observed in an experimental environment as well as in a business 
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environment. The studies showed that the cooperation between the parties is 
essential for tailorable systems to evolve beyond the initial tailoring capabilities. 
The three prototypes demonstrate, in three different ways, that it is possible, 
from a technical point of view, to support cooperation between users, tailors and 
developers. By making it easy for both tailors and developers to make changes 
the breeding ground for collaboration is prepared. 
Accordingly, tailoring activities performed by end users and software evolution 
activities involving professional developers have to be coordinated for users to 
be able to experience lasting quality in use. This concerns end-user tailorable 
systems in a rapidly changing business environment. It follows that a 
continuous, close cooperation between the parties is needed for tailorable 
systems to be useful, sustainable and to work as intended, e.g. to adapt to 
continuously expanding requirements irrespective of if the tailoring capabilities 
are sufficient for the required changes or the tailoring capabilities have to be 
extended.   
By taking an overall stand concerning both users, tailors and professional 
developers in the design and implementation of tailorable systems, the 
continuous coordination and collaboration between the parties can be 
facilitated, and since software evolution is nothing but further development of 
software, such a setting is bridging the gap between development and use. 

1.10 Future Research 
This thesis emphasizes the importance of supporting tailorability in software 
evolution to achieve sustainable systems that adapt to extended requirements. 
The support is made possible by collaboration between end users and software 
developers. The collaboration is enriched by the fact that end users and 
developers have different perspectives on evolution, but the collaboration also 
has to be supported by the design and implementation of the tailorable system.  
In Section 1.7.5 some questions that should be answered in future research 
arose.  
How should a tailorable system be structured to support users, tailors and 
developers and the cooperation between them? 
The three prototypes show it is possible to support users, tailors and developers, 
but is it possible to finds some general principles of how tailorable system 
should be structured to support users, tailors and developers and the cooperation 
between them? 
How can different types of tailoring (customization, integration, and extension) 
be supported and do the different types of tailoring require different system 
structures? 
From the user perspective there are different kinds of tailoring; customization, 
integration and extension [16, 30, 31]. From the system perspective there are 
different kinds of variability realization techniques [49] to make software 
adaptable. It is an issue for further research to explore how these phenomena 
relate to each other and how they can be implemented in tailorable systems to 
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support users, tailors and developers, as well as collaboration. In Figure 1:10 the 
relationship between issues discussed in this thesis (plain text) and issues of 
further research (bold text) are shown.   
 
 
 
 
 
 
 
 
 
 

Figure 1: 10 Relationship between this thesis and future research 

How should the different interfaces be designed? 
The evaluations of the prototypes built in the different studies also resulted in 
technical findings concerning interfaces or interaction points for the different 
actors (user, tailor, developer). How these interfaces should be designed to 
support different actors, and in extension the collaboration between the roles, 
might also be an issue for further research.  
Can the separation of concerns and a division into three parts be regarded as a 
guideline for how to structure tailorable systems? 
All three prototypes explicitly implement separation of concerns for the three 
roles. It is a question for further research whether this type of architecture can 
be regarded as a guideline of how to structure tailorable systems for a rapidly 
changing environment. 

1.11 Publications Included in Thesis 
Paper I: Jeanette Eriksson & Olle Lindeberg & Yvonne Dittrich, Leaving 
Variability Management to the End User; a Comparison between Different 
Tailoring Approaches, Technical Report 2003:10. Based on extended abstract in 
the Proceedings of the Software Variability Management Workshop, 
Gronningen, Febr 2003. 
Paper II: Olle Lindeberg & Jeanette Eriksson & Yvonne Dittrich, Using 
Metaobject Protocol to Implement Tailoring; Possibilities and Problems, in the 
Proceedings of the 6th World Conference on Integrated Design & Process 
Technology (IDPT 2002), June 2002. 
Paper III: Jeanette Eriksson & Olle Lindeberg & Peter Warren, An Adaptable 
Architecture for Continuous Development; User Perspectives Reflected in the 
Architecture, in the Proceedings of the 26th Information Systems Research 
Seminar, Finland (IRIS’26), Aug 2003. 
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Paper IV: Jeanette Eriksson & Yvonne Dittrich, Combining Tailoring and 
Evolutionary Software Development for Rapidly Changing Business Systems - 
What is required to make it work? Submitted to Journal for Organizational and 
End-User Computing, May 2005. 
Paper V: Jeanette Eriksson, Can End Users Manage System Infrastructure? - 
User-Adaptable Inter-Application Communication in a Changing Business 
Environment, in the Proceedings of the 4th WSEAS International Conference 
on Applied Informatics and Communications, Spain, Dec 2004 and WSEAS 
Transactions on Computers, 6(3), Dec 2004.  
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In a fast changing world more and more variability is needed in software to 
supply support for higher reusability and prevent the software from expiring too 
fast. This can be seen as the two dimensions of variability, i.e. space and time. 
[15] This article discusses the variability dimension of time. One way to make 
use of this kind of variability is tailoring. With a tailorable system we mean a 
system that is designable when it is in use. This means that some design 
decisions are postponed until the system is up and running. It is the end user 
who will adjust the program to fit altered requirements through, for example, 
run-time configuration. But how does tailoring relate to variability and 
variability management? It is our opinion that tailoring is a kind of variability 
management. In other words, tailoring entails that part of the variability 
management of the system is left to the end user. This special kind of variability 
management places special requirements on how variability is handled; the 
users need special tools and other facilities to help with the variability 
management. This article explores methods for enabling the end user to carry 
out variability management. The prerequisites for the form of variability 
discussed here are built into the software, i.e. the software has a set of variation 
points; it is also possible, however, to feature unanticipated change. This creates 
a need for even more special facilities to make it possible for the end user to 
manage variability. We focus primarily on anticipated variability; we only touch 
on unanticipated changes. 
When you buy an ordinary software product dedicated to a special purpose you 
receive the software and a built-in help system and a manual. Often some kind 
of online support service is also included.  The functionality is static, as are the 
help system and manual. But what happens when the software is designed for 
change and even for unanticipated change? In this article we compare three 
different tailoring approaches to see how they cope with management of 
variability. We provide a comparison between the three approaches concerning 
techniques for implementing variability, the kind of variability and features 
supporting tailoring. We compare our own approach (Chapter Three) with two 
other approaches within the area of tailoring and end-user development, namely 
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Anders Mørch’s work with application units [11, 12] and the research done 
within a project concerning tailorability of CSCW1 systems [13, 14], to be able 
to give some indications of what to consider when designing tailorable systems.  
We start with a discussion about what tailoring is and how it relates to 
variability and variability management. Our position is that tailoring is one side 
of the variability management coin. The other side is the variability of the basic 
system that still will be the responsibility of the developers. Next we present the 
three tailoring approaches in the form of three different applications, focusing 
on implementation techniques, the kind of variability and features supporting 
tailoring. In the following section we compare the different approaches. The 
outcome of the comparison is that although different techniques, different kinds 
of variability and different features are implemented there are similarities 
connecting the three approaches. These similarities depict some issues that may 
act as a foundation when designing tailorable systems. Finally, we articulate 
some implications of what things to be considered when leaving variability 
management to the end user.  

2.1 Tailoring and Variability Management 
It can often be difficult to differentiate between tailoring and use. One way of 
describing tailoring is to say that it is a process which occurs when altering 
solid aspects of the software. If the alteration affects the tool or software itself, 
it is tailoring [6]. One can also define tailoring as an activity which modifies an 
existing software system while it is being used as opposed to changes during the 
development process.[12]. The latter definition is the more appropriate of the 
two for the present discussion. 
Tailoring is often discussed in terms of generic software such as word 
processing or spreadsheets. Tailoring is then a way to adapt the software to 
individual or organizational requirements, this corresponds to the space 
dimension of variability. When discussing tailoring in terms of special software 
design for specific use, tailoring makes it possible for the software to be adapted 
by the users when the tasks and business routines change [3]. Those involved in 
the tailoring process are people in the user organization, e.g. end users, user 
groups and local developers or designers [10]. In this article we use the term 
‘end user’ to represent those working with the system in their daily work.  
Mørch and others have identified three different levels of tailoring [6, 9, 10]. 
The higher the level, the more radical the changes that can be carried out and 
more expert users’ knowledge must be. The three levels are: 
1. Customization or choosing between different expected behaviors. Generic 

software is individualized to meet end user’s requirements by choosing 
between predefined parameters or by setting values on parameters.  

2. Integration or constructing new behaviors out of existing components. One 
could also call this level composition. This allows the end user to add new 

                                                 
1 Computer Supported Cooperative Work 
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functionality to the application without altering the underlying program 
code. The end user connects predefined components which basically 
become an expansion of the origin application.  

3. Extension or altering the artifact. The altered functionality of the application 
is achieved by adding new code.  

As mentioned above, we see tailoring as a kind of variability management. In 
tailoring one step further is taken in postponing some design decisions to an 
even later point in time. The implementation of tailoring is justified because, 
despite a great deal of foresight and good planning for the future, sooner or later 
the situation will change: users change or get new jobs, the organization changes 
and the surrounding world is complex and fast changing etc.[6] This makes 
tailoring advantageous.  
In the figure below (Figure 2:1) we have tried to visualize how we consider 
tailoring in relation to variability and variability management.  
� The cycle starts with the source of variation; the reason why variability is 

needed. In the article “Managing Variability in Software Architectures” 
Bachman and Bass [1] discuss several sources of variation. Variation may be 
needed in function, data, control flow, technology, quality goals and 
environment.[1]  

� Variability is implemented in the software; this phase also requires some 
kind of variability management, of course, but this is not the subject of this 
article.  

� The implementation results in variable software. The variations must be 
employed in some way; this can be achieved by several mechanisms (i.e. 
generators, configuration management systems, compilation and adaptation 
during start-up or normal execution [1, 2]).  

� The variable software and the realization mechanisms are handled by the 
means of variability management. Different actors can manage the 
variability at this stage in different ways: a software engineer or the system 
itself. Some of the variations mentioned in the first point may be taken care 
of by the end user using tailoring. Examples are variations in functionality, 
data, quality goals and environment. For the end user to be able to alter the 
system he needs some assistance in form of help system, documentation, 
visualization in user interfaces or suchlike. We are calling it tailoring 
features.  

� As the system is used new sources of variations occur and the cycle 
continues. 
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Figure 2:1The variability cycle 

The basic principle in tailoring is that the one best suited for handling the 
variability is the person working with the software tool in his/her daily 
work.[12] This differs from how Bosch [2] discusses variability and variability 
management where it is understood that it is the software engineer who handles 
variability. Bosch [2] in his discussions of software evolution is chiefly 
concerned with the evolution of products in the development organization, but 
he also identifies four other types of evolution that occur after the product has 
been installed: post-fielding evolution, run-time evolution, remote evolution and 
customer managed evolution [2]. Tailoring relates, for example, to run-time 
evolution, which means that the system is improved during ordinary operation. 
This type of evolution can be of two different kinds: component replacement 
and architecture evolution, where the architecture changes dynamically. 
Architecture evolution also includes dynamic-component adaptation or 
replacement [2]. In the following sections we see how this is applied in the 
different applications presented. We start with our own approach. 

2.2 Contract Handler  
The prototype presented in this section is an experiment in using the Java 
reflection API as a mean to implement a tailorable system. The background and 
idea behind the experiment was a research project in which we and two 
industrial partners collaborated. The goal of the project was to investigate 
means of developing flexible, adaptable and modifiable software systems (see 
[4]). The system that the prototype was modeled on is an application used by 
one of the research partners that is a telecommunication operator. It was 
possible to anticipate the type and structure of some of the changing 
requirements and for them tailoring is a possible way to make the system 
modifiable.  
The prototype is a partial implementation of a system that described in this 
section. It is necessary to have some understanding of the whole system to 
understand the design of the prototype. The system is used for computing 
certain payments2; these payments are triggered by certain events. The receiver 
                                                 

2 To protect the business interests of our industrial partner we can only give an abstract 
description of the system. 
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of money and how much should be paid are decided by what contract(s) are 
valid for the event.  
The system architecture is described in Figure 2:2. The system can be regarded 
as two loosely connected parts: the transaction handler and the contract handler. 
The transaction handler application manages the actual payments and also 
produces reports, while its database stores data about the triggering events, 
payments and historical data about past payments. (1)3 The data describing the 
triggering events is periodically imported from another system. (2) To compute 
the payments, the transaction handler calls a stored procedure in the contract 
handler’s database. (3) The event is matched with the contracts; several hits 
may occur. Some of the contracts cancel others; others are paid out in parallel. 
We call the process of deciding which contracts to pay ‘prioritization’. (4) The 
result is returned to the transaction handler. (5) The actual payments are made 
by sending a file to the administrative system. 

 

 

 

 

 

 

 

 

 

Figure 2:2 The system architecture 

An important complication in the data model is the categorization of the values 
on which some of the conditions are based. The categorization is dependent on 
other systems, making interaction with the latter essential both when the 
transaction handler matches events with contracts and when a user wants to use 
categories in a contract. 
The contract handler administrates contracts, or rather formal descriptions of 
contracts, in a relational database. The interface enables the user to enter new 
contracts and search for old ones. When entering new contracts, the input is 
checked to ensure the integrity of the data. The main parts of the contracts are: 

• Identification of the contract a version control. 
• Some flags controlling who receives the money. 

                                                 
 3 The numbers refer to figure 2. 
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• Conditions determining if the contract is valid for an event or not. 
• A payment table deciding the amount to be paid. 

The first two parts are common to all contracts; it is the conditions and the 
payment table that differ. 
In order to make the system adaptable to future changes a conceptual model that 
facilitates a meta-model description of the system is needed. The purpose of the 
system is to compute payments according to the stored contracts. Each event 
that triggers a payment has a set of parameters. Today there are only two kinds 
of events, though several other types of events are under consideration for the 
future. In the contracts a condition is meaningful only if the transaction handler 
can evaluate it when payment is due. This leads to the concept of event types: a 
payment is triggered by an event, and all contracts belong to a particular event 
type. Each event type has a set of attributes associated with it that limits what 
conditions a contract belonging to it can have. In the existing system there are a 
number of contract types that are used for different purposes. From the system’s 
point of view these contract types differ in two significant ways: which 
conditions you can add to the contract and how the contracts influence each 
other (if several contracts match the same event one may inhibit the other, or all 
may be paid out). 
In the case study already during the design discussions we constructed a 
conceptual model with four levels of abstraction (see [4]). The actual data that 
is stored describes the contracts the payments are based on. The contracts are of 
several contract types which form the base-level of the abstraction hierarchy. 
Some contract types have nearly the same parameters but are used for different 
purposes while the system is in use; this gives the next level, contract_groups. 
At the top level of the abstraction hierarchy are the event_types where we group 
together contract and payments related to the particular event which triggers 
them. In an object-oriented implementation the actual contracts would be 
objects belonging to the concrete classes in the bottom line. The remainder of 
the classes would be abstract. 

2.2.1 Implementation Techniques 
A general problem is that when you add tailoring capabilities to a system this 
often makes the system more complicated: not only do you have to construct the 
tailoring interface but the basic program may also become more complicated. 
To explore how to avoid this we constructed a prototype using ideas based on 
the metaobject protocol (MOP) approach [8]. The approach originates from the 
CLOS programming language in which it is possible to change program 
behavior by interacting with the runtime system through a metaobject 
protocol[7]. The metaobject protocol is based on the idea that one can and must 
open up programming languages so that the developer is able to adjust the 
language implementation to fit his or her needs. This idea has subsequently 
been generalized to systems other than compilers and programming language. 
In the article “Towards a New Model of Abstraction in the Engineering of 
Software” [8]it is argued that the metaobject protocol concept can be used as a 
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general principle for abstraction in computer science. The idea is that any 
system that is constructed as a service to be used of client application (as, for 
example, an operation system or a database server) should have two interfaces: 
a base-level interface and a meta-level interface [8]. The base-level interface 
gives access to the functionality of the underlying system; through the meta-
level interface it is possible to alter special aspects of the underlying 
implementation of the system so that it suits the needs of the client application. 
The meta-level interface is called the metaobject protocol (MOP).  
The basic principle of the metaobject protocol approach has inspired us to 
transfer the concept to end-user tailorable software. In most systems the end 
user has no access to the implementation of the program; in our approach, the 
end user is given the opportunity to alter or tailor the software should the need 
arise. Our aim is to give the user the opportunity to add components to the 
program in a controlled way which does not require any programming. To do 
this we use a dual-interface: a traditional base-level program and a meta-level 
program that provides tailoring for the base-level program. (Chapter Three) 

2.2.2 Description of the System 
The prototype was produced to test the use of MOP (metaobject protocol) in 
implementing tailoring. This can be seen as an example of an explorative 
prototype [5]. We wanted to gain an understanding of the complexities related 
to this approach. The prototype does not implement the whole system but only 
the contract handler application. Functionality is reduced, especially the 
parameters using categorization of values, are simplified to simple values, the 
primary reason for this being that it allowed us to build a prototype without any 
communication to other systems; in this way development of the prototype was 
greatly simplified. 
The prototype is divided into two levels, the meta-level and the base-level. Two 
catalogues, one storing contract types and the other parameter classes, 
implement the connection between the two levels. In the meta-level of the 
prototype, the new contract types are created and stored in the contract type 
catalogue. In the base-level the same classes are used as part of the program. 
The parameter class catalogue is used by the meta-level to identify which 
parameters exist and by the base-level as part of the program. 
Inheritance, together with the meta representation and the inner structure of the 
contract types, is essential to the prototype. A simplified model, similar to the 
conceptual model described in the section about system architecture (but 
leaving out the group level) is the basis for the prototype implementation. It 
resulted in the class hierarchy presented in Figure 2:3. The events are super 
classes of the contract types. In the conceptual model an ‘Event’ has a set of 
parameters and the contract type is made up of a subset of these parameters. 
This is not possible in Java; instead, there is a specification that defines the set 
of parameters for the contract types in the Event classes. Some parameters are 
compulsory for all contract types belonging to an Event; they are put in the 
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Event so that they are present, thanks to the inheritance principle, in all the 
contracts, e.g. all contracts must have a contract id. 

 

 

 

 

 

 

 

 

 

 

Figure 2:3 Inheritance hierarchy for the contract types 

A contract is essentially a collection of parameters. In the system in use some of 
the parameters are very complex and some even collect values from other 
systems. This makes it natural to represent every parameter by an object. Most 
of the methods in the contracts are implemented using delegation to the 
parameters. For the contracts’ three main methods - checking, storing and 
displaying themselves - there are corresponding methods in the parameter 
classes. This is a vertical design where one class takes care of one type of 
parameter through the whole program instead of the more normal three-layer 
architecture (interface, logic and storing). This design makes it very easy to add 
new parameter classes to the system. 
When the end user wants to create a new contract, i.e. create an object from a 
contract type, all of the concrete classes are fetched from the contract type 
catalogue, their names are presented and the end user chooses which contract 
type to create a contract from. A contract is then created which has parameter 
objects without values. The object displays itself by delegating to the 
parameters. The same principle is used for storing and checking errors. When 
the user has put values in all slots and wants to store the contract, the error 
check is delegated to every parameter object. The parameter object checks that 
the value has the right format and is within the given limits. When a value is 
incorrect, the slot is marked and the user has to put in a new value. Not until all 
values are correct, are the values set in the empty contract.  
The contract types are created in the meta part of the program. The 
ContractHandler contains two tailoring interface: one that does not require any 
programming skill and another more advanced interface requiring basic 
knowledge of Java. We here first describe the simple interface and come back 
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to the advanced interface. When a user wants to create a new contract type all 
existing contract types are displayed. This is done by collecting all the class 
files from the contract type catalogue in which they are stored. The end user 
chooses what contract type she or he wants to have as super class for the new 
contract type. To make it easier for the user to make a decision as to what 
contract type is the most suitable, the parameters and the methods of the 
contract type are also displayed. Java reflection API provides the necessary 
methods for this.  
The next step is to collect all possible parameters for the new contract type. To 
find the set of all possible parameters the program collects all classes in the 
catalog dedicated to parameter classes. All parameters may not be used for all 
Events. This is achieved by putting a filter in the class describing the Event. For 
example, if a parameter 'xyz' is not valid for Event type B, a method that acts as 
a filter is placed in the abstract class Event B (Figure 2:3). 
Thereafter all possible parameters for this Event type are shown to the end user, 
who can select from any of these. A contract type is a composition of 
parameters or in other words the process of combining different parameters 
corresponds to tailoring level 2, integration. The parameters that are inherited 
are automatically selected and cannot be deselected. To find which parameters 
are already present in the selected contract type the program looks into the class 
of the contract type and its super classes with the aid of java.lang.reflect.  
The meta-level of the program is constructed as a meta-model which is 
implemented as classes. The contract types correspond to objects of the class 
Metaobject. Our metaobject is practically the same thing as the classobject in 
Java. We constructed our own version because a classobject cannot exist 
without a corresponding class. This means that it is not possible to create a new 
class from a classobject; as a result, we could not use the classobject alone for 
our purposes. Another factor is that it is important to be able to handle the 
metamethods in a customized way. The relationship between Java's meta-model 
and our extended meta-model is shown in Figure 2:4. 
In our extended meta-model a metaobject is an ordinary Java object, but it 
contains a description of a contract type and thus corresponds to a specific 
contract type. The MetaobjectClass is the class of metaobjects. The 
MetaobjectClass is a description of a general class. When the MetaobjectClass 
is instantiated the fields acquire values. The fields are references to metamethod 
objects, metafield objects and metaconstructor objects, i.e. the MetaobjectClass 
has a field of the Metafield type (the metamethods and the metaconstructors are 
excluded to simplify the example). The MetafieldClass has the field’s name and 
type. When the MetaobjectClass is instantiated a metaobject and a metafield 
object are created and the fields in Metafield acquire their values. The 
metaobject has a reference to the metafield object, and the latter has a reference 
to a parameter. If the contract type is to have a parameter named aCustomer, the 
metaobject must have a metafield object with an instance variable name with 
the value “aCustomer” and an instance variable type with the value of 
"Customer". (Figure 2:4). 
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Figure 2:4 Meta representation 

When the user has made his or her choices as to which parameters the contract 
type is to contain, the class ContractHandlerMOP creates the metaobject 
according to the input values. From the metaobject the source code for the new 
class is generated. The java source code is then compiled and a class file is 
produced. The file is stored in the contract type catalogue. The new object will 
be an integration of components already in the system, a tailoring of level 2 
according to Mørch classification [9]. But it can also be seen as tailoring of 
level 3, extension, because code is added. 
The ContractHandlerMOP is a class that handles the metaobject. All access to 
the metaobject goes via the ContractHandlerMOP. The class also restricts what 
can be done to the metaobject. This can be used to implement business logic to 
control what contract types can be created. 
In the more advanced interface the end user can also add and change methods 
within the new contract type. Since the system will already have constructed a 
working implementation some modifications may be done even by end users 
having only rudimentary knowledge of programming. But the user has full 
access to Java which means that the end user can make unanticipated changes. 
With this interface it is possible for the end user to extend the capabilities of the 
system, a tailoring of level 3 according to Mørch classification [9]. 
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2.2.3 Summing Up 
What tailoring levels are there? 
Answer: The ContractHandler implements tailoring in two different levels: 
integration and extension. When composing a contract type we use integration 
as we choose from among predefined parameter components and assemble the 
set in a contract type. But in creating the contract type itself ‘extension’ is used 
while a new piece of code is added to the system. 
What kind of variability is implemented? 
Answer: The variability is provided by both changing the component 
(adaptation of component) and by composition. Technically the variability is 
achieved by choosing among alternatives or a set of alternatives. The 
alternatives are maintained by wrapping them into a class. In this case, Java 
serves as both the composition and implementation language. Both the 
parameters and the contract types rely on inheritance for consistency. The 
parameters inherit an abstract super class that ensures that specific methods are 
implemented, and when creating new contract types they always inherit an 
Event that makes sure that certain parameters are incorporated in the contract 
type. 
What realization mechanisms are used? 
Answer: To integrate the changes into the system certain mechanisms [1] are 
used. The end user configures the contract type in the meta-level by choosing 
specific parameters. The chosen parameters configure the metaobject in a 
certain way and a generator generates the source code that is compiled. When 
the contract type is compiled and stored it is automatically loaded into the base-
level. The system is adapted during normal execution. 
What features support the tailoring?  
Answer: The contract types are, for example, visible to the end user. The 
content of the contract type can be viewed in the interface, and the source code 
can be read when desirable. The class hierarchy is also visible in the user 
interface. Another thing that increases the usability and flexibility is that there 
are several levels of change: there are the two levels where the end user makes 
contract-types, but it is also possible for a software engineer to add contract 
types in the usual way by coding and saving the class in the catalogue. There is 
no need for any other modification when performing this action. 

2.3 BasicDraw/KitchenDesign 
The work presented in this section is taken from Mørch’s work about 
application units. [11, 12] It addresses the problem of software reuse by creating 
new software from existing systems. The example differs from our approach in 
that it uses generic software as a base for tailoring where the ContractHandler is 
designed for a special purpose. The software system focused on is a generic 
application known as BasicDraw. The varying levels of user experiences and 
organizations’ different ways to accomplish tasks makes it likely that the tasks 
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change as the generic application is being used. The transition between use and 
tailoring is identified by a breakdown. Breakdowns happen when an application 
is no longer sufficient for a task; the breakdown leaves the user, however, with 
a handle into the application. The handle can be used to access the parts of the 
application that have to be dealt with to repair the breakdown. The handle may 
be a button, a menu item or a window. The sequence of commands required to 
repair a breakdown is not totally smooth. Anders Mørch at Oslo University 
works with tailoring issues using components called application units, a fine-
grained approach to solve the problem of breakdown repair. [10] 

2.3.1 Implementation Techniques 
The graphical user interface of a generic application is composed of graphical 
presentation objects such as buttons, windows, toolbars etc. According to 
Anders Mørch’s work the user interface of a tailorable generic application is 
composed of application units. Application units are reusable software 
components associated with GUI widgets, but the application unit is extended 
with event handlers that take care of tailoring events. The structure of everyday 
artifacts acts as a model for application units. The units consist of three parts: 
presentation objects or user interface, rationale, and implementation code. 
Presentation objects reflect the structure of an external task-domain model 
while rationale components reflect the structure of implementation code. But 
rationale components are not interpreted or executed by the computer. The 
rational captures the application’s requirements for design and use. The 
justification of a rationale is that it fills in the gap between the user interface and 
the implementation code, making a gradual transition from use to tailoring 
possible. When using application units the transition is divided into three levels, 
where each level adds tailoring flexibility. The levels are: 
1. Using the system. This is done by interacting with and customizing the 

presentation objects. 
2. Viewing and creating rationales, making the application understandable. 
3. Adding new code as extensions to old. The new code is compiled or 

interpreted and eventually executed. 
The tailoring flexibility requires the end user to master a greater degree of 
computational complexity, but the levels make the transition from one level to 
another easier. [10] 
When transferring from use to tailoring all three parts of the application unit 
have to be reached from the user interface. The presentation object part serves 
as a handle. A handle accepts input from the user and forwards it to the 
application. Event handlers make this possible. An application unit has four 
event handlers. One event handler is a conventional event handler for normal 
use, while the other three are for tailoring activities. An end user may select 
between the different event handlers by pressing different keys (option, shift, 
ctrl, cmd) e.g. by holding down the ctrl key while releasing the mouse button at 
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the top of the menu item, the implementation code beneath the menu item is 
shown. The following actions can be achieved by using event handlers: 

• Normal use-event. The functionality connected to the presentation object 
is executed. 

• Tailoring-event level 1. The values of the attributes of the presentation 
objects can be changed. 

• Tailoring-event level 2. The rationale linked to the presentation object 
can be viewed. 

• Tailoring-event level 3. The implementation code defining the 
presentation object can be inspected. 

When evolving an application all three complexity-levels of an application unit 
might have to change. This corresponds to doing tailoring according to the three 
different kinds of tailoring listed in Section 2.1 Tailoring and Variability 
Management, namely customization, integration and extension. Every 
application unit has three aspects corresponding to the three tailoring levels. 
Every aspect has to be addressed during tailoring because often the other two 
have to be changed while changing one of the aspects. [10] 
The language used in the application is the object-oriented programming 
language Beta. The syntax of Beta does not differentiate between a class, a 
definition of an attribute, structures of types or methods. They are all patterns. 
A pattern definition has an attribute part and an action part; these are mutually 
exclusive. The attribute part defines the properties and the action part defines a 
method that is invoked when the pattern is instantiated. Pattern-attributes can be 
virtual. This means that a pattern-attribute can be extended in subclasses of the 
class in which they were defined. This makes extensions with no overriding 
possible. This is used to support tailoring level 3, extension.[10]  

2.3.2 Description of the System 
The application units have been used in a tool, BasicDraw, for creating and 
editing geometric shapes. BasicDraw is a tailorable generic drawing program. It 
has different tailoring tools embedded making it possible to extend BasicDraw 
into a specialized drawing program for some domain. As an example we assume 
that we want to make kitchen design. For this we need to extend BasicDraw to 
make it possible to draw graphical symbols representing a sink, stove, 
refrigerator, standard sizes of appliances and cabinets. The tailoring is carried 
out in the three levels. The first level, ‘customization’, allows the end user to 
edit attribute values of application units with the aid of a presentation editor. 
The latter can be invoked for all presentation objects. Attributes that can be 
edited are, for example, height and width for shapes or titles of menus or menu 
items [10] i.e. we can make a special “kitchen menu” where we can place or 
special objects (sink, stove, refrigerator etc.) and set the height and width to 60 
cm as well as color the refrigerator square white.  
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The next level of tailoring is integration. In BasicDraw it is possible to resize 
shapes in arbitrary pixel sizes, which is a problem in kitchen design where the 
modules come in fixed sizes. This spots new requirements that have to be 
incorporated in the rationale when implementing a new scale command. This 
will be helpful in future tailoring. Rationale components include representations 
from, for example, the kitchen design domain, modular arithmetic and 
programming. The representations are presented in rationale viewers. The new 
rationale can be created or copied from external sources and pasted into blank 
viewers. They are then saved together with the old rationale in the same 
resource file. Rationale grows continually because old rationale cannot be 
deleted. The design history is thus maintained.[10]  
The most extensive tailoring level is extension. From the user interface it is 
possible to access the existing graphical shapes and make new shapes by first 
copying and then modifying. A graphical shape is a class in the underlying Beta 
system. Here the user has access to all the methods defined in the class. The 
user renames the class, calling it, for example, KitchenCabinet, and writes the 
extension code he need, in our example he can specify that the shape cannot 
become bigger than 60 cm. [10] 
The extension editor makes it possible to tailor the application by changing the 
program code during runtime. Inheritance and virtual binding in Beta can do 
this. The software components are encapsulated as a glass box. This exposes 
program code; the code cannot, however, be modified [12]. The new code is 
built on top of the existing code for safety reasons: none of the old code in 
BasicDraw may then be removed. The end user is not allowed to delete generic 
implementation code but can delete his/her own extensions. Extensions can be 
made to other extensions if necessary. The extension code is saved in an 
extension file. The new code is compiled and must be linked to the existing one 
before the application can be re-executed. The application units are to a large 
extent independent and can be tailored separately from other aspects; some 
application unit aspects are, however, also dependent on others. Changing one 
aspect may therefore require an update of other aspects or interfaces. [12] 

2.3.3 Summing Up 
What tailoring levels are there? 
Answer: The above approach involves tailoring of all three levels: 
customization, integration and extension. But integration has a slightly different 
meaning to that intended in the previous approach. In Anders Mørch’s approach 
integration means that the rationale behind the change is captured and 
incorporated in the application unit. 
What kind of variability is implemented? 
Answer: Variability is achieved by adding code to the components and by 
inheritance, but also through setting parameters to accomplish changes in the 
user interface.  
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What realization mechanisms are used? 
Answer: To carry out the changes the alterations have to be compiled. The 
adaptation is achieved during start-up. 
What features support the tailoring?  
Answer: A useful tailoring feature is that the application units are directly 
available through the user interface. The rationale is also of use because it 
describes the design decisions in a way that is understandable to the end user. It 
facilitates learning to tailor the application. The three levels of change are also 
usable tailoring features. Inexperienced end users can be content with 
customization and when they become more experienced they can inspect the 
rationale and progress to more radical changes of the application units. 

2.4 Search Tool  
In the following section a search tool is presented. This differs from the 
previous approaches in that it makes use of a predefined component model, 
namely JavaBeans. This system is also distributed, while the ContractHandler 
prototype and BasicDraw/KitchenDesigner are stand-alone applications. 
A research team at Bonn University is working with tailoring CSCW-systems. 
They have constructed a search tool that makes it possible for different users to 
tailor the presentation of search results, the handling of search results and the 
search space. The search tool is a part of the POLITeam-system, which provides 
electronic support for the work of the German government in Bonn and Berlin. 
[14] The POLITeam-system provides for asynchronous document-based 
cooperation and shared workspaces in a virtual desktop setting. The project had 
a participatory approach and a number of requirements were materialized that 
could not be addressed by the tailoring mechanisms in the commercial 
groupware platform LinkWorks. Some of these requirements concern the 
LinkWorks search tool that was used to search for documents. The search 
window allowed the user to specify a number of search attributes and the result 
was displayed to the left in the window; the user could also select some 
documents and create links to these documents on his own virtual desktop by 
adding them to the list to the right. The opinions of the functionality of the 
search tool were diverse among the users. Some considered the tool too 
complicated with to many search attributes to fill in while others thought that it 
was good to have the option of filling in several attributes. The users also 
encountered a problem with the power of the search tool. The private virtual 
desktop was thought of as private while it was actually possible to find 
documents on someone else’s presumably private desktop. Some of the users 
also wanted to group their search results; the handling of the selected 
documents was also considered to be inflexible. Moreover, the requirements 
appear to alter over time and the change was quite short-lived and task-
dependent. This resulted in a construction of a component-based tailorable 
search tool that can meet the end users’ requirements. 
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2.4.1 Implementation Techniques 
To construct the tailorable search tool a set of components was designed. There 
are attribute components, invisible components (search engine, result switches), 
button components and output components (result lists). The search tool is 
implemented using the JavaBeans component model. The JavaBeans interacts 
via events. The components depend on three kinds of events. Click events are 
used to transmit user commands from the graphical user interface, from button 
components to the search engine or to an output component. Attribute events 
transmit altered search attributes to the search engine. Result events are used to 
exchange search results, from search engine to result switch or result list, or 
from result switch to result list. [13] 
Of the set of components four different types are atomic: search engine 
(invisible component), result list (output component), result switch (invisible 
component) and control button (button component). The search engine, for 
example, is a complex component that embraces attribute components for the 
search specification and for database connections.[14]  
To be able to maintain the composition of specific components a derivative of 
the Darwin configuration language was used. Darwin was originally used to 
describe the structure of large distributed systems. However, in order to adapt 
the language to the search tool, it was simplified and resulted in CAT 
(Component Architecture for Tailorability). The CAT composition language 
allows specification of static, hierarchical compositions of components.[13]  
To be able to manipulate the internal representation and the connection to the 
actual application a simple runtime tailoring environment based on BeanBox 
was used; this is the IDE supplied by JavaSoft together with the JavaBean 
component model. The user interface and the mechanism for putting together 
the different components were much modified. The new BeanBox shows those 
connections between components and ports which can be manipulated by the 
mouse. The modified BeanBox preserves the composition using CAT 
composition language; it depends on direct connections between components 
unlike the ordinary BeanBox that uses generation of code and compilation. The 
modified BeanBox has two interface modes, both the tailoring and the use 
mode. [13] 

2.4.2 Description of the System 
As mentioned above, the components have a graphical representation that the 
user can combine in different ways. The graphical representation visualizes the 
available ports as small circles. Filled circles indicate event sources or output 
while empty circles indicate the event listener or input. The color of the circle 
indicates if it is an attribute event, result event or a click event. The graphical 
representations are used in a compositional technique that allows the user to 
instantiate new components, link the different ports together, disconnect ports 
or remove instances. Component instances can be grouped into a composite 
component instance. This means that it is possible to view and manipulate a 
composition on different levels of complexity and abstraction which in many 
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cases means that the number of components to combine is reduced. The 
complete search tool can be regarded as a composite component. Alternative 
search tool compositions can be selected from an extensible menu. This makes 
it possible for the end user to tailor the tool very rapidly.[13] Somewhat 
simplified, the search tool has the following functionality: The control button 
triggers the search engine and the search results are transported to a switch,; this 
switch has been customized to channel all documents that correspond to certain 
criteria, e.g. those found on the user’s own desktop, to one specific result list. 
Other documents that correspond to another criterion, found elsewhere, for 
example, are displayed in another result list. [14] 
The modified BeanBox also connects the representation of the composition to 
the actual search tool. This is done by the new BeanBox by reading a CAT-file 
describing the search tool at start-up. Proxy objects or “wrappers” are then 
created which manage a specific instance of a component. When the tailor mode 
is used these proxy objects offer tailoring by appearing as frames around 
component instances. When the tailoring operations are finished the proxy 
structure is assessed and the old CAT file is overwritten. There are two kinds of 
proxy objects: simple proxies that handle the atomic component instances, and 
complex proxies that handle compositions. Complex proxies can have children. 
All CAT-files are saved in a shared dictionary to make it possible for end users 
to share search tool compositions. These CAT files can be selected as menu 
items in both the use and tailoring mode.[13]  

2.4.3 Summing Up 
What tailoring levels are there? 
Answer: This last approach provides for tailoring levels as customization and 
integration.  
What kind of variability is implemented? 
Answer: It is possible to set parameters to customize the search. Attribute 
values are set for the search engine. But there is also a possibility to tailor a 
search tool by choosing between different alternatives or sets of alternatives. It 
is possible to use a search tool that someone else has tailored and make some 
changes to it so that it suits the end users’ needs in a better way. This is a rapid 
way of carrying out tailoring. 
What realization mechanisms are used? 
Answer: When the end user has chosen some components he wants to use in 
his search tool, the component instances are wrapped in as a proxy object to 
manage the components. This is achieved by reading a file written in the 
composition language at start-up. The file consists of the configuration 
representing the set of components the end user has chosen and combined. 
What features support the tailoring?  
Answer: A tailoring feature in the search tool is a list of available components 
and previously configured search tools. The components are described and have 
a clear graphical representation that makes the configuration of a search tool 
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similar to doing a jigsaw puzzle where it is possible to combine the various 
pieces in a variety of ways. A nice tailoring feature is to provide for a “gentle 
slope” of use. Inexperienced users do not have to be concerned with more than 
two types of components: a search component and a display component. When 
the end user becomes more experienced he only has to learn three new 
components (result switch, control button and result list); two of these (the 
control button and the result list) he is already familiar with because they are 
shown in the user interface when using the search tool. This makes for a smooth 
transition to more advanced use of tailorability. 

2.5 Comparison 
This section provide a comparison of the presented applications to find out if 
there are some fundamental issues that is important to consider when designing 
for leaving the variability management to the end user. We identify the 
similarities and differences in the area of implementation techniques, kind of 
variability and tailoring features. 

2.5.1 Implementation Techniques 
It is noticeable that all the approaches have component-based architectures. This 
may indicate that such an architecture is preferable in tailorable systems. One 
can assume that this has something to do with the nature of the components. 
Components are among other things reusable, self-contained and replaceable. 
However, there are both differences and resemblances between the component 
implementation.  
In all three systems tailoring is done by composing the components but the 
complexity in how the composition is done vary, in the ContractHandler it is 
just the selection of which components to include.  In BasicDraw the symbol for 
a kitchen sink is constructed by several basic shapes but here also the relative 
position and size of the components must be given. For the Search Tool we 
have to connect the different components.   
In ContractHandler, the contract types are components composed by other 
components, the parameters. The contract types have no graphical 
representation as such but rely on the parameters to display themselves. The 
parameters have a graphical representation; this determines how the component 
is displayed. A combination of the parameter’s graphical representations forms 
a graphical representation for the composite component, the contract type. To 
integrate the changes into ContractHandler the end user chooses parameter 
components; this configures the metaobject. The source code is automatically 
generated and compiled and the new contract type becomes visible in the base-
level. The system is adapted during normal execution. 
Application units have graphical representation, but Mørch has also chosen to 
add the rationale to the component to describe and guide the end user while 
altering the appearance of the application unit. Just like in ContractHandler 
compilation is also used in BasicDraw/KitchenDesigner, but different to 
ContractHandler adaptation is achieved during start-up. 
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In the search tool JavaBeans are chosen as a base for component development 
where the component has a graphical representation just like application units. 
Adaptation during start-up is also used in the search tool, but instead of 
compilation the chosen components are defined in a configuration file; by 
reading the file at start-up, the chosen component instances are wrapped in as a 
proxy object that manages the components. 
What does this tell us? One thing is that the design decisions concerning the 
structure of the component are greatly related to, for example, how the 
component is represented and what interfaces are needed to facilitate change. In 
other words, independent of that all three applications implement the 
component structure in different ways there is a similarity: The implementation, 
manipulation and representation of the component are related to each other. 

2.5.2 Kind of Variability  
In conclusion we can say that while BasicDraw/KitchenDesign supplies 
tailoring by adding code to the application units, the component itself, the 
search tool in the POLITeam-system’ implements tailoring in a different way, 
by composing customized components. Our prototype implements tailoring by 
making use of a combination of both methods of implementation.   
The ContractHandler implements tailoring in two different levels: integration 
and extension. When composing a contract type we use integration as we 
choose between predefined parameter components and assemble the set in a 
contract type; extension is used to create the contract type itself. In other words, 
variability is provided by both changing the component (i.e. adaptation of the 
component) and by composition. The ContractHandler does not offer tailoring 
by customization while the other two do. Technically, the variability in 
ContractHandler is achieved by choosing among alternatives or a set of 
alternatives. The alternatives are persistently maintained by wrapping them into 
a class. Both the parameters and the contract types rely on inheritance for 
consistency. The parameters inherit an abstract super class that ensures that 
specific methods are implemented; when new contract types are created they 
always inherit an Event that ensures that certain parameters are incorporated in 
the contract type. 
BasicDraw/KitchenDesign involves tailoring at all three levels, but integration 
has a different meaning to that provided by the ContractHandler. In Anders 
Mørch’s approach integration means that the rationale behind the change is 
captured and incorporated in the application unit. But we also have a similarity 
between ContractHandler and the BasicDraw/KitchenDesign application, which 
also adds code to the components and uses inheritance. However, Mørch also 
achieves variability through setting parameters that accomplish changes in the 
user interface. 
The search tool provides for tailoring levels as customization and integration. It 
is possible to set parameters, i.e. attribute values are set in the search engine, 
allowing customization of the search. However, there is greater scope for 
tailoring a search tool if one chooses between different alternatives or sets of 
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alternatives. Another resemblance, between all three applications, is the ability 
to use one’s own designed components as a base for new alterations. This is a 
speedy method of tailoring. It is possible for the end user to use a component 
constructed or altered earlier and simply make some small additional changes to 
it to suit the altered requirements. In the search tool this issue is taken one step 
further. The system is distributed; it is thus even possible to use a tool that 
someone else has tailored and make some changes to it to suit it more closely to 
ones own needs. 
The different approaches are based on different design decisions about what 
parts of the system are to be adaptable. This result in different solutions 
concerning tailoring levels and realization mechanisms. The conclusion is that 
the fundamental design decisions are connected to what component techniques 
to use, what tailoring interfaces to implement and how to integrate help 
systems. 

2.5.3 Tailoring Features  
Tailoring requires tailoring features such as help system, documentation, 
visualization in user interfaces etc. In this area we notice some significant 
similarities between the applications presented. There are three areas which 
emerge from the comparison which must be regarded as essential tailoring 
features: 
Visibility of variation and the component structure are important irrespective of 
whether the person is an end user or a software engineer, but the question in 
both cases is: How much and in what form? Because we are focusing on 
tailoring we concentrate on the end user’s needs. In terms of composition or 
choosing between alternatives or sets of alternatives, the user has to know what 
alternative to choose from and how the components fit into the system.  
In the ContractHandler, visibility of variability is carried out in the meta-level. 
The inheritance hierarchy is displayed to make it easier for the end user to 
choose appropriate contract type to extend. Which parameters can be added or 
altered is defined in the Events and shown to the end user through the dynamic 
user interface. 
BasicDraw/KitchenDesigner demonstrates a different way of displaying 
variability. Through the ordinary user interface the user can click on a 
presentation object when giving a special command, the application unit 
representing the presentation object is reached and the desired tailoring editor is 
displayed. When choosing the customisation level, the options for changing the 
application unit are limited, though the extension level permits more extensive 
changes; even here we have restrictions and help, however. The end user is 
limited to adding code. Old code cannot be deleted, and inheritance is used to 
steer the change in an appropriate direction. 
In the search tool variability is made visible by defining a set of component 
types that can be combined in different ways based on what input events and 
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output events the component defines. The different component types and ports 
are shown in the tailoring interface.  
Regarding the visibility of the component structure, the three approaches have 
also taken different line of action. In ContractHandler we have chosen to show 
the component hierarchy, making it possible to look at the structure of the 
components (attributes, methods etc.). In addition, it is possible to view the 
source code for all the created contract types because the files are available 
through the ordinary explorer.  
Anders Mørch has chosen to add rationale to his application units telling the end 
user about the structure and design decisions behind the component. It is also 
possible to view the source code through the implementation viewer at the 
extension level.  
The component types in the search tool are displayed in the interface. The 
different component types and ports have different shapes and colors to describe 
the component. This is at a higher abstraction level than the other two 
approaches but is more intuitive to use.  
The last joint area is different levels of change. All three approaches have 
implemented different levels of changes corresponding to the skill and 
experience of the end user.  
Also, in ContractHandler there are different levels of change, despite it is a 
prototype. As we have mentioned earlier the ContractHandler contains two 
tailoring interfaces in the meta-level: one that does not require any 
programming skill and another somewhat similar one that is a more advanced 
interface requiring basic knowledge of Java. We have limited the flexibility for 
the end user in the simple tailoring interface, but when the end user becomes 
more experienced or interested it is possible to use the more advanced tailoring 
interface and implement, for example, method bodies in a more complex way. 
The next level of change is to code the contract type by hand and put the file in 
the right catalogue.  
Just as in ContractHandler, there are different levels of tailoring in 
BasicDraw/KitchenDesign. The different levels require different levels of skill. 
An inexperienced user can be satisfied with customizing the presentation 
objects, but after a while he can view the rationale or the source code in the 
implementation viewer and add some code in the extension editor.  
In the SearchTool there is something called the ‘gentle slope’. This means that 
an inexperienced end user can begin tailoring the system at the most simple 
level and gradually become familiar with some of the components; the tailoring 
possibilities are subsequently increased by using more component types.  
Tailoring features are implemented in different ways in the three tailoring 
approaches, but significant similarity is that they all have the same overall 
theme for the tailoring features. They all have visibility of the variability, 
visibility of the component structure and different levels of change. The 
differences in implementation are generated by the differences in the design of 
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components, how the components are represented, how the tailoring interfaces 
are designed and what techniques that are used.  

2.6 Conclusions and Open Questions 
The presented tailoring approaches show how applications can be altered by end 
users. The end user can change the system as soon as the need arises. This is 
what really makes tailoring a feasible way of managing variability. The needed 
alterations come into force immediately. There are not any middle hands.  
As we have seen there are different ways of implementing tailoring. From the 
comparison above some similarities emerge and when taking the similarities 
into higher abstraction level some indications surface, indications of questions 
important to consider when implementing variability management in form of 
tailoring. 
Design decisions, like what parts of the system are going to be adaptable and 
what components to use initiate some related questions. When designing a 
tailorable system the designer has to decide how the basic units are going to be 
structures. Questions concerning design of components and representation of 
components arise. For example:  

• How shall the component be designed for change?   

• How shall the component be visualized?  
The designer also has to consider how the basic units can be combined or 
changes. We have seen that the three levels of tailoring can be implemented 
using different techniques and interfaces. These are areas the designer has to 
decide upon. Certain questions have to be answered. Questions like:  

• What implementation techniques will best support the alterations? 

• What tailoring interfaces are needed? 
Another area of significant importance to regard when designing tailorable 
systems are how to support tailors in the process of altering the application. We 
have seen that different levels of change are provided for in all three presented 
tailoring approaches. We have also seen that visible help systems are useful. 
Important questions to answer are: 

• What levels of change shall be prepared for? 

• What help systems are needed? 
Finally, this article has provided a comparison between three different tailoring 
approaches and indicated what is needed if variability management is to be left 
to the end user. However, there is still much research left to do to confirm and 
develop the articulated indications.  
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Chapter Three 

Using Metaobject Protocol to Implement Tailoring 
 Possibilities and Problems 

 
The 6th World Conference on Integrated Design & Process Technology, 2002 

Olle Lindeberg, Jeanette Eriksson, Yvonne Dittrich 

This article is based on an experiment in using the Java reflection API [12] as a 
means of implementing a tailorable system. The background and idea behind 
the experiment was a research project in which we and two industrial partners 
collaborated. The goal of the project was to investigate a means of developing 
flexible, adaptable and modifiable software systems. The system that the 
prototype was modeled on is an application used by one of the research partners 
that is a telecommunication operator. It was possible to anticipate the type and 
structure of some of the changing requirements and for them tailoring [4] is a 
possible way to make the system modifiable. To read more about the project see 
‘Designing for changing work and business practices’ [1]. The other partner had 
developed a meta-model database system. During the research project we 
developed several prototypes to test how to make a tailorable system using this 
database. At the same time a normal system development was carried out at the 
company. The resulting system has only limited tailoring capabilities. The need 
to make the software adaptable was instead satisfied by making the software 
easy to modify. This was achieved by making the software in components, 
which with only a little programming effort can be assembled in new 
configurations. 
There were several reasons why the meta-modeling database tested in the 
prototypes were not used in the system. Here we will take up only one of these: 
the system seemed to become too complicated when tailoring was added to all 
other requirements. This is an example of a general problem; when you add 
tailoring capabilities to a system this often makes the system more complicated: 
not only do you have to construct the tailoring interface but the basic program 
may also become more complicated. To avoid this we constructed the prototype 
using ideas based on the metaobject protocol (MOP) approach [7]. The 
prototype described here is a combination of the MOP approach and the 
components used in the system development mentioned earlier. This 
combination results in the meta-programming approach; this prototype is less 
complex than those implemented earlier on in the project  
We start by giving a sketch of what a metaobject protocol is, and more 
particularly, what it is in Java. We then give a description of the software 
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architecture of the complete system. The prototype implements only part of the 
system. Following the software architecture are the design and implementation 
of the prototype. Finally, some conclusions from the prototype are drawn. 

3.1 The Metaobject Protocol 
The metaobject protocol approach originates from the CLOS programming 
language in which it is possible to change program behavior by interacting with 
the runtime system through a metaobject protocol [5].  
The metaobject protocol is based on the idea that one can and must open up 
programming languages so that the developer is able to adjust the language 
implementation to fit his or her needs. This idea has subsequently been 
generalized to systems other than compilers and programming language. In [6] 
Kiczales argues that the metaobject protocol concept can be used as a general 
principle for abstraction in computer science. The idea is that any system that is 
constructed as a service to be used of client application (as for example an 
operating system or a database server) should have two interfaces; a base-level 
interface and a meta-level interface [6]. The base-level interface gives access to 
the functionality of the underlying system and through the meta-level interface 
it is possible to alter special aspects of the underlying implementation of the 
system so that it suits the needs of the client application. The meta-level 
interface is called the metaobject protocol (MOP). Simply put, a MOP is a set of 
rules by which to manipulate and communicate with metaobjects. 

• A MOP shall consequently:  
o Provide extended control over the behavior of the system.  
o Have a clear division between the base-level and meta-level 

interface. 

3.2 Tailoring and Meta Modeling 
We have adopted a different approach towards the metaobject protocol. The 
idea of the metaobject protocol approach has inspired us to transfer the concept 
to end-user tailorable software. In most systems the end user has no access to 
the implementation of the program; in our approach the end user is given the 
opportunity to alter or tailor the software should the need arise. Our aim is to 
give the user the opportunity to add components to the program in a controlled 
way which does not require any programming. To do this we use a dual-
interface: a traditional base-level program and a meta-level program that 
provides tailoring for the base-level program. 
The distinction between a computational base level and a tailoring meta level is 
a useful one in a tailorable system. In the same way as in a metaobject protocol, 
the base-level implements what the system normally does. At the meta level you 
can change what the base level does. The two levels are also often separated in 
the user interface with a separate tailoring interface. The same separation may 
exist in the internal design. 
Perhaps the obvious way to do this is to let the base-level program be controlled 
by meta-data which stores the choices the user has made when tailoring. If the 
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tailoring possibilities affect a large part of the program, the base-level program 
may become littered with tests for the value of the meta-data. If the tailoring is 
complicated the result may be that the base-level program looks more like an 
interpreter of the meta-data than a straightforward program. We call this method 
of implementing tailoring the meta-data approach. 
The alternative way to implement a tailorable system, the meta-programming 
approach, is closely linked to the metaobject protocol approach. With the meta-
programming approach the base-level program is a normal program which 
performs the normal computation only. When the system is tailored by the 
meta-level this is implemented by changing the base-level program. To be able 
to do this we must be able to change (or at least add to) the program during 
execution. In Java this is possible since new class libraries may be loaded and 
linked during runtime. Another question is, “where is the meta-level description 
of the current configuration of the system stored?” In the meta-data approach 
the meta-level can inspect the meta-data to see how the program is configured;  
it is the meta-data that will be changed during tailoring. In the meta-
programming approach the base-level does not need any meta-data. The radical 
solution is to take away the meta-data from the meta-level too. This means that 
it is the base-level program itself that is the meta description of the current 
configuration. This is the method we have chosen in the prototype.  
We have used Java to implement the meta-programming approach. When 
tailoring activities changes the program the changes are implemented by 
compiling new class libraries (this is done by the compiler in JDK). The new 
class libraries are loaded and linked in during runtime. To obtain information of 
the program we have used the - rather weak - reflection abilities in Java 
reflection API. 

3.3 Reflection in Java 
Tailoring will change the program; the latter does not know in advance what  
the changes will look like. To discover what a new class contains, we need 
reflection capabilities. In a computational system reflection is the capability of 
an object to, for example, “reason about and act upon itself” [9].  
There are two types of reflection: introspection and intercession [10]. The 
purpose of introspection is to acquire information about the program itself and 
to use that information within the program. Intercession goes further. It allows 
the program to alter its own behavior. Different programming languages have 
different reflection capabilities. Languages such as Lisp or Smalltalk have both 
introspection and intercession, while Java is basically introspective only. Java's 
meta-model is shown in Figure 3:1. In Java, every class has a meta description 
which is represented by an object; an instance of the class “Class.” This object 
is a metaobject. While ordinary objects describe the world, metaobjects describe 
the ordinary objects. In other words, the metaobject is an object that contains 
information about the ordinary object (base object) [3]. The metaobject may 
control the execution of the base object [11]. The metaobjects together with the 
ordinary objects are part of a meta-model.  
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The reflection API in Java provides information about modifiers, methods, 
instance variables, constructors and the super classes of a particular class. It 
allows you to create an instance of a class although you do not know the name 
of the class until runtime. It is also possible to invoke a method on an object 
without knowing the name of the method during coding.  

 
 
 
 
 
 
 
 
 
 
 

Figure 3:1 A part of the Java meta-model 

Accordingly, it is java.lang.reflect which makes it possible to inspect the 
content of the class [12]. However, in Java 1.3, the Dynamic Proxy API was 
introduced making it possible to alter the behavior of an object in runtime. We 
have not used the proxy concept but instead alter the program by adding new 
classes using the compiler in JDK. 

3.4 The System Architecture 
The prototype was produced to test the use of MOP in implementing tailoring. 
The prototype is a partial implementation of a system described in this section. 
It is necessary to have some understanding of the whole system to understand 
the design of the prototype. The system is used for computing certain 
payments1; these payments are triggered by certain events. The receiver of 
money and how much should be paid are decided by what contract(s) are valid 
for the event.  
The system architecture is described in Figure 3:2. The system can be regarded 
as two loosely connected parts: the transaction handler and the contract handler. 
The transaction handler application manages the actual payments and also 
produces reports while its database stores data about the triggering events, 
payments and historical data about past payments. (1)2 The data describing the 
triggering events is periodically imported from another system. (2) To compute 
the payments, the transaction handler calls a stored procedure in the contract 

                                                 
1 To protect the business interests of our industrial partner we can only give an abstract 
description of the system: it is our opinion that this does not affect the conclusions we draw. 
2 The numbers refer to figure 2. 
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handler’s database. (3) The event is matched with the contracts; several hits 
may occur. Some of the contracts cancel others; others are paid out in parallel. 
We call the process of deciding which contracts to pay ‘prioritization’. (4) The 
result is returned to the transaction handler. (5) The actual payments are made 
by sending a file to the administrative system. 
 
 
 
 
 
 
 
 
 
 

Figure 3:2 The system architecture 

An important complication in the data model is the categorization of the values 
on which some of the conditions are based. The categorization is dependent on 
other systems, making interaction with the latter essential both when the 
transaction handler matches events with contracts and when a user wants to use 
categories in a contract. 
The contract handler administrates contracts, or rather formal descriptions of 
contracts, in a relational database. The interface enables the user to enter new 
contracts and search for old ones. When entering new contracts, the input is 
checked to ensure the integrity of the data. The main parts of the contracts are: 

• Identification of the contract and version control. 
• Some flags controlling who receives the money. 
• Conditions determining if the contract is valid for an event or not. 
• A payment table deciding the amount to be paid. 

The first two parts are common to all contracts; it is the conditions and the 
payment table that differ. 
In order to make the system adaptable to future changes a conceptual model that 
facilitates a meta-model description of the system is needed. The purpose of the 
system is to compute payments according to the stored contracts. Each event 
that triggers a payment has a set of parameters. Today there are only two kinds 
of events, though several other types of events are under consideration for the 
future. In the contracts a condition is meaningful only if the transaction handler 
can evaluate it when payment is due. This leads to the concept of event types: a 
payment is triggered by an event, and all contracts belong to a particular event 
type. Each event type has a set of attributes associated with it that limits what 
conditions a contract belonging to it can have. In the existing system there are a 
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number of contract types that are used for different purposes. From the system’s 
point of view these contract types differ in two significant ways: which 
conditions you can add to the contract and how the contracts influence each 
other (if several contracts match the same event one may inhibit the others, or 
all may be paid out). 
Already during the design discussions we constructed a conceptual model with 
four levels of abstraction (see Figure 3:3). The actual data that is stored 
describes the contracts the payments are based on. The contracts are of several 
contract types which form the base level of the abstraction hierarchy. Some 
contract types has nearly the same parameters but are used for different purpose 
in the use of the system; this gives the next level, contract_groups. At the top 
level of the abstraction hierarchy are the event_types where we group together 
contract and payments related to the particular event which triggers them.  

 
 
 
 
 
 
 
 

Figure 3:3 Type Hierarchy 

In an object-oriented implementation the actual contracts would be objects 
belonging to the concrete classes in the bottom line. The remainder of the 
classes would be abstract. 

3.5 The Prototype 
The reason for producing the prototype construction was to investigate the 
feasibility of using Java's meta-programming possibilities to construct a 
tailorable system. This can be seen as an example of an explorative prototype 
[2]. We wanted to gain an understanding of the complexities related to this 
approach. The prototype does not implement the whole system but only the 
contract handler application. Functionality is reduced, especially the parameters 
using categorization of values are simplified to simple values, the primary 
reason for this being that it allowed us to build a prototype without any 
communication to other systems; in this way development of the prototype was 
greatly simplified. 
The prototype is divided into two levels, the meta-level and the base-level. Two 
catalogues, one storing contract type and the other parameter classes implement 
the connection between the two levels. In the meta-level of the prototype, the 
new contract types are created and stored in the contract type catalogue. In the 
base-level the same classes are used as part of the program. The parameter class 
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catalogue is used by the meta-level to know which parameters exist and by the 
base-level as part of the program. 
Inheritance, together with the meta representation and the inner structure of the 
contract types, is essential to the prototype. A simplified model, similar to the 
conceptual model described in the section about the system architecture – but 
leaving out the group level – is the basis for the prototype implementation. It 
resulted in the class hierarchy presented in Figure 3:4. The events are super 
classes to the contract types. In the conceptual model an Event has a set of 
parameters and the contract type is made up of a subset of these parameters. 
This is not possible in Java; instead there is a specification that defines the set of 
parameters for the contract types in the Event classes. Some parameters are 
compulsory for all contract types belonging to an Event; they are put in the 
Event so that by inheritance they are present in all the contracts, e.g. all 
contracts must have a contract id. 
 
 
 
 
 
 
 
 
 
 

Figure 3:4 Inheritance hierarchy for the contract types 

One problem is that the contracts should be stored for a long time; all contracts 
ever entered into the system are kept to preserve its history and ensure that old 
payments are traceable. This is a problem when a change is made in a contract 
type as the system must still be able to store and display old contracts according 
to the old type. For this reason, all contract types from the beginning are defined 
as both an abstract class (e.g. ContractAB) and a concrete subclass 
(ContractAB_1). When a minor change is made to a contract type this may then 
be done by making a new concrete class, as ContractAB_2 in Figure 3:4.  

3.5.1 The Base-Level of the Prototype 
A contract is essentially a collection of parameters. In the system in use some of 
the parameters are very complex and some even collect values from other 
systems. This makes it natural to represent every parameter by an object. Most 
of the methods in the contracts are implemented using delegation to the 
parameters. For the contracts’ three main methods - checking, storing and 
displaying themselves - there are corresponding methods in the parameter 
classes. This is a vertical design where one class takes care of one type of 
parameter through the whole program instead of the more normal three-layer 

ContractBA ContractAB ContractAA 

= abstract class

= concrete class

ContractABA 

Event 

ContractAB 2
ContractABA 1
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architecture (interface, logic and storing). This design makes it very easy to add 
new parameter classes to the system. 
When the end user wants to create a new contract, i.e. create an object from a 
contract type, all of the concrete classes are fetched from the contract type 
catalogue, their names are presented and the end user chooses which contract 
type to create a contract from. Then a contract is created which has parameter 
objects without values. The object displays itself by delegating to the 
parameters. The same principle is used for storing and checking errors. When 
the user has put values in all slots and wants to store the contract, the error 
check is delegated to every parameter object. The parameter object checks that 
the value has the right format and is within the given limits. When a value is 
incorrect, the slot is marked and the user has to put in a new value. Not until all 
values are correct, are the values set in the empty contract. The primary problem 
with the delegation principle is that it is inadequate where parameters are in 
some way dependent on each other. It is possible for a parameter to access 
another parameter within the same contract by using a parent reference that all 
parameters have.  

Following is a summary of how to create a new contract: 
• The prototype collects the contract types from the contract type 

catalogue. 
• The end user selects a contract type to make a contract from. 
• An empty contract is created from the contract type, the display method 

of the object is called and the parameters display themselves to the user. 
• The user puts in values for the parameters. 
• The prototype checks the values; when these are correct they are set in 

the empty contract. A contract is created. 
• The contract is stored in a similar way. 

3.5.2 The Meta-Level of the Prototype 
The contract types are created in the meta part of the program. When a user 
wants to create a new contract type all existing contract types are displayed. 
This is done by collecting all the class files from the contract type catalogue in 
which they are stored. The end user chooses what contract type he wants to 
have as super class for the new contract type. To make it easier for the user to 
make a decision as to what contract type is the most suitable, the parameters and 
the methods of the contract type are also displayed. Java reflection API provides 
the necessary methods for this.  
The next step is to collect all possible parameters for the new contract type. To 
find the set of all possible parameters the program collect all classes in the 
catalog dedicated for parameter classes. All parameters may not be used for all 
Events. This is achieved by putting a filter in the class describing the Event. For 
example, if a parameter 'xyz' is not valid for Event type B a method that acts as 
a filter is placed in the abstract class EventB (Figure 3:4). 
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Thereafter all possible parameters for this Event type are shown to the end user 
for him to select from. The parameters that are inherited are automatically 
selected and cannot be deselected. To find which parameters are already present 
in the selected contract type the program looks into the class of the contract type 
and its super classes with help from java.lang.reflect.  

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3: 5 Meta representation 

The meta-level of the program is constructed as a meta-model which is 
implemented as classes. The contract types correspond to objects of the class 
Metaobject. Our metaobject is in a way the same thing as the classobject in 
Java. We constructed our own version because a classobject cannot exist 
without a corresponding class. This means that it is not possible to create a new 
class from a classobject; as a result we could not use the classobject alone for 
our purposes. Another factor is that it is important to be able to handle the 
metamethods in a special way. The relationship between Java's meta-model and 
our extended meta-model is shown in Figure 3: 5. 
In the our extended meta-model a metaobject is an ordinary Java object, but it 
contains a description of a contract type and thus corresponds to a specific 
contract type. The MetaobjectClass is the class of metaobjects. The 
MetaobjectClass is a description of a general class. When the MetaobjectClass 
is instantiated the fields acquire values. The fields are references to metamethod 
objects, metafield objects and metaconstructor objects, e.g. the MetaobjectClass 
has a field of the Metafield type (the metamethods and the metaconstructors are 
excluded to simplify the example). The MetafieldClass has the field’s name and 
type. When the MetaobjectClass is instantiated a metabject and a metafield 
object are created and the fields in Metafield acquire their values. The 
metaobject has a reference to the metafield object and the latter has a reference 
to a parameter. If the contract type is to have a parameter named aCustomer, the 
metaobject has a metafield object with an instance variable name with value 
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“aCustomer” and an instance variable type with the value of "Customer". 
(Figure 3:6).  
 
 
 
 
 
 
 
 
 
 
 

Figure 3:6 An example 

When the user has made his or her choices as to which parameters the contract 
type is to contain, the class ContractHandlerMOP creates the metaobject 
according to the input values. From the metaobject the source code for the new 
class is generated. The java source code is then compiled and a class file is 
produced. The file is stored in the contract type catalogue.  
The ContractHandlerMOP is a class that handles the metaobject. All access to 
the metaobject goes via the ContractHandlerMOP. The class also restricts what 
can be done to the metaobject. This can be used to implement business logic 
controlling what contract types can be created. 
Following is a summary of how to create a new contract type: 

• The prototype collects the contract types from the contract type 
catalogue and displays the names of the contract types and their 
parameters and methods to the end user. 

• The end user selects a contract type on which the new one is to be built. 
• The contract type is inspected and the parameters of the contract type are 

displayed. All the parameter classes are collected from the parameter 
catalogue and filtered by the Event type; the result is displayed for the 
user. 

• The user chooses the parameters for the new contract type. 
• The program constructs a corresponding metaobject with its metafield, 

metamethod and metaconstructor objects. 
• The metaobject is translated into Java source code. 
• The Java source code is compiled and the resulting class file is stored in 

the contract type catalogue. 
• The contract type can be used by the base-level of the prototype. 
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3.6 Discussion 
During the project three prototypes were implemented along with the system 
that is in operation today. The last prototype is the one that is described in this 
article. The other two prototypes were for the contract handler (with essentially 
the some functionality as in the prototype described) and for the "compute 
payment" function respectively. These two prototypes were constructed with the 
help of the meta-model database that was the starting point of the project. They 
are examples of the meta-data approach mentioned in the Section 3.2 above, for 
a description of these prototypes see [8]. There are parallels between using a 
meta-model database and the MOP prototype. In the meta-level of the program 
the meta database structure and the object structure of the program are inspected 
respectively. The difference comes in the base-level part: the meta database 
prototypes were both complicated and slow since it had to inspect the database 
to establish the structure of a contract type; it also had to inspect the database to 
see how a parameter looked. 
When we compare the earlier prototypes with the one described in this article 
the latter is less complex (it has taken less time to develop it). The interesting 
question is why this is the case and it is important to see if we can draw any 
general conclusions from this. 
One of the reasons why meta-programming was so convenient in the example 
described here is that it is not the functionality of the program which is changed 
by the tailoring interface but the model of the data in the program. The base-
level program has the same functionality in spite of the alterations. If the 
tailoring had aimed at extending functionality, for instance, with the aid of 
macro capabilities, the task would have been complicated in the meta-
programming approach. An interesting question is if there is a complementary 
principle here: when tailoring changes functionality use meta-data approach and 
when tailoring changes the data model uses the meta-programming approach. 
Our results seem to point in this direction. 
Another advantage of the MOP prototype is the loose coupling between the 
meta and the base part of the program and between the contract types, the 
parameters and the base-level. This makes the base-level part simpler. By 
separating the meta- from the base-level we were able to use standard software, 
which means that at least the base-level is maintainable without any special 
competence in MOP. 
Jet another advantage of the MOP approach is the opportunity it presents to 
handle unanticipated changes by hand-coding objects. There is always a limit to 
how far we can get with tailoring since the latter only takes care of anticipated 
types of changes and there will always be changes in the requirements which 
cannot be anticipated. In the MOP prototype, hand-coding contracts or new 
parameter classes can handle some such changes. This goes beyond normal 
tailoring activity and is part of the maintenance of the system. The advantage of 
the MOP approach described here is that it is easy to mix hand-coded and 
automatically constructed objects.  
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A new contract type can be coded by hand and put in the contract type 
catalogue. It will be used in the same way as contract types constructed within 
the program. Such a hand-coded contract type can be modified later by regular 
tailoring. 
One example of this could be a contract type where two parameters depend on 
each other; if one parameter has a value the other must also have one. We can 
implement such an example by first using tailoring to let the system construct 
the contract type without any check between the parameters. Then a 
programmer can modify the code by adding the constraint between the 
parameters to the checking method in the contract type. Should we subsequently 
wish to make a small modification in the contract type, by adding a parameter, 
for example, this can be done using the normal tailoring interface.  
In the same way it is possible to add new parameter objects by simply placing 
the compiled parameter class in the parameter catalogue. The parameter class is 
then ready to be used in the usual way by the program; no other code in the 
system needs to be changed but the new parameter class must obviously be 
hand-coded by a programmer. The new hand-coded contract type or parameter 
class must follow the pattern for how a contract type or a parameter class has to 
be structured. We believe this possibility of mixing hand-coded and 
automatically generated objects is a general advantage of the meta-
programming approach.  
One of the reasons that tailoring was not implemented in the real system 
development that was part of our research project was that the automatically 
generated user interfaces would not have been of an acceptable quality. This is a 
problem that occurs whenever tailoring is used to generate user interfaces. The 
meta-programming approach enables the user to alleviate the problem by 
making hand-coded interfaces for the contract types that are in the system right 
from the beginning so that they have good user interfaces. When new contract 
types are subsequently added by tailoring, less user-friendly interfaces will 
result; this may be acceptable, and in our case study it would have been an 
option since the alternative is to handle payments by hand. 

3.7 Concluding Remarks 
It has been interesting to try out the possibilities in Java for carrying out meta-
programming. Our overall conclusion is that the metaobject possibilities 
available in Java are a convenient way for implementing tailoring in special-
purpose applications.  
A question we have only touched on in this paper is if it is worth the trouble to 
make an application tailorable as opposed to being merely “easy to change”. 
The answer to this question lies in the future: what types of requirement 
changes will arise? Would the prototype have been able to handle them? After 
all, the efforts to make software adaptable only pay off if they are used. 
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In this article we report from a design study that was performed at the Space 
and Virtuality studio at the Interactive Institute AB1 in Malmö. The research 
team at the Space and Virtuality studio is exploring how information technology 
can support different design processes. In a design process the end users 
experiment with different material, media, situations, interactions etc. The 
intention with the design process may be to explore different possibilities to 
interact with media or it can be purely artistic. For example discover what 
artistic expressions you can get by combining different sounds or learn how to 
combine light and digital projections to create a desired effect in a room. The 
requirements for computer support change dependent of the design task but also 
during the process itself.  
The persons engaged in the research team have different kind of competences 
and they cooperate intimately to achieve new design settings. The research team 
at the Space and Virtuality studio is also exploring the area of ubiquitous 
computing [15] in the context of design processes. They are developing a 
system of ubiquitous and intelligent building blocks, called ActionBlocks 
(ActionBlocks are comparable with Phidgets [5], but ActionBlocks is more of 
an interaction metaphor. ActionBlocks is used to structure the interaction.), 
which makes it possible to build functional prototypes fast. ActionBlocks are 
input and output devices (tag readers, digital cameras, loudspeakers, lamps, 
buttons etc.) that can be used in different project exploring the interaction 
between the end user and digital media.  
To be able to understand the complex functionality and quality requirements for 
the upcoming ActionBlock system we have worked closely together with the 
future users. We have participated in workshops, in different projects and 
discussions concerning the use and functionality of the future ActionBlocks 
system. The work made us aware of the close cooperation within the project 
groups. When some new kind of IT-support is needed in a project the 
participants discuss and negotiate the functionality, the quality, the look and the 
delivery time and a solution is finally reached. The frequency of this type of 

                                                 
1 http://www.interactiveinstitute.se 
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work makes it desirable to have a ‘library’ of different ActionBlocks that can be 
assembled easily and quickly into different applications with different 
functionality. This brings about a need for some kind of flexible architecture 
that supports this kind of dynamic use.  
During the work it became visible that different persons interested in the future 
system have different views of ActionBlocks and how they ought to work. The 
views were connected to what intentions the person has with ActionBlocks and 
what activity the person focus on. The intention could be to use a system that 
facilitates the interaction with digital media or it could be to design different 
situations or possibilities to interact with the system, in other words, to set up 
different environments for interaction. But it also turned out that the activity to 
design or develop the ActionBlock was a main concern for some persons.  From 
the discussions and workshops it is possible to distinguish three different roles, 
the end user, the interaction designer and the ActionBlock designer. The three 
roles use the system in different ways. 
A flexible system is important for all the roles, but it has different meaning. 
Flexibility for the end user is that he can change the use. To the interaction 
designer flexibility is to be able to assemble the system he desire on his 
conditions. While the ActionBlock designer regard flexibility as a way of 
changing or develop the software in a convenient way. All three roles contribute 
and use the flexibility and in this way they all play a role in the evolution of the 
system.  The development takes place continuously and the maintenance will be 
a part of the development.  They are all a part of the development process and 
thereby they are all equally important. Thereby all situations of use are 
important to consider when designing the system. 
In conversation, an interaction between humans, context, assumptions and other 
things has to be taken for granted to be able to concentrate on some particular 
aspect, action, topic or objective.[11] This can be said to be true for the 
interaction between humans and computers too. Different aspects are important 
for the user depending on the situation of use. This means that a user disregard 
some aspects of the system because they are of minor importance for his 
specific use of the system. This is what makes different kinds of users have 
different perspectives on a system. Apparently, the three roles have different 
requirements of and perspectives on the system and this raised the question if it 
is possible to construct an architecture that reflect these different user 
perspectives and fulfill the user requirements that go beyond the user interface, 
for example how the ActionBlocks communicate. The adaptable architecture we 
present in this article accomplishes this. 
Many research groups experiment with different kinds of sensors and 
environments concerning ubiquitous computing and they suggest various 
approaches towards the infrastructure. We have studied several related systems 
that are concerned with making everyday life easier by adding computational 
support in the background and/or bringing the physical world into the virtual.  
We have studied Multiple trivialities that is a project performed at the Space 
and Virtuality Studio (http://ipp.interactiveinstitute.se/multipletrivialities/ 
index.htm), Web presence [8], Appliance Data Service [6],  Interaction spaces 
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[16], The Weather Alarm System [7], RFID Chef [9], Informative things [1], 
Invisible interfaces [14], Hive [10] and JINI [13]. When studying the different 
systems we have looked for implications that different kinds of usage is taken 
care of in the architecture. The studied systems has architectures that are 
suitable for one or two of our user roles, none fits all three roles. In the 
descriptions of the systems we have not found any discussion about how to 
make an architecture that fits different user perspectives and roles. Our own 
work was driven by the question if it was possible to construct a system 
architecture that fit the requirements of all three roles. We wanted to show that 
it is possible to reflect user roles in system architecture and use it as a platform 
for system design.  
Throughout the work we have used scenario-based design that is a well-known 
and accepted design representation [3]. We have used scenarios to envision 
different situations of use and just like in [4] we see requirements as statements 
of situations of use. The use of scenarios makes it possible to visualize even 
cognitive aspects like expectations, goals and former experiences. In this article 
we also use scenarios to extend the comprehension. We let the opening scenario 
in the ActionBlock section extend into the further sections to clarify how the 
different roles are supported by the architecture. 
We first start with a scenario that visualizes what ActionBlocks are. After that 
we present the architecture and how it reflects the three user roles. We also 
exemplify the architecture by parts of the proof of concept prototype that 
implements the architecture. Then we discuss our result and present some 
arguments for why the architecture is appropriate for all three users. Finally we 
make a conclusion of the work. 

4.1 ActionBlocks 
What is an ActionBlock? The primary idea with ActionBlocks is to be able to 
make experimental designs fast, primarily the ActionBlock concepts is for 
making it possible for the interaction designer to experiment with different 
designs. Basically an ActionBlock is a physical device that interacts with its 
environment and function as an input and/or output device for the rest of the 
system. An ActionBlock may be almost any electrical device; a tag reader, a 
digital camera, a video camera, a projector, a button, a lamp, a loudspeaker etc. 
An ActionBlock can be regarded as a part of physical interface to a ubiquitous 
computer system. An end user can by manipulating a physical thing (that is part 
of an input ActionBlock) make the system react and the system can cause an 
action in the real world, the action is done by an output ActionBlock. The 
intention is that systems of different ActionBlocks may easily be constructed to 
support interaction with digital media. When this work was performed only a 
few ActionBlocks were constructed, but the intention is that the ActionBlock 
family will expand. To clarify the use of ActionBlocks let us take an example. 
Suppose we have the following simplified scenario:   
Carl is a teacher at the Interaction Design program at Malmö University. Every 
year the master students have an exhibition to expose what they have done 
during their studies. This year Carl that works part time at the Interactive 
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Institute AB wants to enrich the visitors’ experiences of the exhibition by 
making them a part of it. His idea is that every exhibitor provides the visitors 
with items that are associated to a film, an image or a sound that have some 
relation to the exhibitors work. When a visitor, let us call him Jan, visits an 
exhibitor he chooses an item that appeal to him. He can collect several items 
from different exhibitors. At a central place in the exhibition hall Jan can make 
his own multimedia show by putting his items on a table with a tag reader 
hidden beneath it.  When an item representing a film or an image is put on the 
table the film is shown on a big screen and when an item associated to a sound 
is put on the table the sound is exposed for everybody to hear. This is possible 
because the items are tagged with small electronically tags.  
To realize his idea Carl need several ActionBlocks; one tag reader for the 
central table, one tag reader for each exhibitor, one projector and a loudspeaker 
set. Carl also needs some software to support the application. He needs a piece 
of software that takes care of the exposure of the different media. Carl then asks 
Minna, the ActionBlock designer (the programmer) at the studio, to construct 
that software. When the software is ready Carl can configure his system by 
fetching all the needed ActionBlocks and connect them to the network. The 
ActionBlocks is then shown in an interface along with the available software. 
He draws lines between the different unites to put them together. When he is 
finished he saves the configuration and when it is time to use the system he 
activates the system. The necessary software is downloaded to the different 
parts of the system and the system is ready to be used. 
In the scenario three different persons interact with the ActionBlocks system, 
Jan, the end user, Carl, the interaction designer and Minna the ActionBlock 
designer that supply the technical solutions. The three has different concerns 
about the system. Jan wants the system to be easy to use and understand, but it 
also has to be interesting to use it. It shall enrich his experience. Carl wants the 
system to be flexible so that he easily may alter it if he wants to change the 
interaction with the system. Minna wants the system to be easy to maintain and 
develop further. The different roles also have different perspectives on the 
system. Even if one person can act in all three roles, they can be regarded as 
distinct ways to interact with the system. In many other scenarios the 
ActionBlock designer has no role at all; if the interaction designer can construct 
the needed system by assembling and connect ActionBlocks that already exists.  
As implicated in the scenario above the participation in the work with 
ActionBlocks lead to an identification of three different roles (end user, 
interaction designer and ActionBlock designer) that are stakeholders in the 
future ActionBlocks system. The roles have emerged from discussions with 
people at the Space and Virtuality Studio. People that mainly work with 
software development, interaction designers and people that represent the user 
view were involved in these discussions. The persons that shared the user’s 
view stated there has to be a correlation between the user role and the 
functionality and appearance of the ActionBlocks. 
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4.2 The Architecture 
By analyzing the different perspectives on the system the basic concept of 
ActionBlocks was refined into a more structured concept which is represented 
by the puzzle in Figure 4:1. At a conceptual level an ActionBlock is an artifact 
that exists in both the physical and the digital world. ActionBlocks consist of a 
computational (intelligent) part and a physical part (Figure 4:1). The physical 
part contains a physical item and an action. The action is what happens when 
the physical item is manipulated. The physical item is the part of the 
ActionBlock that the user can touch and see. The computational part contains 
both hardware and software. The computational part consists of a symbolic 
representation of the physical item, a logic that makes the computation and a 
digital representation of the action, an event. The physical item and the action 
have its place in the real world, but to achieve an action the computational part 
is needed.  
When an action is made on a physical item the computational part comes in use. 
The symbolic representation contains basic functionality dependent of the type 
of ActionBlock and translates the signals from the physical item and transfers 
the data to the logic. The logic work on the data and then the event is activated. 
An ActionBlock that is creating an action react in the reverse order. The 
different roles focus on different parts of the ActionBlock depending of their 
perspective. 

 
 
 
 
 
 

Figure 4:1 Conceptual model for ActionBlocks 

A proof of concept prototype2 that simulates different ActionBlocks assemblies 
was made to test the validity of the concept. The implementation resulted in a 
loose coupling between the three perspectives in the architecture as shown in 
Figure 4:9. The prototype is built in Java. XML and JXTA (a set of peer-to-peer 
protocols [17] are used for descriptive documents and communication. In this 
section some parts of the prototype is presented to exemplify how the 
architecture can be implemented. The description of the prototype is 
disregarding the specific JXTA dependent issues. This is done to be able to keep 
the description quite simple to highlight the main issues. The prototype worked 
well but it does not contain a physical interface. The prototype showed us that it 

                                                 
2 For an extended description of the prototype see  Jeanette Eriksson, Interaction Views in 
Architectures for ActionBlocks, Master  theses in Computer Science,  2002,  Blekinge Institute 
of Technology 
(http://www5.bth.se/fou/cuppsats.nsf/1d345136c12b9a52c1256608004f0519/4ac2f2585884b670
c1256c1a00433023/$FILE/ ToEachHisOwn.pdf) 

Physical item 

Action 
Event 

Logic 

Symbolic 
representation 

Physical part Computational 
part 



Chapter Four 
An Adaptable Architecture for Continuous Development 

 

 

 

 
94 

was possible to adapt the architecture to different user roles and still get a 
complete comprehendible system. 

4.2.1 Use 
Let us return to the scenario. When Jan arrives to the exhibition hall he moves 
around the exhibition and at one place he picks up a smooth stone that he puts 
on a tag reader nearby and suddenly he can hear the sound of children’s laughter 
when they are throwing stones in the water. It remembers him of the summers 
in his childhood. He put the stone in his pocket and moves along. At another 
place he picks up a sample of seaweed that seams to go well with the stone. 
Eventually he arrives to the central table and he puts the seaweed on the table. 
The projector immediately shows a film of a man fishing at a calm lake. The 
only sound that can be heard is some birds singing. Jan then puts his stone at the 
table and the children’s laughter is heard and the film clip gets a totally new 
expression.  
For the end user the power of ubiquitous computing lays in direct and simple 
interaction. It is essential that there is a direct coupling between his 
manipulation of the physical object and the system’s response. The physical part 
of ActionBlocks is in focus (Figure 4:1). The system should also be robust, if 
one part is missing or defect only that part of the system should stop working. 
This perspective and requirement can be supported by a pure peer-to-peer 
structure (Figure 4:2). 

 
 
 
 
 

Figure 4:2 Pure peer-to-peer architecture 

In use there are some ActionBlocks that the user interacts with and some 
ActionBlocks that produce actions. Cheap web servers, called TINI [18] 
integrate the ActionBlocks. The ActionBlocks may be combined in various 
combinations and it is the logic that makes the combination possible.  
Every type of ActionBlock has a specific functionality. To be able to speak of 
ActionBlocks in a more general way we introduce transmitters and receivers. A 
transmitter is an ActionBlock that has as a task to send tag id or other types of 
translated signals to a receiver that performs an action. An ActionBlock may act 
as both a transmitter and a receiver at the same time if such a circumstance 
occurs. A camera might be such an ActionBlock. The camera can be controlled 
from for example a tag reader and then it may send the pictures to a projector. 
The gist of the example is that the ActionBlocks know by themselves what to 
do. They do not have to take help from some central server that holds all the 
information. 
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Figure 4:3 ActionBlocks in the exhibition hall 

When Jan, the end user in the scenario interacts with the system the 
constellation of ActionBlocks may look like in Figure 4:3. The projector in the 
example might not be able to store the films because of lack of memory space. 
It has to make a request to some type of database. Several ActionBlocks might 
share this database. This database is not really regarded as an ActionBlock due 
to the definition of ActionBlocks as a unit that contains an intelligent and a 
physical part. At least it does not have a physical part that the end user comes in 
contact with. But this type of unit has to exist and to be able to speak of this 
type in a general way it goes under the name of responder. 
But what happens within the ActionBlock when it is being used? Let us 
exemplify the process with how it happens in the prototype. When Jan puts a 
tag (the stone) at the central tag reader the signal from the tag reader is 
translated by the symbolic representation (that also contains basic functionality 
of the tag reader). The data is transferred to the logic in a XML file. In this case 
the logic adds the tag readers name to the data and transfers it to the event 
module that handles the communication and it sends a JXTA message, 
containing the XML file, to the loudspeaker set. The event module takes care of 
the message and forwards the data to the logic. The logic works on the data and 
dependent of the tag id and the tag reader name a decision is made of what 
sound and sound level to expose. This information is added to the XML-file. 
The result is sent to the symbolic representation that transforms the data to 
signals that the physical loudspeaker understands and the sound is exposed. 

4.2.2 Configuration 
To be able to use the system, the use has to be proceeded by a configuration. 
The participant in this phase is the interaction designer. The interaction designer 
is the person that set up the connection between the physical item, the 
computational part and the action. He connects physical objects with software 
units. He configures the system. For him all three components in the 
ActionBlock have the same dignity (Figure 4:1). He sees the parts as 
components that can be combined into ActionBlocks that fulfill his requests. He 
thinks of software and physical item as one unit, an ActionBlock. The 
interaction designer also designs the interaction between the ActionBlocks and 
between the system and the end user. The system should make it easy to design 
system with direct coupling between the manipulation of the physical item and 
the action. It is practical to think that the interaction designer configures the 
system by a drag-and-drop interface (Figure 4:4).  

Tag reader 

Projector 

Loudspeaker 

The dots refer to 
what the user focuses 
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When the interaction designer configures the system he chooses what logic to 
use for which ActionBlock and when he saves the configuration it registers 
what logic and ActionBlocks the configuration require. The file is then used 
when the system is activated. 
To the interaction designer it is also appealing that the assigned logic really 
resides in the intended ActionBlock, because it corresponds to how he handles 
the ActionBlocks while configuring the system. Peer-to-peer architecture also 
has the advantage that the system is scalable and it is easy to join the network. It 
is just to start a peer [10] and then the peer itself takes care of the 
communication with other peers. These things are important from the 
configuration perspective. 
To be able to set up a system it is important to the interaction designer to be 
able to easily obtain a complete list of existing and connected ActionBlocks to 
be able to configure the system and assign logic to the ActionBlocks. Such a list 
can be obtained by a distributed service that may request the ActionBlocks in 
the network for a description of them, and in this way be able to show them as 
icons in the interface.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:4 Schematic interface to configure a system. 

It is possible to configure the system even if the ActionBlocks are not connected 
to the network. This can be done by the fact that all the ActionBlocks are 
tagged. To make it possible to show the ActionBlocks in the interface, tag id 
together with a description or image of the ActionBlocks has to be obtained in a 
database. If the tag is known, the icon is shown. Then the system can be 
configured in the same way as before. If the ActionBlocks are disconnected 
while configuring the system the architecture may be regarded as client-server3 
                                                 

3 The distinction between a server and a distributed service might seem a little bit unclear. The 
main issue is that the distributed service may be located on several places and isn’t exclusively 
serving a set of dependent clients. But at some time slot a computer that answers a request acts 



Chapter Four 
An Adaptable Architecture for Continuous Development 

 

 

 

 
97 

Distributed service

architecture while the application requires information about the different 
ActionBlocks and logics, that can be requested from a computer that supplies 
that service. But the computer with the service may also be a peer in the system 
while the architecture may be regarded as a peer-to-peer architecture with 
distributed service (Figure 4:5). The interaction designer is gained by a peer-to-
peer architecture with distributed service. 

 
 
 
 
 
 
 

Figure 4:5. Peer-to-peer architecture with distributed services 

The prototype does not implement the graphical interface that the interaction 
designer uses to assemble the ActionBlocks into a system. The intention is that 
when the interaction designer creates an application the ActionBlocks, logic etc 
that it is going to consist of is saved in a XML file (1) (The numbers refer to the 
numbers in Figure 4:6). In the prototype this file is written manually for the 
different assemblies. 
But the setup is also a part of the configuration. At setup the system gets ready 
to be used by the end user. When the interaction designer makes his intention to 
start an application known to the system (4) a start message is sent to the 
distributed service. The distributed service continuously discovers which 
ActionBlocks that are active (5) so when the start message arrives the 
distributed service can examine the XML document that contains the 
application description to explore if there is a match between the required 
ActionBlocks and the active ones. If so and there also is another application 
running the use of ActionBlocks is coordinated (6). An application may allocate 
an ActionBlock, but it is also possible for two applications to share 
ActionBlocks. This is defined in the XML file describing the application. When 
everything is checked and it is possible to start the application, a message is sent 
to the ActionBlocks that are going to be a part of the application. The message 
is an XML document containing information about who to communicate with 
(7). The symbolic representation (Figure 4:1) contains an XML document that 
defines the name, type, functionality etc. for the ActionBlock. In this way the 
ActionBlock already knows if it is a transmitter or a receiver. The next step is to 
upload the required logic to the intended ActionBlock (8). The system is now 
ready for the end user to use the application (10). 

                                                                                                                                  
as a server to the computer that sends the request despite which functionality the computers has 
in the network. 
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Figure 4:6 Functionality of the prototype 

4.2.3 Design of ActionBlocks 
The ActionBlock designer is the person that develops the software to support 
for basic functionality for new or altered ActionBlocks. The ActionBlock 
designer therefore focuses on the software and what actions it can generate. He 
focuses on the computational part. To him the physical item and the action are 
represented in the computational part. It is the ActionBlock designer that has the 
control over what actions that can be associated to a physical item because it is 
he who constructs the software. The ActionBlock designer designs 
ActionBlocks. The ActionBlock designer also handles the maintenance. From 
his point of view an ActionBlock may consist of only the intelligent part and the 
action. The ActionBlock designer is aware of how the software shall be used but 
for him the physical appearance is of minor importance. For the ActionBlock 
designer it is of importance that the development and the maintenance are easy 
to perform. It has to be easy to update and administrate new software versions. 
It also has to be easy to overview available software. With this approach it is 
convenient to make all substantial computation at one place, at a server. From 
the ActionBlock designer’s point of view the clients are input devices that make 
requests to the server that serves the client with the required service [2]. For 
example, supply different ActionBlocks with information about which to 
communicate with or required logic. It is also much more easy to maintain and 
update a system with client-server architecture [6] where many of the resources 
are kept at one place. It is also easy to keep a list over existing clients [10]. 
From the ActionBlock designers perspective a centralized architecture, client-
server, may be preferable as architecture for ActionBlocks (Figure 4:7).  
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Figure 4:7 Client-Server architecture 

Let us take a look at Minna's task in the scenario. When Carl asks Minna to 
make some new logic for the exhibition she has to construct two pieces of 
software; one for the loudspeaker set and one for the projector. The projector 
has never been used in an ActionBlocks system before and therefore there is a 
need for some general software in it.  
What Minna has to do is to equip the projector with an event module and a 
symbolic representation. The architecture for the ActionBlocks define that the 
part called Event (Figure 4:1) handles the event generated by the user and the 
events from the network. That part is the same for all ActionBlocks, so that 
piece is just to upload to the projector. The symbolic representation has to be 
constructed. This representation is divided into two parts. It contains the 
software that handles the basic functionality for an ActionBlock, for examples 
signals from tags has to be translated to a form that the logic can understand. 
This part is specific for each kind of ActionBlock (tag reader, button, projector 
etc.). The other part is a description of the ActionBlock, what type it is 
(receiver, transmitter), what sort it is (tag reader, projector), name, id etc. When 
this is done Minna turns to constructing the logic for the projector and the 
loudspeaker set. Minna has to make her new software adapt to a predefined 
interface to the event module that handles the communication. The use of 
ActionBlocks differs during time and no project is similar to another therefore it 
has to be easy to put different logics together. They will be software 
components. All the components have to adapt to a general interface. Let us 
take a closer look at the projector logic. What is needed? The projector is going 
to show images and films. One component for displaying images and one for 
displaying films are required. But to be able to make the decision what type of 
media to display a third logic unit is needed, a part that holds the information 
about which tag is associated to which file (Figure 4:8), the direction guide (this 
part might get assistance from a responder, but we disregard that possibility for 
now). The same principles go for the loudspeaker and the spotlight switch. 
While reusing the logic in another combination the direction guide will be 
different.  

 
 
 
 
 

Figure 4:8 Logic for the projector 
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If there is a need for new software the ActionBlock designer makes and test the 
required software and saves it in the “logic storage” (2). If basic software (for 
example symbolic representation) is required in an ActionBlock the 
ActionBlock designer uploads that too (3).  

4.2.4 The Whole System 
We have seen that different architectures are preferred dependent of the user 
role. From the discussion above a concept for the system architecture combining 
different architecture paradigms, to support all three roles, is derived. The 
architecture can on one hand be seen as an example of requirement driven 
design where we first analyze the three roles different requirements on the 
system and then construct an architecture that fits the requirements. On the 
other hand the architecture starts from the concept of ActionBlocks which 
essentially is taken as an on forehand given starting point for the whole design. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:9 The whole system 
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The concept of the architecture is on a rather high level because its flexibility on 
different levels. The details in the architecture are determined by the specific 
use situations and the implementation. The architecture is a manifest of the 
design decisions that equalizing the different roles and to focus on one role at a 
time and then combine them. To keep the concerns separated sub concepts are 
developed for each user role. The different sub concepts fit well together and 
form a merged concept for an architecture (Figure 4:9) that will adapt to the 
different roles when interacting with the system. 
When the user use the system the ActionBlocks communicates directly. The 
ActionBlocks can be of different kinds and numbers. The interaction designer 
uses the system by putting tagged ActionBlocks on a tag reader and trough a 
configuration interface. The manager manages these units and the data is 
collected in databases. When the ActionBlock designer uses the system he 
constructs new software (logic) and uploads it to the logic storage. As shown in 
Figure 4:6the three roles interact with different parts of the system and it is only 
at setup, performed just before the end user is going to use the system that the 
different parts are connected. This accomplishes a low coupling between the 
parts. 

4.3 Discussion 
Our goal was to construct an architecture that will support the three roles in an 
adequate way. We have achieved this by combining several architectures that 
correspond to different interactions with the system. 
The abstraction into three roles is done to be able to focus on three different 
interaction perspectives or relations to a computer system. In this case 
especially the ActionBlocks system. The advantage with this approach is that it 
is easier to grasp the most important issues for each role. This makes it possible 
to treat all interaction perspectives equal and to give the roles what they want 
and need. 
The end user wants a system were there is a direct coupling between the 
manipulation of a physical item and the system’s response. He also wants the 
system to be robust. When one ActionBlock ceases to function the system 
continues to work. A pure peer-to-peer architecture will fit the end user. An 
advantage with pure peer-to-peer is its robustness because if a peer breaks the 
network may continue to exist. This together with the fact that the 
computational part of the ActionBlock really is within the ActionBlock 
corresponds to the end-user perspective. When an ActionBlock cease to 
function it is due to visible items, either the tag reader itself or the connection is 
broken. Not a server in Japan. But there are also some disadvantages with peer-
to-peer. It is hard to keep a list over existing peers in the network because all 
peers hold their own lists and they may not be complete. It may also be a 
problem to administrate different versions of software components [10]. The 
disadvantages concern the configuration and ActionBlocks design. The 
interaction designer is also interested in having the ActionBlocks doing their 
own computation because it corresponds to how he handles the configuration, 
but he is also interested in obtaining a list over all active ActionBlocks. The 
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peer-to-peer architecture has to be extended by a distributed service to meet his 
needs. The approach opens up for customized solutions were some services can 
be more or less centralized but the communication between the ActionBlocks is 
direct. 
The distributed service is essential when the interaction designer has a need for 
trying out and test the functionality of the system while configuring it. A 
distributed testing service for example can help to trace all communication or 
can collect testing information from all the peers. 
The ActionBlock designer wants the system to be easy to maintain and develop. 
He also wants to have control over the system. To him it is preferable with a 
client-server architecture. The ActionBlock designer needs to have total control 
over the system performance while testing and evaluating the functionality of 
the developed software. Client-server architecture would supply the 
ActionBlock designer with this capability. The disadvantages with client-server 
architecture concern the end-user perspective. When the server breaks, the 
network ceases to function and there is no personal control over the server. 
Another disadvantage is that the end user's apprehension of ActionBlock does 
not correspond to a client-server architecture where the ActionBlocks just are 
dumb devices that rely on the server. 
The testing is an essential part of the ActionBlock designers work and it is in 
this phase of the development that the ActionBlock designer interacts with or 
use the system. The initial testing of the software might be done on the 
ActionBlock designers computer, but the software also has to be tested at the 
right hardware environment, e.g. at an ActionBlock that ActionBlocks to do 
their own computation because it corresponds to how he handles the 
configuration, but he is going to possess the logic. When Minna has developed a 
piece of new logic and she regards the software as completed she uploads the 
new logic to an appropriate ActionBlock. She simulates a receiver or a 
transmitter on her computer and all communication goes via a server on her 
computer. In this way Minna controls the communication and may focus on the 
performance of the new logic. In this situation the architecture is client-server 
architecture. When the testing is finished she saves the logic at the computer 
with the distributed service. This line of action provides the ActionBlock 
designer with some important advantages of a client-server architecture. 
By making the architecture adaptable to different situations of use it is possible 
to support all three roles. You can also say that the architecture changes focus 
depending on the use. When the end user interacts with the system it acts as a 
peer-to-peer application. When the interaction designer uses the system it acts 
as a peer-to-peer application with a distributed service and when the 
ActionBlock designer interacts with the system it can be regarded as client-
server. 
The user roles are founded in different kinds of requirements. It is harder to 
catch and implement cognitive requirements because they are not accountable, 
but we regard it essential to capture all types of requirements to make the 
system suit the user roles which makes it possible for the users to disregard 
some aspects and focus on other more vital tasks. This makes it easier for the 
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users to survey the system. You may question if this approach is applicable in 
other situations. We advocate that a consistent development process and a 
flexible system that develops all the time require an approach that takes care of 
all participants’ requirements both task related and softer ones. This approach 
might be useful in other similar settings were the system continuously evolve, 
like in tailoring and end-user development. 
A disadvantage with the separation of different perspectives is that the 
architectures may stay separate in the implementation. This approach may lead 
to separate systems. That is not the intention. There also might be a gap between 
the user roles, if one is not aware of the fact that the roles can slip into each 
other. This may lead to a less adaptable system. Another disadvantage is that the 
system might be more complex if the system designer is not aware of the risk 
and has not as a goal to make the architecture as simple as possible without 
giving up the concept. 
The scenario sketches a rather limited picture of how flexible the system might 
be. Let us consider another scenario: When Jan arrives he can choose an item 
that appeal to him from a basket, a nice stone, a ball etc. Then when he sees 
something he especially likes in the exhibition, an image, a film, a noise, a piece 
of music he can associate the chosen item to that object. A representation of 
several objects is kept in the exhibitioner's computer and when Jan finds 
something he wants to store, an association may be done by putting the item at a 
tag reader and by choosing the representation in a simple computer interface. 
Jan associate his stone to his favorite sound by assistance of a GUI. When Jan 
puts his tagged stone at the tag reader a message is sent to the computer that 
gets knowledge of the tag id. A picture on the tag reader representation indicates 
when a tag is put on the physical tag reader. The available files are shown in the 
explorer and Jan click on the file he wants to associate to his stone and drag it to 
the tag reader representation in the GUI. The stone is now associated to the 
sound of laughing children. If Jan is not satisfied by the result he may do the 
procedure again.  
When the end user on his own associate tags to digital media he in a way alters 
the configuration of the system. He makes a connection between the tag and a 
file just like the interaction designer associates different ActionBlocks to each 
other. The border between the end user’s task and the interaction designer’s task 
is not so evident any more. The distinction between the user and the interaction 
designer get blurred.  
The interaction designer already assigns logic to the ActionBlocks. Let us 
picture that the interaction designer might program the logic by himself in the 
same interface as he associates the ActionBlocks in.  For example by using 
programming by demonstration and visual before-after rules it is possible for 
non-programmer to program computers [12]. Applying such a method even blur 
the distinction between the interaction designer and the ActionBlock designer. 
We have to remember that the roles may be contained in one person. The roles 
may slide into each other.  
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4.4 Conclusion 
Construction of flexible systems is an effort to extend the usability of the 
systems. In a flexible system the end user tends to perform tasks that earlier was 
dedicated for professionals. The development of the software becomes a 
continuous process that does not end when the end user take the system in use. 
This is especially apparent in the system described in this article where the end 
user, the interaction designer and the ActionBlock designer continuously 
cooperate to evolve the system. The three roles perceive and use the system in 
different ways. The user designs in use of ActionBlock and he sees the physical 
part of the system, and he regards it as a working tool. The interaction designer 
designs the interaction between the ActionBlocks and the user. He sees the 
system as a building kit that can be used to build tools for the user. The 
ActionBlock designer designs ActionBlocks and he thinks of the system as 
software components that can be assembled to make various actions. The 
differences in how the roles use and perceive the system makes them have 
different perspectives and requirements on the system. The usability of the 
system is dependent of how well the systems support the different situations of 
use and thereby the requirements.  
In this article we have shown that by explicitly discerning the three roles and 
analyze their use, interaction and perspectives of the system it is possible for us 
to focus on the roles one by one and support the different roles by different 
architectures. This approach means that we equalize the three roles’ importance 
for the continuous evolution of the system.  The different architectures can then 
be combined into an architecture that satisfy all the roles and that adapt to the 
different kinds of use. The architecture acts as a foundation for the continuous 
development of the system.  
The prototype implements the concept described in this article and we have 
thereby shown that it is possible to cater for different user roles even if they go 
beyond the limit for the user interface and into the underlying architectures. But 
there is still research left to do to explore how to reflect user roles in 
architectures in other settings. 
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Chapter Five 

Combining Tailoring and Evolutionary Software 
Development for Rapidly Changing Business Systems 

 What is required to make it work? 
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This article presents findings from a study in cooperation with a 
telecommunication operator in Sweden. In the telecommunication business, the 
business environment changes rapidly and competition is tough. 
Telecommunication operators compete by, among other things, providing their 
customers with new types of services and by improving business systems that 
manage the business side of the services. As the business changes, the business 
systems supporting it have to change as well. In such a fast changing world 
software flexibility is needed to prevent the software becoming obsolete.  
One way to provide this kind of flexibility is End-User Development (EUD). 
EUD “can be a strategic solution to bridge the productivity gap by allowing end 
users to directly implement some additional features important to accomplish 
their tasks” [26, p. 7]. One way of conducting EUD is end-user tailoring. End-
user tailoring enables the end user to modify the software while it is already in 
use, as opposed to modifying it during the development process [13].  
In earlier projects we focused on the design of flexible and end-user tailorable 
applications  (Chapter Three, [8]). Since business systems in telecommunication 
evolve continuously and are part of an infrastructure consisting of 
heterogeneous data sources, interaction with other systems turned out to be a 
bottleneck for the adaptability of the single application. In the research 
presented here, we focused on ways of even allowing the end user to tailor the 
interaction between different applications. Our results support the claim that end 
users can even tailor the interaction between business applications, but show 
that in order to support a sustainable infrastructure, it is necessary to coordinate 
tailoring with software evolution performed by software engineers. 
Various functionalities exist that are needed to manage the infrastructure. These 
are found in tools for system integration that connect systems together [35-38], 
in network management for monitoring the infrastructure [32], in component 
management (if you choose to regard the different systems as components; how 
the data is structured) [33] and in report generation for assembling data [7]. 
These tools are designed exclusively for system experts, not for end users, 
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except in the case of report generation, which sometimes supports end users but 
often needs support from developers to adapt to fit new data sources.  
In order to explore what is needed to make it possible for end users to manage 
system infrastructure, we observed work practice and held workshops together 
with users and developers at the company. Eventually, we constructed a 
prototype for user-adaptable inter-application communication. The technical 
design is discussed in Chapter Six. The scope of this paper is to highlight what 
is required to make it possible for end users to manage system infrastructure. 
We have evaluated the prototype through user tests, where the users ‘talked 
aloud’ to express their impression and experience of the prototype. The 
prototype acted as a mediating artifact for evaluation and discussion. 
We start by briefly describing the current work practice and business systems of 
our industrial partner. We then present how our research relates to others’ work. 
In the following section, we describe our research approach in detail. In Section 
5.4 the design of the prototype is presented to show the basis for the evaluations 
and discussions. Thereafter we present the outcome of the evaluation, which 
points out three different categories of issues - technical support, user 
knowledge, and organizational and cooperative issues - that are important when 
creating possibilities for end users to manage the system infrastructure. We 
continue with a discussion of the results and finally we sum up by stating that 
technical support and extensive user knowledge of business tasks, surrounding 
systems and possible errors are some of the fundamental conditions for enabling 
end users to manage system infrastructure.  
Our main conclusion is that tailoring can play an important part in a rapidly 
changing business environment but that it has to be complemented. The 
capabilities of tailoring are limited and these limits are reached sooner in a 
rapidly changing environment than in a less volatile business area. We therefore 
advocate the permanent involvement of the software developer in the evolution 
of a tailorable system. By coordinating tailoring and software evolution 
activities, the sustainability of the tailorable system increases. In other words 
there is a need for collaboration between users and developers. We consider 
such tailorable systems to be a tool for increased competitiveness for companies 
engaged in a fast changing market.  

5.1 History and Background 
Our industrial partner has invested in making some systems tailorable by the 
end user [9, 10]. One system handling contracts for payments is adaptable. 
However, the system communicates with several other systems that are not 
adaptable, e.g. the system managing payment data is not tailorable. When 
creating new contracts or new types of payments, adaptability is restricted by 
the fact that the system handling the data can only handle specific data sets. 
This limits flexibility and reveals the need to tailor even the communication 
paths and data flow between different systems. Flexible connections within the 
infrastructure are required for flexible systems. It is therefore a natural progress 
to provide the end user with the means to tailor the communication paths and 
data flow between different systems – the means to manage system 
infrastructure – when necessary in the system tailoring process. What is needed 
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is a tool for end users to enable them to tailor communications between 
different distributed heterogeneous data sources. We therefore performed a 
study to explore the possibilities and obstacles of providing the end users with 
such a tool. 
The subset of the infrastructure that deals with payments served as an example 
of system infrastructure in our study. We will refer to this subset as ‘the 
payment system’. The payment system is used for computing certain payments1 
determined by the relevant contract; these payments are triggered by specific 
events. Each event that triggers a payment has a set of parameters (data set). 
Each event type has a set of attributes associated with it that limits the 
conditions that can apply to a contract belonging to it. This means that a 
payment is triggered by an event, and all contracts belong to one of the two 
existing event types. The data describing the triggering events is imported from 
another system once a month. The actual payments are made by sending a file 
to the administrative system. 
To make new types of payments, new types of contracts must be implemented; 
this is done by the end users. 
We have just noted that there are presently only two types of events, but this is 
not entirely true. Several payments are based on events that cannot be handled 
automatically by the regular payment system. We call this kind of payment 
‘extra payments’. Extra payments are handled and computed manually but are 
run through the payment system in order to send a file to the administrative 
system. To compute an extra payment, the user first runs one or more SQL 
queries against the data warehouse. The result is stored in text files. Next, the 
user copies the data from the text files and pastes the data into a prepared 
spreadsheet. When the user has accumulated the data, he or she works through 
the spreadsheet in order to remove irregularities. The contents of the sheet are 
eventually converted to a text file that is imported into the system managing the 
payments. There are several kinds of extra payments and these are made once a 
month.  
The manual procedure to compute extra payments has worked well until 
recently, but takes a long time. The competitiveness of the telecom business is 
however continually forcing the company to come up with new services; 
ultimately, other types of extra payments will be needed. These extra payments 
are based on new types of events, which mean that new types of data sets are 
needed. This revealed the need for a tool to define and handle the new events.  
To make the event definer/handler as flexible as possible, it must be able to 
assemble data from different kinds of systems. Experience suggests that it is 
impossible to anticipate the structure of future extra payments or which details 
will be needed. As a result, the event definer/handler must be able to 
communicate with any system in the infrastructure. What is needed is a tool for 
inter-application communication that can be adapted by the user. It is also 
essential that the tool allows expansion of the tailoring capabilities so that new 

                                                 
1 To protect the business interests of our industrial partner we can only give an abstract description of the 
system. 
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data sources can be added.  If the evolving business needs require the use of 
new data sources, the addition of a new source should be as seamless as 
possible. As different system owners or developers handle the data sources, it is 
their responsibility to make new data sources available. Such work is part of the 
developers’ maintenance task and can be regarded as software evolution.  

5.2 Related Work 
Several areas are involved when discussing the possibility for end users to 
manage system infrastructure. These are design of tailorable systems, 
distributed data sources, and tailoring as an activity at the workplace. 
Several papers discuss how to design tailorable systems (Chapter Three, 
Chapter Four, Chapter Six and [21, 29, 30]). Mørch [20] describes a way of 
implementing tailoring in three levels, customization, integration and extension. 
Customization is minor alterations whereas extension requires writing some 
source code. Integration is a form of documentation to preserve the history of 
changes, and the integration level is a mediating level to make it possible for 
end users to learn how to make extensions. In Chapter Four a prototype that 
dynamically connects different physical devices (video cameras, monitors, tag 
readers etc.) is presented. The user is able to define which devices to connect 
and the choices are saved in an XML file. When the configuration is to be used, 
the XML file is used to determine which individual devices to connect. In 
Chapter Three the idea of metaobject protocol [16] is used to implement a 
tailorable application. Stiemerling et.al. [29, 30] show how to build a search tool 
by using customized Java Beans. The users customize search and visualization 
criteria, which are saved in a file that is interpreted when making the search.  
Our technical approach does not totally conform to any of the above mentioned 
techniques, but like the search tool, our prototype uses interpretation of a 
description file in able to compute extra payments [29, 30]. The prototype also 
uses XML as a mediating language between the different systems, as in Chapter 
Four. 
EUD and tailoring are often used in stand-alone applications. Only two of the 
applications discussed are distributed systems. One of them (Chapter Four) 
deals with an experimental environment and does not involve data assembly, 
and the other one [29, 30] involves homogenous data sources. We have not 
found any paper discussing tailoring in an infrastructure consisting of 
heterogeneous data sources. 
Several researchers have studied how tailoring activities are carried out in work 
practice, for example [12, 23, 34]. The studies observe the cooperation between 
users and tailors, where tailors also are users, but with extended skills in how to 
tailor the application.  
In a study involving tailoring of spreadsheets, Nardi and Miller [24] identify 
collaboration between three kinds of users: non-programmers, local developers 
and programmers – users who have developed the skill to program small 
macros. They state that non-programmers do most of the tailoring, but local 
developers and programmers supply less skilled users with scripts. 
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Carter & Henderson [6] invented the expression ‘tailoring culture’ to express 
the need for organizational support of tailoring. Also Kahler [15] points out that 
to make tailoring successful, an organizational culture supporting the 
development and sharing of tailoring knowledge has to evolve. Kahler also 
emphasizes three coexisting levels of tailoring culture identified by different 
researchers: 

1. a level with equal users. People help each other to tailor the software [12] 
or there is a network of whom to ask when bumping into trouble tailoring 
the software [34]. 

2. a level with different competencies.[12]  

3. a level of organizational embedment of tailoring efforts and official 
recognition of tailoring activities [18] 

5.3 Research Approach 
 Our research approach involved field studies, workshops, document studies, 
design research and case-based prototyping. The practical work was conducted 
during a period of slightly more than one and a half years. During the initial 
field studies we visited our industrial partner once or twice a week to observe 
and interview users and developers. When the design phase was to begin, 
workshops were arranged involving researchers, users and developers. When 
designing the prototype, one of the researchers was stationed at the company a 
couple of days per week to ensure that the prototype adhered to existing systems 
at the company. Eventually the prototype was evaluated by all three employees 
involved in the extra payments and by one developer involved in the 
maintenance of the payment system (Table 5:1).  
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5:1 Employees involved in the evaluation 

                                                 
2 The names are fictive to protect the participants’ integrity. 

Name2 Position Competence 
Jenny Economically responsible for 

payments 
Familiar with surrounding 
systems and fundamentals of 
payments 

Karl Performs extra payments Familiar with the extra 
payments and what data is 
needed. 

Eric Works with the regular payments  Familiar with regular 
payments but has never 
computed extra payments. 

Regina Developer Maintains and further 
develops the payment 
system. 
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We have chosen a qualitative research approach because we are not only 
interested in knowing if and how well an artifact works but also what makes it 
work for users in their daily work, within their ordinary work environment. By 
employing qualitative research methods we obtained a rich and nuanced 
material that gave us a better understanding of the surrounding issues.   
We adopted what may be termed a design research approach, as we started out 
by defining the research question based on business needs and unexplored 
issues in the research discourse. Design research has been discussed in several 
papers, among others Nunamaker [25], March and Smith [19] and more recently 
Hevner et.al.[14]. Our goal for the evaluation was not limited to evaluating the 
quality of the prototype as a technical artifact, i.e. we were not interested in 
evaluating a comprehensive set of functional and qualitative requirements to be 
able to improve the specific prototype. Hevner et.al [14] emphasize the need for 
combining design research and behavioral-science to “….ultimately inform 
researchers and practitioners of the interaction among people, technology, and 
organizations that must be managed if an information system is to achieve its 
stated purpose, …” [14, p. 76]. We support the idea of cross-fertilization 
between design and behavioral research. Therefore, in the evaluation, we chose 
to use the prototype as a mediating artifact to discuss not only technical issues 
but also cultural and social factors in the organization that influence the 
experienced quality. Our approach differs from other design research 
approaches by using the prototype as a mediating artifact. The type of artifact 
we build can be called a case-based prototype, a prototype containing real 
domain specific data, addressing the work of a particular set of practitioners in a 
specific environment [4].   
Our research approach involves  

• case-based prototyping, that has the advantage of triggering discussions 
and promoting mutual learning [4], 

• a realistic environment, that has the advantage of producing a rich 
picture containing nuanced data deeply-rooted in real-world work 
practice, 

• explorative questions, that have the advantage of even providing 
unanticipated answers that could lead to far-reaching findings. 

• methods for data analysis, such as coding and categorization, that have 
the advantage of making it possible to identify patterns in the rich 
picture obtained by field studies [28]. 

The overall research design could be divided in three phases; establishing the 
research question, building the prototype, and evaluation.  

5.3.1 Establishing Research Question - Field Study 
Based on prior research cooperation, the assembly of data for extra payments 
was identified as a bottleneck from a technical as well as from a business point 
of view. To establish a more concrete research question we performed a field 
study consisting of interviews and observations of work practice. This was in 
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order to penetrate the problem of using tailorable systems in a rapidly changing 
business environment.  
The study began with a field study where we investigated the work practice of 
the business unit to be supported and what the requirements were to solve an 
identified problem. The main activity during this phase was participatory 
observation of users and developers. The field studies were performed by one of 
the researchers, who sat next to the observed person while he or she did their 
ordinary work, in this case the monthly compilation of data for extra payments. 
The researchers asked questions when there were things that had to be clarified. 
The researcher also took notes of everything that happened and was said.  
This initial phase also contained interviews with users and developers, and 
document studies of specifications and manuals for existing systems.  
The need for the end users to manage system infrastructure became apparent 
and was assessed in terms of research needs. The issue was found relevant from 
both the research and the business point of view.   

5.3.2 Building Prototype - Case-Based Prototype 
After having gained a rich picture of the problem we built a software prototype 
(described in Section 5.4) that we believed could solve the problem. The 
prototype was design to fit together with existing technology and systems at the 
work place. The prototype was populated with real world data from the ordinary 
test environments. The data were the same data the users uses every month for 
computing extra payments. 
The interface and functionality of the prototype was designed in workshops at 
the company, in cooperation with end users and developers. A preliminary 
design for the prototype was presented at another workshop. This resulted in 
alterations in the design.     
When the prototype was finished it was evaluated from a technical point of 
view, according to the requirements, to ensure that the prototype really had the 
potential to adhere to the rapidly changing business needs (Chapter Six) 

5.3.3 Evaluation  
”Quality in use is the user’s view of quality” [1, p. 5]. The objective of the 
evaluation was to discover what is required to realize quality in use, when 
implementing mechanisms for the users to tailor the infrastructure to fit with 
tailorable systems. It is only the users of the system who can decide if quality in 
use is achieved. It was therefore a natural choice to evaluate the prototype by 
means of user tests. As we wanted to achieve a rich picture of the obstacles and 
possibilities of the prototype in the specific setting, which is characterized by 
rapid changes in business needs, we chose an evaluation paradigm that could 
supply us with rich and nuanced data. We chose to use observation and verbal 
protocols [11] in a setting close to the real world.    
The prototype was evaluated by three users with different competences and one 
developer involved in maintaining the payment system (Table 5:1). The users 
tested the prototype whilst they ‘talked aloud’ [11] to express their experience 
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of the prototype. The developer discussed pros and cons together with one of 
the researchers.  
The employees at the company work in an open-plan office. Therefore we were 
not allowed to film or make tape recordings at the users’ own workplace.  We 
therefore moved the equipment (computer, video camera and tape recorder) into 
a separate room. As the aspects of the prototype we were interested in 
evaluating were not affected by interruptions, the move into a separate room did 
not influence the results of the evaluation.  
The users were asked to use the prototype to define templates for extra 
payments that they otherwise compiled ‘by hand’. The users tried out the 
prototype in a setting close to the real-world environment with real-world data. 
In this way we were able to discuss obstacles and possibilities, with the case-
based prototype as a mediating artifact i.e. sessions were not dominated by the 
difficulty of the specific task.  The discussions focused instead on the 
possibilities for managing the infrastructure that were revealed by the prototype.  
The users ‘talked aloud’ [11, 28] to express their comprehension, perception 
and understanding of the prototype. The ‘talk aloud’ technique is utilized when 
two users sit together and discuss with each other [27]. This makes the 
conversation smoother and the material richer. As we wanted as many separate 
evaluation opportunities as possible, one of the researchers acted as a 
participating observer, prompting the users to talk about what they experienced. 
In this way it was possible to compensate for the fact that the users evaluated 
the prototype separately and not together. In addition, it was possible to 
penetrate issues of interest that otherwise would have remained undiscovered.  
One developer who worked with maintenance of the regular system evaluated 
the prototype in a workshop, and discussed advantages and drawbacks 
concerning use, tailoring, and expansion of the tailoring capabilities.  
The evaluations were both video and tape-recorded and after the evaluation 
sessions the tapes were transcribed, coded, categorized and analyzed. To 
determine what initial categories to use, both of the researchers read through the 
material to discern interesting issues. The preliminary categories were 
established and the authors coded the material separately. The two coding sets 
corresponded very well and the coded material was analyzed. Eventually the 
categories were brought together into three categories: technical support, user 
knowledge, and organizational and cooperation issues.  
The outcome of the evaluation is presented in Section 5.5. The next section 
introduces the prototype.  

5.4 The Prototype 
We developed a prototype in order to explore how to solve the problem stated in 
Section 5.1.  The prototype is designed to supply functionality that makes it 
possible for end users to: 

• assemble data from different sources 
• set up rules and algorithms that will be performed during computation 
• map data sets to receiving sources. 
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It is important that the design is kept as simple as possible to make the 
prototype as easy as possible to understand and survey. It is our opinion that if 
the design is kept simple, it will also be easier to visualize new ranges of uses 
and to extend tailoring capabilities. The principle of simplicity also includes the 
use of existing, well-known standard techniques.  

5.4.1 Middleware 
The company has recently bought a platform that supports integration. 
Somewhat simplified, the platform consists of integration servers, brokers and 
workflow servers [35]. The integration server is the platform’s central 
component at run time and it connects internal and external resources to the 
platform. The integration server works as the entrance to the systems and 
applications to be integrated. The services running on the integration server 
consist of integration logic that retrieves data from one resource and delivers it 
to another [35]. The idea is that by subscribing to a service, the subscribers will 
obtain necessary information whenever new information appears. We had a 
somewhat different intention when using the platform. We wanted to collect the 
information when we needed it. Instead of passively waiting for the data and 
then sorting out a subset of interesting data, the prototype actively gathered the 
information when needed. The platform provided the prototype with 
information about how to get in touch with desired resources and what data 
were accessible at these resources.  
The integration server could not inform us about which resources were available 
in the infrastructure; we thus had to create a service that made it possible for 
developers to publish information about their system. To do so, the developers 
set up a database view containing data that could be shared with tailorable 
systems such as the prototype, and then with the aid of a service on the 
integration server, they published how to connect to the system and which view 
to use. The service produced an XML file containing connection data for all 
published resources. When the prototype wanted to know what resources were 
available, the XML file was fetched from the integration server. Yet another 
service provided the prototype with meta data from selected resources, e.g. what 
fields (attributes) could be accessed in a specific database, and what types the 
fields were.  
We have described how the middleware provided the prototype with 
information about the surrounding systems. The prototype is not, however, 
dependent on the middleware. The XML files provided by the integration server 
can be produced manually by the developers. One of the great advantages of 
XML is that both computers and humans can read it easily if it is kept in a 
simple form. We have tested this course of action as well and even though the 
middleware greatly facilitated the administration of the system and kept it up-
to-date in relation to surrounding systems, the prototype worked smoothly 
without middleware.  

5.4.2 Design of Prototype 
The prototype is divided into two parts. In one part the end user can tailor 
communication and data interchange between systems, i.e. the end user defines 
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the event types. The other part handles the execution of extra payments or 
events. We can call the parts Event Definer (handles tailoring) and Event 
Handler (handles use) respectively. The Event Handler is meant to be used once 
a month to run the different extra payments, while the Event Definer only needs 
to be used when defining new types of extra payments. When the Event Definer 
starts, the XML file containing all the published systems is fetched from the 
integration server.  

Tailoring 
The graphical tailoring interface of the Event Definer was constructed to consist 
of different steps. These steps guided the end user through the process, but 
could also be used in an arbitrary order as the end user chooses. Some steps 
must be performed once, before the end user can alternate between the steps. 
The steps were revealed one by one and combined consecutively. For a more 
elaborate description of the prototype see Chapter Six. There are seven steps in 
the graphical interface: 
Step 1: Naming the extra payment   
Step 2: Choosing which databases to connect to 

• The available databases are displayed.  
• Upon selection, the views of the selected databases are displayed 

Step 3: Choosing which fields to use from the selected databases 
• The resulting sub tables are displayed 

Step 4: Setting up criteria for what data to collect from the different databases. 
• By drag and drop the end user chooses which field should be the base 

for the period selection.   
• The end user can also specify how the different ‘views’ should be linked 

together, e.g. SystemX was linked to SystemY by saying that fieldX in 
SystemX must be equal to fieldY in SystemY.  

• These two tasks in Step 4 were mandatory but setting up selection 
criteria for what data to collect from the different databases was 
optional.  

Step 5: Showing the specified criteria from Step 4 as SQL queries 
• Here the user can edit the SQL queries to set up more complicated (and 

unusual) conditions for data retrieval than can be accommodated by the 
graphical interface. 

Step 6: Setting up algorithms of what to do with the collected data   
(only partially implemented) 

• The result of the data aggregation so far is displayed in one table  
• The idea is to allow the user to define algorithms based on this 

aggregated view.  
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Step 7: Mapping the input table structure to the output table structure 
• The end user can map the assembled and computed data to a receiving 

system by dragging the fields from the assembled data table and 
dropping them in a table representing the receiving database. 

All these choices, criteria, algorithms, mapping etc. were finally brought 
together and arranged into an XML file named according to the name of the 
payment stated in Step 1. An event type was created.  

Use 
The XML file produced by tailoring was then used whenever the end user 
decided to execute the extra payment. In the prototype, Event Handler carried 
out the execution of extra payments. The XML file specified which systems to 
connect to and what data to collect. When an extra payment was executed, the 
prototype contacted the chosen systems one by one and data was collected from 
each of these. It is here that the relationship or link between the systems 
specified by the end user in Step 4 came into use, as the collected data from one 
system acted as input for the data to be collected in the following system, e.g. if 
there is a link between SystemX and SystemY that says that fieldX in SystemX 
must equal fieldY in SystemY, and if the data collected from fieldX has the 
values ‘H001’, ‘H002’ and ‘K666’, only records containing those values in 
fieldY will be collected from SystemY, and so on. The collected data were 
stored in a temporary database and assembled in one table. When the data was 
collected and assembled in a single table, the events were created, and the actual 
payment procedure could take place. The algorithms were then applied to the 
data and the result was displayed to make it possible for the end user to check 
and correct the result where necessary. By clicking on a button, the end user 
eventually exported the result to the system handling the payment data, in 
accordance to the mapping specification (Step 7). The data in the temporary 
database was erased when the execution of the extra payment was finished.  

Expansion of Tailoring Capabilities 
Inevitably there will come a time when the end user wants to retrieve data that 
is not published in an available view. If the data and meta data is not available 
in the infrastructure, the end users are unable to perform new tasks. They have 
neither the authority nor the ability to alter or add views in surrounding systems. 
Only software engineers or developers can perform these kinds of activities. 
The surrounding systems, as well as the tailorable system, have to evolve to 
meet the additional requirements from the end users.  
The developer responsible for the respective system must then 

1. alter the system by creating a new view or changing an existing view, so 
that it contains the required data, and 

2. make the changes available through the infrastructure middleware or by 
providing the respective meta data files.  

The publication of a new source was therefore supported by a web interface 
where the developer/system owner could fill in the necessary data to enable the 
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middleware to provide the prototype with the required meta data. The alteration 
to the surrounded systems must still be implemented manually, as is usual when 
evolving the systems. 

5.5 Outcome of Evaluation  
The outcome of the evaluation is divided into three categories; design of the 
prototype, user knowledge, and organizational and cooperative issues. 
We have evaluated the prototype against predefined requirements, both 
technically and by user tests, in order to confirm that the prototype has the 
technical capability to solve the problem of the extra payment process, e.g. 
provide technical support for users to manage system infrastructure. The 
evaluation showed us that the prototype lived up to the predefined requirements.  
One of the users, Jenny, remarked: 

-Much of it is in place here [in the prototype: authors’ remark]. It feels like it 
[the prototype: authors’ remark] has potential. 

The presentation of the evaluation gives examples of how individual users 
discussed the different issues. The issues discussed in this section where raised 
in all of the interviews. Individual opinions held by only one or two of the 
evaluators are disregarded in the following presentation. 

5.5.1 Technical Support – Design of the Prototype 
In terms of technical support we focused on the interfaces provided by the 
prototype. We have identified three different interfaces (Chapter Six) needed for 
systems that continually change through tailoring. The different kinds of 
interface are the tailor interface, user interface and developer interface. In the 
following, we summarize issues concerning the different kinds of interfaces. 

Tailor Interface 

Functionality for controlling and testing  
All users appreciated the freedom to alternate between the seven steps. They 
found that the steps provided not only guidance and an overview but also the 
freedom to alter something performed in previous steps, without losing the 
overall view. To be able to overview all choices and trace them backwards was 
one way of providing control. But there was also a need in the graphical 
interfaces for error control and limitation. The users wanted some kind of 
guidance in order to feel safe, at least when they were beginners; or as one of 
the users said: 

-…in the beginning anyway. Before one gets used to this way of working. 
Later it is likely to be a very lucid and good way. One can see everything 
here.  

It became very obvious that the prototype must enable the end user to test and 
control correctness regarding the specification of extra payments. Adequate 
technical support must be provided when enabling the end user to manage the 
infrastructure. This allows the end user to do a good job. This means that the 
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control facilities must be developed to provide security for the users in their 
work.  
The attitude towards test and control varied between the users. The attitude 
seemed to be connected to the skill of the user. The better the knowledge of the 
task, surrounding systems and possible errors, the less important explicit test 
and control seemed to be. It is still fair to say that test and control were 
important to all users but even more important to some users. 

Karl: …this view is almost overwhelming, as I perceive it now as a 
beginner. Here I think it would be preferable to have some sort of help 
function to help with how to think.   

Jenny: When you make an extra payment for the first time you would 
probably like to make a test run to se that it really works correctly. The 
best thing would be a live run…but …thinking…actually this can be 
done…  

Eric: …there isn’t the same protection as in SystemZ….but to make a 
more flexible solution then you can’t expect it to be strictly user friendly.  

The users discussed a test mode where you could follow and test the choices 
made step by step during the tailoring process. The following statement, made 
by one of the users, can exemplify the users’ point of view: 

Yes, it is correct because if you discover in the end that something is 
wrong it is very hard to find were the error is. It could be anywhere ….. 
Actually, I think it could be very good. To be able to test the extra payment 
step by step when you make the extra payment. Because a new extra 
payment involves a lot of testing because extra payments are of ad hoc 
character. …if you build the extra payment from scratch you would like to 
be a little bit careful … to be able to make sure that you get all the 
information you need. 

Clear split between definition, execution and the tailoring process  
When doing tailoring the user rises from one level of abstraction to another, 
higher level. From thinking only in terms of the execution of an extra payment 
the user had to think in more general terms of what characterizes this extra 
payment, what kind of data were fetched, what variables there were, etc. The 
users had to think in levels. This is not an easy step to take. We found that a 
clear split between definition, execution and the tailoring process helped the 
users to make this step. Statements like 

- Actually one has to think about the execution mode when making the 
payment. 

and 
… do completed templates exist for the extra payment… one makes a 
template and saves it and every time the payment is to be run, the 
template is fetched?  

revealed the users’ understanding of the split. 
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By clearly separating execution and tailoring it became possible to delegate 
different responsibilities. This could result in changes to the cooperation 
between the users. 

Karl: I think it is very good because then someone is very familiar with how 
to make a new extra payment and then all employees in the group can run 
the extra payment. At the present we have to make different computations 
in Excel and it makes it necessary for everyone running the system to be 
very familiar with how to make an extra payment. But [when using the 
prototype: authors’ remark] the person running the extra payment has to 
be able to decide if the result is correct but he or she doesn’t have to know 
anything of the things behind the curtains. 

‘Unanticipated use’ revealed to the tailor  
Systems that continuously evolve through tailoring aim to support unanticipated 
use. The opportunity for unexpected use is inevitably limited by the technical 
design.  However, the possibilities are more extensive in the tailorable systems 
represented in this paper than in other tailorable systems that do not consider the 
issue of further development of tailoring capabilities. To support unanticipated 
ways of tailoring, the system has to provide additional information of what it is 
possible to do and what the limitations are. How this is done depends on the 
system and the business task. In the prototype it was achieved by providing 
information for the user that is not directly applicable to the type of extra 
payments that exist today. As one of the users expressed when seeing the 
opportunity for one of the export systems to also act as input source:  

Jenny: …this is interesting! It opens up new opportunities. It might be like 
one extra payment uses another payment as a base, then you could….. 
Then it is…..it hasn’t been in our wildest dreams…laughter…in our wildest 
dreams so to speak…. 

Complexity 
Issues of the appearance of the graphical interfaces and how to use the 
interfaces (e.g. tab order and when to use drag-and-drop) were the same for the 
tailor and the user interface. However, we found that the users preferred more 
information, rather than a less complex tailoring interface, resulting in more 
tailoring possibilities. Their opinion was that, as tailoring is not routine work, 
performed several times a day, it is allowed to take extra time. Then it is better 
to have a more complex interface providing more opportunities to tailor the 
system. 

User Interface 

Simplicity 
One thing that was revealed and worth mentioning is that it seems that the user 
interface should be even more simple to use than an ordinary user interface. 
Several of the users expressed the opinion that the tailoring interface and the 
tailoring process can be rather comprehensive but then the user interface has to 
be simple to the same degree. The following are examples of such statements: 
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Karl: - For these common ones [extra payments: authors’ remark] there 
are payments already built and actually it just needs to be run [the 
payment: authors remark]….It is very good because then you can run it 
with new date keys, just like that. 

Jenny: - We want to, eventually, come to the stage where more 
employees can work with it [extra payments: authors remark].  

Developer Interface 

One interaction point 
The developer interface in the prototype was a graphical web interface where 
the developer could input the data that was to be published about the system.  
During the evaluation of the developer interface, the software engineer 
emphasized that it was important to have one interface to the event 
definer/handler.  It is preferable with one point where changes to the data 
sources are published, because in that way the development of the tailoring 
capabilities is greatly simplified. The developer should not be forced to make 
changes in several places in the application in order to extend the tailoring 
capabilities. 

5.5.2 End-User Knowledge 
When analyzing the transcripts of the evaluation sessions, the high expertise of 
the users regarding the data available in the different databases became 
apparent. This knowledge provides the base for simple but effective solutions to 
provide the required flexibility. In our case, the users have the necessary 
knowledge, as they perform the assembly manually at present.  
This is not necessarily the case in all settings where end user tailoring might be 
applicable. The communication between different systems is normally hidden 
from the user in a data communication layer of the separate systems. Our 
prototype is designed to make just this communication tailorable. Its 
deployment depends on the expertise of the respective users. 

Task knowledge  
Through knowledge of the business task there was knowledge of what data is 
available and how to make use of it. The end user had to have a solid 
knowledge of the business task to be able to know exactly what data to collect. 
Extensive business knowledge was a prominent feature of the results of the 
evaluation. The users’ reflection on which data to collect always concerned 
different aspects of the business tasks. Here is a simple example: 

- In principle you could check any day. But this [running payments once a 
month: authors’ remark] is the way we work and the way we are used to 
because the payments come in monthly payment cycles. Most people 
want the results from the previous month quite early the following month. 
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System knowledge  
The end user knew exactly where to find the data needed for defining a new 
extra payment. The prototype helped with the exact location of the data. The 
prototype guided the user to which fields to use, by listing the fields with 
examples of the data it contained, but the user had to know where to look for it. 
The users had quite detailed knowledge of some of the systems interacting with 
the prototype. For example, one of the users explained how the attribute 
‘time_stamp’ is used in the data warehouse and that it will always be a part of 
every new extra payment.  

Jenny: ’time_stamp’ is always used. You always have to tell the data 
warehouse which day you want a picture from. So we will have a 
‘time_stamp’ and an ‘interval’ in every extra payment. 

Error knowledge 
All users were extremely aware of errors that could occur, i.e. errors concerning 
the system, the infrastructure and the task. Task-specific errors are particularly 
important for the end user to overview since there may be serious consequences 
for the company if the errors are not prevented.  
On several occasions during the user tests the users expressed concern about 
making errors. They asked questions like:  

Eric: -This mapping, is it possible to do it wrong? 

The reason for that is that payments concern money and as a result it may have 
serious consequences for the company if the extra payments are incorrect or, as 
one of the users expressed it: 

Jenny: …when you work as we do you must know a little about database 
management, you have to understand how the tables are constructed and 
how to find the information. And also in some way understand the 
consequences of or the value of the payment. In other words how you can 
formulate conditions and what that leads to. 

5.5.3 Organizational and Cooperative Issues 
A system like this prototype depends on data published by many different 
surrounding systems. Each one of these systems is itself the subject of both 
tailoring and evolution. Both the users and the software engineer who evaluated 
the prototype addressed the necessary interaction with other system owners and 
the assignment of responsibilities regarding the publication and updating of 
data. 

Publication and update responsibilities 
During the workshops it became apparent that the coordination between the 
ordinary payment system and the surrounding systems was not frictionless. 
When a surrounding system was changed the changes had to be orally 
communicated to all systems owners that may or may not be affected by the 
change. For the prototype to function as designed, it was important that the 
systems that the prototype was expected to communicate with were visible and 
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accessible. A clear division of concerns and responsibilities appeared to be 
essential. The prototype also had to deal with the problem of communication. 
There might be many different changes to the surrounding systems, of which 
only a few are of interest to the payment system. In the prototype, the problem 
of communication was solved by reflecting every change relevant to the 
prototype in the published information. In other words, it was important that the 
respective system owners kept their own system visible and showing its current 
status, since it was impossible for the prototype itself to keep track of relevant 
changes in different systems. As the prototype was dependent on accurate just-
in-time information, the evaluation revealed a need for coordination concerning 
publication and updates of surrounding systems and tailoring activities in the 
prototype. 

Collaboration between developer and end users 
Another important issue concerning collaboration was of a more social nature. 
In a setting such as the one described in this article the systems collaborated on 
a temporary basis. The fieldwork revealed, and the evaluation confirmed, that it 
is impossible to know what future contracts will look like. Therefore there will 
always come a time when the end user wants to retrieve data that is not 
published in an available view. Then it is the responsibility of the respective 
system owner/developer to publish new information or a new view of the 
system and to update existing views with the new data required in future 
contracts. To set up the environment for the user evaluation required a lot of 
coordination between which contract types to create and what data the 
surrounding systems could provide. The course of actions taken to set up the 
evaluation environment made it apparent that communication and cooperation 
between end users and developers was required when making new contract 
types with data not currently available. It was necessary to cooperate with end 
users to find out what kind of data was required, and with the developer to find 
out where to find the data 
Another issue that required collaboration was deciding how much information 
must be available for the users to do a good tailoring job. The users wanted to 
see as much information as possible, provided it was within reasonable limits. 
To have better control over the execution of the system, the developer often 
wanted to restrict the user’s options. These two perspectives had to be 
negotiated.  
Without smooth collaboration between the parties, the prototype’s value as a 
tool for user-adaptable inter-application communication would be lost. 
In the user tests all users were aware of his or her own competence as well as 
the other users’ competence. When discussing a specific business task one user 
expressed it this way:  

In this case the others [the other users: authors’ remark] know better.   

One thing we noticed was that all users frequently referred to developers when 
they experienced that this was out of their range. 

Jenny: … I really don’t know this. This is Regina’s area….  
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Karl: This is maybe something that someone more familiar with 
DataSourceX can manage to do. 

Eric: This is something that has to be discussed with Regina.  

5.5.4 Summary of Outcome of Evaluation 
The evaluation revealed many issues to consider when making a system that 
continuously evolves through tailoring work in a rapidly changing business 
environment. The issues could be divided into three categories, regarding 
technical support, user knowledge, and organizational and cooperative issues. 
Below, the issues are summarized and listed under the respective category. 
Technical support 

• Functionality for controlling and testing changes has to be integrated 
into the tailoring interface and there must be sufficient technical support 
for the end user to estimate and check the correctness of the 
computation.  

• A tailorable system has to define a mental model that makes a clear 
division between definition, execution and tailoring. This mental model 
must be adopted in the tailoring interface and be shared by users, tailors 
and developers.  

• The tailoring interface also has to reveal ‘unanticipated use’ to the tailor. 
This means for example that the information flow must, to a certain 
extent, exceed what is currently necessary.  

• The tailoring interface can also be more complex in its structure if the 
tailoring process is to facilitate use. One factor is that the tailoring 
interface is not used as often as the user interface and additionally the 
tailoring process often involves a great deal of thinking to be able to 
decide what to adjust. Therefore, it is preferable to design an interface 
that is more complex to deal with than a simple interface that does not 
let the tailor do what he wants. 

• The user interface should be even simpler to use than ordinary user 
interfaces. 

• The developer expanding the tailoring capability should only interact 
with one clearly defined point in the tailorable system, i.e. changes are 
made at one point in the system.  

End-user knowledge 
• End users must have sufficient knowledge of how the systems are 

structured and what the systems can contribute.  
• End users must have solid knowledge of the nature of the task and what 

data is required to perform it.  
• End users must have knowledge of which errors can occur and what the 

consequences of these may be. 
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Organizational and cooperative issues 
• System owners/developers have to be responsible for making their 

systems publicly available within the company. System 
owners/developers must also be responsible for updating the systems 
according to external requirements.  

• Working collaboration between the developer and end users is required 
when it is necessary to extend the possibilities for end users to manage 
the infrastructure.  

5.6 Discussion 
The study has been conducted in a specific environment where the business 
needs change continuously. We believe that the study environment is 
representative for many companies today, not only for those who are in the 
telecom operator sector. In [2, p. 86] Bennett and Rajlich discuss the future of 
software evolution and they state that “Solutions [e.g. software systems: 
authors’ remark] are going to be essential to meet the needs of businesses where 
change is constant and urgent.” and the case presented here is one example of a 
business where ‘change is constant and urgent’.  
Evaluation of the prototype’s design confirmed other research on end-user 
tailorable software. Users ask for additional functionality to guide the tailoring 
and test the outcome [5, 31]. We found that users wished to incorporate control 
of the tailoring process in the form of an outline, preferably in a step-by-step 
fashion. They also asked for visualization and test facilities in order to check the 
impact of the separate steps on the end results. 
One thing that surprised us somewhat was the deviation from the usability 
principle3 of keeping graphical interfaces free from unnecessary information. 
We found that the users preferred a slightly more complex tailoring interface to 
be able to get more information, resulting in a greater variety of what can be 
achieved. 
We also designed and evaluated an interface allowing software engineers to 
expand the tailoring possibilities. How the interface was designed might be 
dependent of our specific application domain. The findings here confirm and 
expand our own previous research results addressing the developer responsible 
for the evolution of tailorable systems as an additional stakeholder whose 
requirements also have to be considered (Chapter Three and Four) 
Several researchers discuss how the knowledge of tailors affects the ability to 
make changes in tailorable systems. They emphasize that domain knowledge is 
needed in order to tailor the systems to fit the needs [12, 23, 34].  In our setting 
it was also important for the tailors to have knowledge of the surrounding 
systems and their data structures. In our case, the users had the necessary 
expertise, as they were required to collect and aggregate data ‘by hand’ on a 
regular basis. This raises issues for further exploration: Simplification of the 

                                                 
3 Jacob Nielsen has defined ten usability heuristics [39]. The heuristics emphasizes among other 
things simplicity and that irrelevant or rarely needed information should be avoided.  
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cumbersome task might decrease the expertise regarding the infrastructure. And 
what kind of interface would be needed, if the users were less familiar with the 
infrastructure? 
The main finding of the case study in relation to existing research is that the 
deployment of tailoring facilities to support the changing systems in a rapidly 
developing business environment requires coordination of tailoring and further 
development. This in turn requires communication between users, tailors and 
software engineers.  
Evolution of software is inevitable [17]. The evolution of software can be 
divided into two types; anticipatory and reactive [3]. Anticipatory evolution can 
be planned and prepared for whereas reactive evolution is unpredictable and 
must take place when the need occurs. Tailoring is recognized as a way of 
reducing the efforts when keeping the system up to date through further 
development [22, 26]. Tailoring can be regarded as anticipatory evolution, but 
as we have seen tailoring is not enough in a rapidly changing business 
environment. Since not all changes can be anticipated, there is a need to 
combine anticipatory and reactive evolution, which means that not only users 
and tailors but also professional software developers must be involved in the 
evolution of the tailorable system. 
Several researchers have discussed collaboration between users and tailors, but 
not between users, tailors and professional developers. For example Nardi and 
Miller’s approach [24] differs from ours in that they see local developers and 
programmers as being skilled users, while we take the concepts a step further 
and state that there is also a need for collaboration between users and 
professional developers who can perform programming tasks to extend the 
tailorable software beyond the script level. Stiemerling [29] mentions 
professional programmers when discussing tailoring. He says “…many HCI 
[Human Computer Interaction: authors’ remark] efforts focus on making the 
interface presentation of specific system implementation concepts palatable for 
non-programmers (often with the nice side-effect of making life easier for 
programmers as well)” [29, p.33]. But his remark concerns initial development 
not evolution of the tailoring capabilities. 
In cases such as the one presented here, collaboration between the end 
user/tailor and the developer in question must work satisfactorily because it is 
the developer who must update the view, create a new view, or publish a new 
resource to meet the end-user requirements. Assisting developers to expand 
tailoring capabilities increases the probability of survival of the system, because 
if it is easy for both tailors and developers to make changes the breeding ground 
for collaboration is prepared. 
What we claim is that to make tailoring really successful is to make it possible 
for the tailorable system to evolve beyond the initial intention when building the 
tailorable system. To achieve this there should be an extension of Kahler’s three 
levels of tailoring culture [15] (Section 5.2) to a fourth level of organizational 
embedment of tailoring efforts and official recognition of tailoring activities 
involving not only users and tailors but also software developers. 
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5.7 Conclusion 
In a setting such as the one described in this article where a tailorable system 
evolves continuously, it is not obvious that there must be coordination between 
the tailoring activities and the software evolution activities – this is nonetheless 
important. The evaluation clearly showed us the dependencies between tailoring 
and the further development of the tailoring capabilities. There will, for 
example, always come a time when the end user wants to make changes in the 
system that are not yet supported. In such situations a developer must evolve the 
system by adding some code to the tailorable software to extend the tailoring 
capabilities. In such cases, the collaboration between the end user and the 
developer in question must work adequately in order for the developer to update 
the tailoring capabilities to meet the end user’s requirements. In other words, the 
tailoring activities have to be coordinated with the software evolution activities. 
In a rapidly changing business environment, like the one presented in this paper, 
the requirements change continuously.  
The evaluation also made it apparent how the different actors were aware of 
their colleagues’ skills and of what each individual could contribute. To ensure 
a sustainable tailorable system when deploying a system intended to evolve 
continuously through tailoring, it is necessary to take into account resources 
concerning diverse skills and collaboration between users and developers. 
Without smooth collaboration between the parties this fourth level of tailoring 
culture will not be provided for and therefore the system will soon become 
partially obsolete and the competitive advantages the system provided will 
decrease dramatically.   
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Can End-Users Manage System Infrastructure?  
User-Adaptable Inter-Application Communication  
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Jeanette Eriksson 

 
The study presented in this article was carried out in cooperation with a 
telecommunication operator in Sweden. Since this line of business is 
characterized by fast change the company’s information systems must also 
change rapidly. In such a fast-changing world flexibility is needed in software 
to prevent the software becoming obsolete. One way to provide this kind of 
flexibility is End-User Development (EUD). EUD “can be a strategic solution 
to bridge the productivity gap by allowing end users to directly implement some 
additional features important to accomplish their tasks” [6, p. 7]. One way of 
conducting EUD is end-user tailoring. End-user tailoring enables the end user to 
modify the software while it is being used as opposed to modifying it during the 
development process [4]. Tailoring is also a way to reduce the efforts keeping 
the system up to date through further development. EUD and tailoring are used 
in stand-alone applications or in the case of distributed systems with predefined 
homogenous data sources. Example of such tailorable applications can be found 
in [5, 8]. 
Our industrial partner has some tailorable business systems that communicate 
with other systems in the infrastructure. As flexible connections are needed in 
an infrastructure for flexible systems it is a natural progress to provide the end 
user with the possibility to tailor the communication paths and data flow 
between different systems; a possibility to manage system infrastructure; 
whenever necessary in the system tailoring process. 
Various functionality needed to manage the infrastructure exists in tools for 
system integration (connecting systems) [11-14], network management 
(monitoring the infrastructure)[9], component management (if you choose to 
regard the different systems as components; how the data is structured) [10]   
and report generation (assembling data) [1]. Except for report generation; that 
sometimes supports end users but often need support from developers to fit new 
data sources; these tools are exclusively designed for system experts not for end 
users.  
Accordingly (I) tools for managing infrastructures are designed for system 
experts and (II) tailoring is used in stand-alone applications or in the case of 
distributed systems together with predefined homogeneous data sources. In our 
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case (I) an end-user tool for (II) tailoring communications between different 
distributed heterogeneous data sources is needed. We therefore performed a 
design study to explore the possibilities of providing the end users with such a 
tool using existing standard techniques available at the company. The result was 
a prototype called EDIT (Event Definer for Infrastructure Tailorability). This 
paper describes the structure of EDIT and analyses the lessons learned. 
In the following section we present the problem. In the section thereafter the 
structure of the prototype is described from the user’s, tailor’s and developer’s 
perspective. We then discuss the findings and alternative uses of EDIT. Finally 
we conclude that it is possible to enable the end user to tailor communication 
between different heterogeneous data sources in a large infrastructure. By the 
construction of the prototype we show that it is possible to provide a simple 
solution that take advantage of existing standard technology and that facilitates 
both use and tailoring and also makes it easy to extend the tailoring capabilities 
to ensure the system evolves along with the business tasks. 

6.1 Background 
In the telecommunication business the business environment changes very fast 
and competition is hard. Telecommunication operators compete by among other 
things introducing new types of services to the customers and by improving 
business systems that take care of the business side of the services. But because 
changes are very fast, it takes a lot of effort to keep business systems up-to-date. 
To come to terms with this problem, our industrial partner has invested in 
making some systems tailorable by the end user [2, 3]. 
In a previous project [2], a system handling contracts for payments was made 
adaptable; however, the system communicates with several other systems that 
are not adaptable, e.g. the system managing payment data is not tailorable. 
When creating new contracts or types of payments, adaptability is restricted by 
the fact that the system handling the data can only handle specific data sets. 
This limits the flexibility and reveals the need to tailor the communication paths 
and data flow between different systems as well. 
In our study the subset of the infrastructure that deals with payments served as 
an example of system infrastructure. From now on we will refer to this subset as 
‘the payment system’.  

6.1.1 Problem to be Solved 
The payment system is used for computing certain payments1 determined by 
what contracts are valid; these payments are triggered by specific events. Each 
event that triggers a payment has a set of parameters (data set). Each event type 
has a set of attributes associated with it that limits what conditions a contract 
belonging to it can have. This means that a payment is triggered by an event, 
and all contracts belong to one of the two existing event types. The data 
describing the triggering events is periodically imported from another system 
                                                 

1 To protect the business interests of our industrial partner we can only give an abstract description of the 
system. 
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once a month. The actual payments are made by sending a file to the 
administrative system. 
To make new types of payments, new types of contracts must be implemented; 
this is done by the end users. 
We have just noted that there are only two types of events today, but this is not 
entirely true. Several payments based on events cannot be handled 
automatically by the regular payment system. We call this kind of payment 
‘extra payments’. Extra payments are handled and computed manually but run 
through the payment system in order to send a file to the administrative system. 
Extra payments are also made once a month, like the regular payments.  
The manual procedure to compute extra payments has until recently worked 
well but took a lot of time. But the competitive telecom business is forcing the 
company to come up on a continuous basis with new services; ultimately, other 
types of extra payments are needed. These extra payments are based on new 
types of events, which means that new types of data sets are needed. This 
revealed the need for a tool to define and handle the new events.  
To make the event definer/handler as flexible as possible, it must be able to 
assemble data from different kinds of systems. Experience suggests that it is 
impossible to anticipate how future extra payments will look and which details 
are needed. As a result, the event definer/handler must be able to communicate 
with any system in the infrastructure. What is needed is a tool for inter-
application communication which can be adapted by the user. It is also essential 
that the tool allows expansion of the tailoring capabilities so that new data 
sources can be added.  
The main research question in this article is how to structure a tool that makes it 
possible for end users to manage a large infrastructure and at the same time 
facilitate both use, tailoring and further development of the tailoring 
capabilities.  

6.2 The Prototype - EDIT 
To explore how to solve the problem stated above we developed a prototype 
called EDIT (Event Definer for Infrastructure Tailorability).  EDIT is designed 
to highlight such issues as how to make it possible for end users to: 

• assemble data from different sources 
• set up rules and algorithms that will be performed during computation 
• map data sets to receiving sources. 

It is important that the design is kept as simple as possible to make EDIT as 
easy as possible to understand and survey. If the design is kept simple, it will 
also be easier to visualize new ranges of uses and to extend tailoring 
capabilities. The principle of simplicity also includes use of existing, well 
known standard techniques.  
The users tried out the prototype in a setting close to the real-world environment 
with real-world data, while the users ‘talked aloud’ [7] to express their 
apprehension, perception and understanding of the prototype. One developer 
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working with maintenance of the regular system also evaluated the prototype 
and gave her opinions on it. Advantages and drawbacks concerning use, 
tailoring and expansion of the tailoring capabilities were discussed. All 
employees concerned with the payments participated in the evaluation process.
The reactions of the prototype were positive. 
The prototype has also been successfully tested to fit in a technical sense into 
the infrastructure of the company.  

6.2.1 Middleware 
The company has recently bought a platform which supports integration. A little 
simplified, the platform consists of integration servers, brokers and workflow 
servers [11]. 
The integration server is the platform’s central component at run time and it 
connects internal and external resources to the platform. The integration server 
works as the entrance for the systems and applications to be integrated. The 
services running on the integration server consist of integration logic that 
retrieves data from one resource and delivers it to another [11]. The idea is that 
by subscribing to a service the subscribers shall obtain the information needed 
whenever new information appears. We had a somewhat different intention 
when using the platform: We wanted to collect the information when we need 
it. Instead of passively waiting for the data and then sort out a subset of 
interesting data, EDIT actively gathers the information when needed. The 
platform provides EDIT with information about how to get in touch with 
desired resources and what data is accessible at these resources.  
The integration server could not inform us about which resources are available 
in the infrastructure; we thus had to create a service that makes it possible for 
developers to publish information about their system. To do so, the developers 
set up a database view containing data that can be shared with tailorable 
systems such as EDIT, and then with the aid of a service on the integration 
server, they publish how to connect to the system and what view to use. We call 
this service ‘publishResource’. The service produces an XML file containing 
connection data for all published resources. When EDIT wants to know what 
resources are available, the XML file is fetched from the integration server by 
means of a service called ‘getAvailableResources’.  The third service, called 
‘getMetaData’, provides EDIT with meta data from selected resources, e.g. 
what fields (attributes) can be accessed in a specific database, and what types 
the fields are.  
An advantage of using the integration server on the platform rather than any 
other server is that the integration server already contains services that can be 
combined and extended to fit specific requirements as opposed to making the 
services from scratch. Furthermore, the platform provides a graphical interface 
to the services, which makes it fairly easy for developers to tailor services.  
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6.2.2 EDIT Design 
EDIT is divided into two parts. In one part the end user can tailor 
communication and data interchange between systems, i.e. the end user defines 
the event types. The other part handles the execution of extra payments or 
events. We can call the parts Event Definer (handles tailoring) and Event 
Handler (handles use) respectively. The Event Handler is used once a month to 
run the different extra payments, while Event Definer is only used when 
someone comes up with a new type of extra payment. 
Inevitable there will be a point in time when the tailoring capabilities in the 
system are not enough to perform a new task. To make the tailorable system 
endure over time it is therefore essential that the further development of the 
tailoring capabilities is made easy. 
Figure 6:1 shows a simplified picture of EDIT and its connections to other 
systems. When Event Definer starts, the XML file (‘AvailableDB.xml’) 
containing all the published systems is fetched from the integration server. It is 
possible for the end user to select some of the published resources to avoid 
cluttering the interface with uninteresting systems (‘Publications’). The 
collection can be altered at any time.  This selection is done separately and is 
only altered when new resources are needed to define a new extra payment.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6:1  EDIT 
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Tailoring 
The graphical tailoring interface of the Event Definer has been constructed 
using different steps. These guide the end user through the process, but can also 
be used in arbitrary order as the end user chooses. Some steps must be 
completed once, before the end user can alternate between the steps. The steps 
are revealed one by one and united consecutively. There are seven steps in the 
graphical interface: 
Step 1: Naming the extra payment   
Step 2: Choosing what databases to connect to 
Step 3: Choosing what fields to use from the selected databases 
Step 4: Setting up criteria for what data to collect from the databases 
Step 5: Shows the specified criteria from Step 4 as SQL queries 
Step 6: Setting up algorithms of what to do with the collected data 
Step 7: Mapping the input table structure with the output table structure 
Step 1 simply means that the end user names the extra payment to distinguish 
between different extra payments. As already noted, when EDIT starts the XML 
file ‘AvailableDB.xml’ is fetched from the integration server. In this way, EDIT 
is always up-to-date with whichever systems are available. The end user has 
already sorted out which of the published systems that are normally of interest 
and only these are shown in Step 2. In Step 2, the end user chooses which 
databases to use for the present extra payment.  
The next step (Step 3) is to choose what fields to use from the different 
databases; to make this possible for the end user, EDIT has to know what fields 
there are in the ‘views’ in the different databases. To determine the structure of 
the ‘views’, EDIT calls the service ‘getMetaData’ at the integration server; the 
service then calls the system in question and discovers the structure of the view. 
The information is then collected in an XML file called 
MetaDataSystemName.xml (MetaData.xml). This procedure takes place for all 
the selected databases in Step 2. The structures of the views are then shown in 
the graphical interface, and the end user can make his or her choices. Even if the 
steps can to a great extent be carried out in an arbitrary order, for obvious 
reasons Steps 2 and 3 must be performed once before Step 4 etc. can be 
performed. 
Step 4 is the most advanced step and requires quite a lot of knowledge of the 
business task and data required. In Step 4, the end user must choose what field 
is to be the base for the period selection, e.g. there is likely to be more than one 
field containing dates in the whole collection. The end user must select which 
date field to compare with when executing an extra payment for a specific 
month. In Step 4, the end user must also specify how the different ‘views’ are 
related to each other, how they are linked together, e.g. SystemX is linked to 
SystemY by saying that fieldX in SystemX must be equal to fieldY in SystemY. 
These two tasks in Step 4 are mandatory but setting up selection criteria for 
what data to collect is optional. The graphical interface makes it possible for the 
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end user to drag and drop the field names in slots and set up conditions for 
them, e.g. fieldX must be equal to ‘HI00’ etc.  
Step 5 is somewhat similar to Step 4 as it shows the SQL queries representing 
the criteria the end user has set up for data retrieval. This step exists because it 
should be possible for the end user to set up more complicated (and unusual) 
conditions for data retrieval than those which the graphical interface can 
accommodate. 
Step 6 makes it possible for the end user to specify what algorithms are to be 
used on the collected data. Up to this step, the different displayed systems have 
been kept separate but now the structure from the different ‘views’ is assembled 
to make it possible to combine fields from different databases in the same 
algorithm. We have chosen to focus on how the end users would prefer to write 
the algorithms rather than implementing the algorithms. Therefore how the 
algorithms are performed will not be discussed here.  
Step 7 enables the end user to map the assembled and computed data to a 
receiving system. This is done by showing the structure of the assembled data 
views to the left and the structure of the receiving table to the right in the 
graphical interface; it is then possible for the end user to drag different fields 
from the left table to the right and in this way map the different sources together 
(Figure 6:2).  
 Step 7: Export to Database 
 Event table Export table 

 
 
 
 
 
 
 
 

Figure 6:2 Step 7 

All these choices, criteria, algorithms, mapping etc. are finally brought together 
and arranged into an XML file named according to the name of the payment 
stated in Step 1. An event type is created. The XML file has the same structure 
as the interface of Event Definer: specification of data retrieval, algorithms and 
export.  

Use 
The XML file produced by tailoring is then used whenever the end user decides 
to execute the extra payment. The execution of extra payments is carried out by 
Event Handler in EDIT. The XML file specifies which systems to connect to 
and what data to collect. The business decision stating the integration server 
only to house services facilitating integration and not regular data transfer result 

Datafield Type Import Datafield Type 

Code_DB1 VARCHAR  ID VARCHAR 

Month_DB1 INTEGER Code_DB1 CodeNr VARCHAR 

Date_DB1 DATE Month_DB1 CallMonth INTEGER 

SUM_DB2 INTEGER Date_DB1 Date DATE 

Name_DB3 VARCHAR SUM_DB2 SUM INTEGER 

   SubSum INTEGER 

  Name_DB3 Name VARCHAR 

   PayDate DATE 
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in that the XML file must specify how to connect to the different systems 
directly. When an extra payment is executed, EDIT contacts the chosen systems 
one by one and data is collected from each of these. It is here that the 
relationship or link between the systems the end user specified in Step 4 comes 
into use because the collected data from one system acts as input for the data to 
be collected in the following system, e.g. if there is a link between SystemX and 
SystemY that says that fieldX in SystemX must equal fieldY in SystemY, and if 
the data collected from fieldX has the values ‘H001’, ‘H002’ and ‘K666’, only 
records containing those values in fieldY will be collected from SystemY, and 
so on. The collected data is stored in a temporary database and assembled in one 
table. When the data is collected and assembled in a single table, the events are 
created, and the actual payment procedure can take place. The algorithms are 
then applied to the data and the result is displayed to make it possible for the 
end user to check and correct the result where necessary. By clicking on a 
button, the end user eventually exports the result to the system handling the 
payment in accordance with the mapping specification in the XML file. The 
data in the temporary database is erased when the execution of the extra 
payment is finished.  

Expansion of Tailoring Capabilities 
There will always come a time when the end user wants to retrieve data that is 
not published in an available view. Collaboration between the end user and the 
developer in question must in such cases work adequately because the 
developer must update the view, create a new view or publish a new resource to 
meet the end-user requirements.  
We have described how the middleware provides EDIT with information about 
the surrounding systems; EDIT is not, however, dependent on the middleware 
because XML files, provided by the integration server, could be produced 
manually by the developers. The integration platform makes the integration 
between systems easier because EDIT can easily obtain adequate information 
about the surrounding systems. One of the great advantages of XML is that both 
computers and humans can read it easily if it is kept in a simple form. We have 
tried out this course of action too and even though the middleware greatly 
facilitates the administration of the system and keeps it up-to-date in relation to 
surrounding systems, EDIT work smoothly without middleware. 

6.3 Discussion 
To be able to tailor something the end user must have a general view of what 
can be achieved. This is one of the reasons why we have chosen a simple design 
for EDIT. We believe the overview benefits from an understanding of the 
structure of the application. A simple design facilitates understanding of the 
structure and is it easy to understand then it is easy to use. This has been 
confirmed by the user tests.  
We have in EDIT focused on a design that makes the tool easy to interact with 
for both users, tailors and developers which has led to separations of concerns 
that was reflected in the structure of the application. If we look at the structure 
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of EDIT we can se that providing support for both use, tailoring and further 
development of the tailoring capabilities is done by distinctly dedicate different 
building blocks in the system for a specific interaction and by keeping the parts 
clearly separated. The building blocks are encapsulated in a general shell that is 
not affected if the building blocks are changed. For example when developing 
the tailoring capabilities further the XML-file ‘MetaData.xml’ is produced as a 
result of the developer publishing a new view. When doing tailoring 
‘MetaData.xml acts as input, but the activity produces a new XML-file 
‘paymentX.extra’ and this file then acts as input for using the system. In other 
words the different activities only produce output to one part of the system 
(Figure 6: 3).  

 
 
 
 

Figure 6: 3 Division into three parts 

This division into three parts can be observed in other tailorable applications too 
(Chapter Three). The phenomenon occur when it is required to facilitate not 
only use and tailoring but also further development of the tailoring capabilities. 
If the division into three parts can be regarded as a guideline of how to structure 
such a system will be explored in the future.  
The division of EDIT into three parts makes it uncomplicated to use EDIT in 
settings other than those aimed at computing extra payments. As long as the 
developer directly or indirectly; by assistance of a integration server; provides 
EDIT with information of how to connect to the data sources any setting 
involving collecting and manipulating data from different sources is supported.  

6.4 Conclusion 
The preconditions that have to be fulfilled to be able to answer ‘yes’ to the 
question “Can users manage system infrastructure?” are that the end users have 
solid knowledge of the nature of the task and what data is required to perform 
the latter, but also a working collaboration between developers and end users 
when the possibilities for end users to manage the infrastructure must be 
extended.  
We have shown in the example of EDIT that it is possible to enable the end user 
to manage and tailor communication between different heterogeneous data 
sources in a large infrastructure. It is even possible to do this in a simple way 
with small means and at the same time facilitate not only use and tailoring but 
also further development of the tailoring capabilities.  
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