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Tailoring Co-operation 
 
 
Tailoring is an area of research in CSCW that allows interlacing design and use in a radical 
new way. Tailoring is closely related to end-user programming (e.g. spreadsheet development) 
and a general term to encompass both endeavours is End-User Development. This workshop 
address tailorability in context of evolving existing systems and applications to the needs of 
cooperative work practices and organisations. It includes also the cooperative activates of 
tailoring itself; i.e. collaboration between end users to accomplish tailoring and indirect 
collaboration between developers and end users to simplify the understanding of tailorable 
systems.  

The goal of the workshop is to compare and relate existing research on tailoring and end-
user development in the CSCW community, to explore the challenges and future potentials of 
these technologies, and to identify further directions for research on end-user development in 
cooperative settings. The workshop is organised in co-operation with the European network of 
excellence on End-User development. (http://giove.cnuce.cnr.it/eud-net.htm). 

 
Cooperative work practices are not static. External changes pose new requirements on both 
cooperation and computer support. In ongoing communication and articulation work, structures 
established for the distribution and coordination of work are continually developed. CSCW 
applications should therefore be flexible and adaptable to support these evolving practices of 
cooperation. (Bentley & Dourish, 1995, and Kahler et al., 2000)  

Tailorable systems provide users with the possibility to adapt system functionality at 
runtime. This is meant for non-professional IT-people, since they are the foremost experts on 
their own work. However, this is not an easy task because the balance between users’ IT 
competence and easy-to-develop systems must be given careful attention. It is not only one 
user behind the screen when making adaptations to a tailorable system; groups, communities 
and organizations are needed to develop and adapt computer support to fit their specific needs 
and the dynamics of the workplace. 

Tailoring and end-user development in cooperative contexts is itself a cooperative activity 
(Trigg & Bødker, 1994). Changes must be deliberated before implementation can take place, fit 
with the software design and be accepted in the joint workplace. Tailored artifacts and 
programs are likely to be shared (Henderson & Kyng, 1991), but this is no panacea and 
requires specific consideration by developers of tailorable systems. Others can then use them 
and develop them further. This technique has already proven itself in developer communities 
(e.g. open source development). However, for this to be a success in non-professional user 
communities, it requires the tailors to document their contributions, such as with annotations 
and design rationale. New roles in user communities like ‘super-users’ and local developers will 
emerge (Gantt & Nardi, 1992) as well as new forms of cooperation between users and 
developers (Mørch & Mehandjiev, 2000) 

The requirements for usability of tailoring interfaces and end-user programming 
environments are arguable harder to develop than the applications’ basic functionality and user 
interface (since usability needs to be combined with easy-to-develop). The possibilities and 
limitations of tailorability have to be designed and presented in a way that is comprehensible 
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not only for computer professionals, (Mørch & Mehandjiev, 2000) and the design of the tailoring 
features of an application must be fitted not only with the system’s user interface, but also with 
the use, technical and development contexts (Dittrich & Lindeberg, 2003) 

 
The different contributions to the workshop bring together a variety of perspectives. One part is 
based on empirical research on the use and design of tailorable systems where tailorability 
evolved as an important requirement for the software. Others take a more systematic approach 
and outline technical possibilities to match future needs. The gap between technical 
possibilities and what is needed in the concrete use situation is taken up by several of the 
contributions.  

The variety of contributions shows there is a need for continued discussion of the different 
techniques and needs for tailorable software within computer supported co-operative work. The 
workshop can be seen as a stepping-stone to understand the needs and complexity and to 
explore the intersection between end-user development and computer supported co-operative 
work in a more systematic way. 
 
 
 
Yvonne Dittrich, Blekinge Institute of Technology, Sweden,  
 and IT-University in Copenhagen, Denmark 
Anders Mørch, Oslo University, Norway 
Volker Wulf, University of Siegen and Frauenhofer FIT, Germany 
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Meta-Design: Empowering Users to Act as Designers 
Gerhard Fischer 

Center for Life Long Learning (L3D),  
Department of Computer Science and Institute or Cognitive Science, 

University of Colorado, Boulder 
USA 

 
  
SUMMARY STATEMENT 
Our research has explored for more than a decade the 
fundamental challenge to create computational media that can 
contribute to the invention and design of cultures in which 
humans can express themselves and engage in personally 
meaningful activities. Unfortunately, a large number of media 
are designed from a perspective of seeing and treating humans 
primarily as consumers. In personally meaning and important 
activities, the possibility for humans to be and to act as 
designers (in cases in which they desire to do so) should be 
accessible not only to a small group of “high-tech scribes,” but 
rather to all interested individuals and groups. 
My position paper provides a brief characterization of the 
following contributions to the workshop: (1) introducing the 
concept of meta-design; (2) characterization of a framework for 
meta-design including (a) the Seeding, Evolutionary Growth, 
Reseeding (SER) model and (b) unselfconscious culture of 
design; and (3) discussing the concept of power users who 
emerge in design cultures supported by meta-design. 
 

1. META-DESIGN  
Meta-design characterizes objectives, techniques, and processes 
for creating new media, environments, and organizations that 
allow learners to act as designers and be creative thereby 
supporting social creativity. The need for meta-design is 
founded on the observation that design in the real world 
requires open systems that users can modify and evolve. 
Because problems cannot be completely anticipated at design 
time (when the system is developed), users at use time will 
discover mismatches between their problems and the support 
that a system provides. These challenges have been identified in 
our earlier research projects by analyzing SimCity as a closed 
system and its fundamental limitations for supporting social 
creativity. 
In our research we are investigating fundamental aspects of 
meta-design such as: 

1. approaches for supporting domain-orientation by 
bringing tasks to the forefront and providing time on 
task, thereby supporting specific communities of 
practice (Fischer and Lemke 1988);  

2. the use of techniques such as critiquing, simulations, 
and argumentation to increase the back-talk of the 
artifacts (Schön 1983; Fischer and Nakakoji 1992); 

3. frameworks and principles for the creation of open, 
evolvable systems to put owners of problems in 
charge, allowing users to invest the world with their 
own meaning and to use tools to accomplish their 
own purposes (Illich 1973; Fischer and Ostwald 
2002); 

4. collaborative technologies to allow all participants to 
move from access to informed participation by 
supporting not only passive consumers but active 
contributors as well (Arias, Eden et al. 1999; Fischer 
and Ostwald 2002).  

 

2. SUPPORT FOR META-DESIGN —  
A MUST FOR LARGE-SCALE DESIGN 
PROJECTS 
Large-scale design projects are inherently collaborative and 
ongoing. The artifacts produced in these projects must function 
for years, long after the initial design phase is complete. During 
this time, the environment in which the artifact functions may 
change, and change in ways that were not anticipated by the 
original designers. If the artifact cannot be adapted to it’s 
changing environment, it will cease to be useful. One way to 
view this need for adaptation, is to think of the lifecycle of an 
artifact as an ongoing design process (“design-in-use”) to 
emphasize that design of an artifact happens alongside use.  
 

3. COMPONENTS OF A CONCEPTUAL 
FRAMEWORK FOR META-DESIGN 
3.1 The Seeding, Evolutionary Growth, 
Reseeding Model 
Meta-design transcends participatory design (PD) (Fischer and 
Ostwald 2002) which has focused on system development at 
design time by bringing developers and users together to 
envision contexts of use. But despite the best efforts at design 
time, systems need to evolve at use time to fit new needs, 
account for changing tasks, and incorporate new technologies. 
In this paper, we argue that systems should be designed as 
seeds that are able to evolve. 
The evolutionary growth of the seed is driven by informed 
participation, in which active users explore complex design 
problems and, in the process, create new information. When 
evolutionary growth can no longer proceed efficiently, a 
reseeding phase is required to organize, formalize, and 
generalize information so that it may support a new period of 
evolutionary growth. 
Informed participation requires social changes as well as new 
interactive systems that provide the opportunity and resources 
for social debate and discussion rather than merely delivering 
predigested information to users.  
The Seeding, Evolutionary Growth, Reseeding (SER) model 
(Fischer, Grudin et al. 2001) is a descriptive and prescriptive 
model for large evolving information repositories. It postulates 
that systems that evolve over a sustained time span must 
continually alternate between periods of activity and unplanned 
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evolution, and periods of deliberate (re)structuring and 
enhancement. The SER model encourages system designers to 
conceptualize their activity as meta-design, thereby aiming to 
support users as designers in their own right, rather than as 
passive consumers of systems and information. In this 
perspective, users are seen as knowledge workers who do 
design and solve problems, as well as designers in use who 
modify their systems as needed to suit their purposes. 
We have explored the feasibility and usefulness of the SER 
model in the development of domain-oriented design 
environments, organizational memories, course information 
environments, and open systems approaches. The evolutions of 
these systems share common elements, all of which relate to 
sustained knowledge use and construction in support of 
informed participation. 

3.2 Unself-Conscious Cultures of Design 
When users of an artifact are able to recognize and repair 
breakdowns in use, they are empowered to maintain the fit of 
their artifact to its changing use environment. Alexander 
(Alexander 1964) was an architect and design methodologist 
who wanted his buildings to be continually maintained and 
enhanced in this manner by the people who inhabited them. He 
coined the phrase, unselfconscious culture of design to describe 
this form of design-in-use. In unselfconscious design, 
breakdown and correction occur side by side; there is no formal 
set of rules describing how to repair breakdowns, since the 
breakdowns were not anticipated. Instead, the knowledge to 
repair breakdowns comes from the knowledge of the user, who 
is best able to recognize a lack of fit, and how the artifact 
should be changed to improve it’s fit to the environment. 
In an unselfconscious culture of design, the failure or 
inadequacy of the form leads directly to an action to change or 
improve it (e.g., the owner of a house is its own builder, the 
form makers do not only make the form but they lived with it).  
This closeness of contact between designer and product allows 
constant rearrangement of unsatisfactory details. By putting 
owners of problems in charge, the positive elements of an 
unselfconscious culture of design can be exploited in the 
development of software systems. 
How can we support unselfconscious cultures of design? 
Evolution of complex systems is a ubiquitous phenomenon. 
This is true in the physical domain, where, for example, 
artificial cities such as Brasilia are missing essential ingredients 
from natural cities such as London or Paris. “Natural” cities 
gain essential ingredients through their evolution — designers 
of “artificial” cities are unable to anticipate and create these 
ingredients. It is equally true for computational design 
environments that should be considered as “living” entities. The 
driving forces behind the evolution of these environments is 
their use in solving real-world problems as well as the changing 
nature of the world, specifically as it relates to technology. 
End-user modifiable systems provide the enabling conditions 
for an unselfconscious design culture by putting owner of 
problems in charge. Breakdowns in such environments are 
experienced by the end-users and not by the system builders. 
End-users need the ability to continually and directly evolve 
and refine their information space, without relying on “high-
tech scribes”. 

 
 selfconscious unselfconscious 

definition an explicit, externalized 
description of a design 
exists  
(theoretical knowledge) 

process of slow adaptation 
and error reduction; 
 
situated 

original 
association 

professionally-
dominated design 

primitive societies, 
handmade things 

examples seeding and reseeding 
design cities: Brasilia, 
Canberra, Abudja 

evolutionary growth 
naturally grown cities: 
London, Paris 

strengths activities can be 
delegated;  
 
division of labor 
becomes possible 

many small improvements 
 artifacts well suited to 

their function 
coping with ill-defined, 
unarticulated problems 

weaknesses many artifacts are ill-
suited to the job 
expected of them 

no general theories exist 
or can be studied  
(because the activity is not 
externalized) 

requirements externalized descriptions 
must exist 
issue: how adequate is 
this externalized 
description? 

owner of problems must 
be involved because they 
have relevant, unarticu-
lated knowledge 

Table 1: Selfconscious and unselfconscious cultures of design 
 

4. THE ROLE OF POWER USERS IN 
META-DESIGN 
The end-user modifiability and end-user programming features 
themselves add even considerably more functionality to 
complex systems — and our empirical analyses clearly show 
that not too many users of these complex systems are willing to 
engage in this additional learning effort. Beyond just defining 
the extensions, they need to be integrated (stored, made 
retrievable, sustained) in the work environment.  
The goal of making systems modifiable by users does not imply 
transferring the responsibility of good system design to the 
user. Normal users will in general not build tools of the quality 
a professional designer would. In fact, they are not concerned 
with the tool, per se, but in doing their work. However, if the 
tool does not satisfy the needs or the tastes of the users (which 
they know best) then users should be able to adapt the system 
without always requiring the assistance of developers. Gantt 
and Nardi (Gantt and Nardi 1992) have observed the emergence 
of ““power users” (also called “gardeners and  “local 
developers”) who are technically inclined to perform system 
modifications that other end-users are unable to perform. End-
user Modifiable systems, together with power users who can 
perform modifications, enable a process of co-adaptivity 
between users and system.  
Professional programmers and end-users define the endpoints 
of a continuum of computer users. The former like computers 
because they can program, and the latter because they get their 
work done . In our research we have pursued the following 
approaches towards end-user development over the last 15 
years: 

1. offer task-specific languages that take advantage of 
existing user knowledge (e.g., a mathematician 
already knows the mathematical knowledge 
embedded in Mathematica, and an accountant already 
knows the conceptual model behind spreadsheets); 
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2. provide  programming environments that makes the 
functionality of the system transparent and accessible 
so that the computational drudgery required of the 
user can be substantially reduced; and accessible so 
that the computational drudgery required of the user 
can be substantially reduced; and  

3. hide low-level computational details as much as 
possible from the users.   

5. SHORT BIO 
Gerhard Fischer (http://www.cs.colorado.edu/~gerhard/) is a 
professor of Computer Science, a fellow of the Institute of 
Cognitive Science, and the director of the Center for LifeLong 
Learning & Design (L3D) at the University of Colorado at 
Boulder. Current research interests include new media 
supporting lifelong learning, human-human and human-
computer collaboration, (software) design, knowledge 
management, domain-oriented design environments, and 
universal design (assistive technologies). More information 
about the (L3D) center can be found at: 
http://www.cs.colorado.edu/~l3d/ 
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Future Challenges of Tailoring and End User 
Development 
Nikolay Mehandjiew 

Department of Computation  
UMIST 

Manchester, UK 
 

  
1. WHAT DO USERS NEED TO DO 
THEIR WORK? 
What do people need from information technology to support 
their work in contemporary organisations? Management and 
information systems studies would suggest their needs are 
characterised by globalisation, agility, effectiveness and 
diversity. Mobile professionals require global access to easily 
changeable information which can provide effective support for 
diverse decisions and tasks at the instance of need.  
The following scenario can be used to illustrate these needs: 
(a) During a business trip to Japan, Carl is called by his 

manager. His company is considering the acquisition of 
the Spanish firm Vista. Carl is asked to make a decision 
whether to go ahead with the acquisition within the next 
48 hours. His business meetings will proceed as planned 
over the next several days.  

(b) Carl downloads Vista’s profit and loss accounts from the 
Spanish Company House database, and uses them to 
create a sophisticated financial model of the company 
using a spreadsheet. 

(c) Part of the model is the real-time stock price of Vista on 
the Madrid Stock Exchange. Carl uses a web service run 
by Financial Times to pipe the real-time information into 
the spreadsheet. 

(d) Carl ensures that any e-mail relating to the acquisition 
reaches him instantly by setting a special filter on his e-
mail server to deliver any such e-mail as an SMS message 
to his mobile phone. 

(e) The next step takes him some time, but Carl expects the 
results to be worth the effort. Carl sets his intelligent 
assistant agent to scour the Web, find any news of 
relevance to Vista and its line of business, and rank the 
results according to several factors. The important news 
are then piped through an automatic text summarisation 
service and sent to Carl via SMS. The less important ones 
are e-mailed to Carl – they can wait until the evening 
when Carl reads his e-mail.  

(f) Some of the e-mails and news items can be in Spanish. 
This is not a language Carl knows. He sets his e-mail and 
SMS summariser program to automatically detect any 
incoming text in Spanish and invoke a translation service 
from Spanish to English. A special rule deals with legal 
documents in Spanish. Automatic translation of those is 
too dangerous, so they are sent with a high-priority e-mail 
to the legal department of Carl’s company who would 
translate the legal terminology in a proper manner and 
forward the results to Carl. 

(g) Thus set, the correct information reaches Carl in a just-in-
time manner, and helps Carl make a professional and 

well-informed decision within the deadline stipulated by 
his manager. His business meetings are also going well, 
although some of the social programme has been cut short 
because of the extra commitment.  

This is a fictional scenario, but the information needs described 
here exist today. The globalisation of business and increased 
agility of decision-making have brought in expectations of 
global and instantaneous access to personal and work 
information spaces, collaboration across boundaries and time 
zones, and diversity of content in terms of media and language. 
 

2. CAN WE DO THIS SCENARIO 
TODAY? 
Interestingly, most of the technologies described in the scenario 
also exist today. Microsoft Access can use Smart Tags to link a 
company’s name to their real-time share price, e-mail filtering 
and prioritisation rules allow flexible control and forwarding of 
e-mail messages, e-mail service providers can forward e-mail to 
text messages on mobile phone, text summarisation and 
translation programs are getting more effective and powerful.  
The scripting together of all these techniques to provide the 
flexible and agile access needed by Carl in this scenario, 
however, is still far from common practice. My research 
interests in the field of end user development focus on 
answering the following questions related to this: 

Q1. Why is user tailoring currently not a common 
practice? 

Q2. Can we provide better support for user tailoring?  
Q3. How can we promote user tailoring in organisations?  
These three questions are used to organise the remaining part of 
this position paper. 
 

3. WHY IS USER TAILORING CUR-
RENTLY NOT A COMMON PRACTICE? 
Some people will argue that user tailoring is in fact a common 
practice, albeit for specific work activities in narrow domains. 
Spreadsheets are the often cited example of pervasive user 
tailoring, but other examples also exist, for example creating 
personal WWW home pages by modifying templates provided 
by the users’ Internet Service Provider, developing 
sophisticated animations on presentations, customising 
computer desktop settings, “skinning” of Windows applications 
to personalise their look, etc. Simple single-user applications 
are the favourites for successful user tailoring, whilst 
complicated spreadsheets cause a large percentage of errors to 
be introduced by user development and tailoring (Panko 1996). 
Historically, some of the first programs were written in 
FORTRAN by engineers and scientists to conduct advanced 
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calculations related to their work. The complexity of these 
programs was contained within the mathematical algorithm, a 
domain well understood by the user-developer. COBOL was 
developed to extend this practice to the business domain, the 
vision promoted at the time was a business manager dictating 
COBOL to her secretary, bypassing the need for programmers. 
This vision was later updated for the fourth generation 
languages, and later still for natural language interface to 
intelligent computers. 
Despite all the hopes and technology advances, this vision has 
largely failed to take off. I believe the “blame” for this should 
be shared equally between the following groups of factors: 

Complexity: Conceptual models of realistic work tasks are 
complex, and difficult to map to functionality of software 
components and interactions between them. Bridging the two 
different domains (work and software) adds to this complexity. 
For example, the difficulties in using software configuration 
management software and tailoring its functionality don’t come 
from the complexity of the technology, but from mistakes in 
following the complicated branching and merge processes and 
mapping this to software functionality. 
Technology: Software development is still a technology-driven 
activity, and new programming languages (such as Java, C#), 
knowledge specification formalisms (the Semantic Web stack), 
software interoperability standards (Web Services stack) and 
software architectural approaches (Web Services, Grid 
computing, J2EE) emerge with increasing frequency.  The 
focus on new technologies tends to “push” features into 
applications, features which are not really necessary but add to 
the conceptual complexity of this application. 

Organisational factors: The emergence of the personal 
computer and simple database systems lead to the appearance 
of “islands of information”, small databases developed for a 
specific task or purpose, which were not integrated with the 
central databases of the organisation. Companies reacted by 
banning such practices and introducing strict controls on 
workers’ desktops. Other organisational factors impeding user 
tailoring include the lack of rewards and recognition for user 
tailors, resistance by IS departments, and lack of technical 
support for user tailors. 
The next two sections introduce some activities I have been 
involved with which aim to address these three groups of 
factors. 
 

4. CAN WE PROVIDE BETTER 
SUPPORT FOR USER TAILORING? 
To study the degree to which current EUD tools help the user 
manage the cognitive complexity of the development and 
tailoring work, we at UMIST have created a classification 
framework of EUD [Sutcliffe, Lee and Mehandjiev 2003], 
where EUD research systems are positioned along the 
following three dimensions: 
Scope of EUD Development: from systems developed to 
support user within a narrow domain of expertise to general-
purpose programming environments.  
Representation and means of communicating with the user: 
from concrete (natural and example-driven) to abstract (non-
natural and formal). 
System Initiative: this ranges from systems that are passive 
interpreters of user commands to those that provide intelligent 

assistance and are capable of inferring users’ programming 
intentions by watching examples, or discussion with users. 
We believe that systems that combine domain-oriented 
constructs with intelligent critique of user’s actions and 
intentions are the most promising in terms of addressing the 
complexity of mapping a domain task to programming 
functionality. These systems are often referred to as DODEs 
(Domain-Oriented Development Environments) (Fischer 1994) 
or Microworlds (Repenning 1993). Their users are often in the 
positions of both developers and language designers as they add 
new domain components to be used in the program 
construction. 
ECHOES (Mehandjiev 1997) is an example of such a system, 
where office administrators are provided with a set of visual 
domain-oriented representations and constructs so that they can 
tailor their workflow systems “on-the-go”. The system is also 
meant to allow evolution of the tailoring representations itself 
(meta-evolution), although not by the end users themselves. 
The architecture of the system is designed to allow both 
evolution of representations and expansion of the scope of 
tailoring in a modular plug-and-play fashion whilst preserving 
the integrity of the underlying software executable. The 
architecture uses event notification mechanism between 
representation modules to implement a distributed user-facing 
domain language which is richer than the canonical language 
used to control the executable software. This allows evolution 
of the user-facing domain language whilst preserving the same 
underlying software system. 
SID (Mehandjiev and Gaskell 2001) is a further development of 
the architectural ideas behind ECHOES to enable the 
collaborative construction and tailoring of decision-support 
models. The architecture combines distributed high-level end 
user language with flexible concept repository, so that new 
concepts can be defined and linked to information sources 
instantaneously by people who are involved in making strategic 
decisions in an organisation.  
The architectural ideas behind SID and ECHOES address 
factors that impede user tailoring belonging to both the 
complexity group and to the technology group. To address 
properly the organisational group of factors, we need further 
studies of issues, practices and perceptions of end user 
development and user tailoring at organisational level.  
 

5. HOW CAN WE PROMOTE USER 
TAILORING IN ORGANISATIONS? 
To address the organisational aspects of user tailoring, UMIST 
ran a workshop which was co-funded by EUD-Net and ISEN, 
two networks of excellence in End User Development and 
Interdisciplinary Software Engineering, respectively. The 
summary results from the workshop are available from 
http://www.co.umist.ac.uk/EUD-net/documents/Report.doc . 
What was evident throughout the discussions was the need for a 
systematic approach to end user development, where 
technological advances should be combined with empirical 
studies of organisational practices. This will then inform 
organisational measures to support end user development and 
user tailoring, such as introducing systems of recognition and 
rewards for users who spend time tailoring their information 
systems to improve the results from their work, creating a risk 
map of organisations and using them to introduce safety areas 
(“playpens”), where user tailoring can be practices and trialled 
without risking core organisational functions.  
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6. WHAT SHOULD BE DONE NEXT? 
Effective realisation of end user tailoring to help Carl in his 
task by bringing the introduction scenario to reality depends on 
a number of cognitive, organisational and technical factors. The 
technologies to enable the necessary data manipulation and 
filtering in a user friendly manner are in existence today. They 
can be improved in terms of unifying interactions across 
computer platforms and software packages, and avoiding 
technology “push” in software functionality.  
The critical factors, however, which are still missing and thus 
impeding effective end user tailoring are (a) a cognitive 
framework to manage the complexity of interactions between a 
task and its computer support, and (b) a system of 
organisational support to reward Carl for his extra effort whilst 
making sure that he does not cause damage to business-critical 
information. I strongly believe that it is work in these two 
directions which will provide the main challenges in user 
tailoring over the next decade. 
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ABSTRACT 
This paper presents the “Evolving the Painters’ Palette” 
metaphor (painter’s palette in short form) and draws 
implications of this for tailoring tools in end user development 
(EUD) environments. A goal is to make tailoring available in 
the use context. The painters’ palette has been extensively used 
as metaphor for computer applications (e.g. MacPaint and MS 
Word to name a few), but it has not yet been widely adopted in 
EUD. Many end-user development environments adopt a 
metaphor from systems development inherited from 
programming languages and compilers (edit-compile-debug 
model). Although high-level and visual languages have been 
proposed, such as the spreadsheet formula language and visual 
condition-action rules, these languages require the users to 
think in terms of programming abstractions (i.e. conditionals, 
loops, repetition). An alternative model for EUD, the 
components approach, is advocated in this paper. The 
components approach allows applications to be built by direct 
manipulation of visual components: selecting and connecting 
components by drag and drop techniques. In these 
environments the composition editor has replaced the language 
editor as the main tool for development. Tailoring is suggested 
as a technique for supporting variability (modification and 
alternative ways of seeing functionality) within the context of a 
selection-connection-modification cycle (Mørch, 2002). 
 

1. INTRODUCTION 
Two kinds of discrepancies have surfaced in the literature on 
HCI and Software Engineering with direct implications for end 
user developer environments. First there is the discrepancy 
between language and components as tool for creating new 
applications. The ‘language approach’ is useful when it comes 
to building new artefacts and functionality (e.g. spreadsheets or 
domain specific applications), whereas the components 
approach is useful when modifying existing artefacts and 
environments. Both approaches have advantages and 
disadvantages. A language makes it possible to create new 
functionality, but if the language is general it will prevent non-
expert users from taking full advantage of it. If it is constrained 
(high level) it will only be able to support the creation of 
applications within a small band if interest. The success stories 
in this category have been high-level visual languages 
embedded in domain-specific environments, such as 
AgentSheets (Repenning & Sumner, 1995) and Cocoa (Heger, 
Cypher & Smith, 1997). One the other hand, the ‘components 
approach’ makes it possible to build systems for a variety of 
application domains when the development environment 
provides a rich set of general-purpose, high-level components 
such as AWT and SWING (Java application user interface 

components). A disadvantage of this approach is that it is 
difficult to add new functionality (logic) without recourse to 
programming. Another limitation is that general interfaces 
(many connection points between components) are much harder 
to understand than constrained interfaces (fewer connection 
points), with the effect that ease of use limits the number of 
interesting applications that can be created.  
A second discrepancy of relevance to EUD is the difference 
between two lines of evolution underlying the components 
approach. This can be traced back to two seminal papers: one 
by Doug McIlroy and the other by Alan Kay.  
McIlroy (1968), a visionary programmer, was among the first to 
provide a systematic account of the  ‘components approach’ in 
software development.  He would base his ideas by proposing 
solutions to problems in software engineering based on 
analogous solutions to similar problems in other domains where 
mass production played a key role, such as computer chip 
manufacturing and car manufacturing.  He expected families of 
software routines to be constructed by combining reusable, off-
the-shelf components that would fit together with other 
components in a number of different ways, like transistors and 
capacitors combine on a circuit board.  Two premises of this 
were black boxing and variability. Black boxing would ensure a 
component had a well-defined interface and a hidden (black 
boxed) internal mechanism built and tested according a 
specification that would be available in a ‘parts catalogue’. 
Variability was the key to mass production because variability, 
he said, “means multiplicity of what the manufacturing industry 
would call ‘models’ or ‘sizes’ rather than multiplicity of 
replicates of each” (McIlroy, 1968). His vision has been 
influential in software engineering and application 
development. Today there are many domains that have 
accumulated component reuse libraries, such as mathematics 
and scientific computing. However, this has not transferred to 
all areas of software engineering and building general-purpose 
software systems by reusing off-the-shelf components is far 
from the reality in today’s professional software development.   
Kay (1977), a visionary designer of computer applications, 
proposed application developers should not automate the users’ 
tasks, but rather provide them with computer palettes (“menus”) 
of materials representing specific domains. With this “palette” 
they would have the freedom to create a range of different 
products depending on the domain they were interested in 
exploring (music scores, diagrams, texts, etc.). Most of today’s 
GUI applications adhere to this philosophy, allowing users to 
select functionality from a menu of icons representing the tools 
and materials of a domain, such as text editing. This ‘menu of 
icons’ metaphor (now referred to as direct manipulation) was 
first introduced in the Xerox Star user interface; later 
reintroduced on the Macintosh (e.g. MacPaint) and more 
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recently by Microsoft in the MS Office suite. In this paper I use 
the term painter’s palette to refer to this metaphor due to its 
origin in the set of examples presented by Kay (1977), some of 
which made references to the visual arts.  
The painter’s palette metaphor has spawned many lines of 
innovations since it was first introduced, but in this paper we 
are primarily interested in the line that has led to component 
palette libraries of integrated development environments 
(IDEs), such as the AWT palette in the Composition Editor of 
IBM’s Visual Age for Java (see Figure 1).  It is worthwhile to 
note a pattern in the item type of these palettes: they have 
changed from materials to tools. One the left in Figure 1 the 
entries are material (paint) and on the right they are tools (user 
interface widgets). In between there are intermediate stages, 
combining materials and tools (drawing program palette). This 
latter type of palette (tool palette) is of particular interest from 
the point of view of EUD because the artefacts that can be 
created from it (computer application interfaces) are built out of 
the same material as the palette itself (and the system it is part 
of) and. When taken advantage of this palette can be applied to 
itself to support modification (tailoring) of the system. One can 
even envision tailorable component-based applications 
conceived this way: consisting of palettes for their own further 
development that are automatically ‘extracted’ at run time upon 
demand by end user developers. This forms the crux of our 
approach and it illustrates how we perceive the integration of 
the components approach with tailoring and end user 
development.   

 
Figure 1:  

Three stages in the evolution of the painter’s palette toward a 
GUI design environment. Gradually, tools have replaced 

materials as entries in the palette: 1) Painter’s palette 
(materials), 2) drawing program (materials and tools), 3) 

application design environment (tools). 
 

2. RATIONALE   
The general issue we address in our work (Mørch, 2002; Mørk, 
2003; Wilberg, 2003) is how to make component-based 
applications tailorable (modifiable) at runtime. We approach 
this by the following working hypothesis: Presenting an 
application’s ‘palette of parts’ in the runtime environment of 
the application will allow users to tailor it without recourse to a 
programming language. 
The strategy we follow is to keep users in the use context as 
long as possible, since this is their comfort zone and we cannot 
expect them to be more than (advanced) users. Diverging 
considerably from the use context may create breakdown 
(Fischer, 1994). Most users are familiar with a selection-
connection-modification cycle from everyday use of computer 
applications, such as drawing programs. When this model is 
extended to an end user development environment it will be a 

small step up for users to participate in design activity. The 
tools for design are already at their disposal (ready to hand). 
When they are presented in a ‘palette of parts’ they are raised to 
a slightly more complicated level of abstraction (from use to 
designer mode; i.e. present at hand). In this way the gap 
between tool instance and tool abstraction will be minimal, the 
expertise required for participation is lowered, and the notion of 
‘language’ may no longer be relevant to describe design 
activity. Rather, it is an advanced form of use that leverages 
familiarity of using applications. 
A reason for integration of the components approach with 
tailorability is partly a result of our empirical findings in 
student knowledge building with collaborative learning 
environments to create multimedia presentations (Rasmussen, 
2003). The students are quite apt at creating new artefacts by 
copy/paste of existing artefacts and integrating them in fanciful 
ways, even when the sources comes from different media types 
(text, sound, video). 
How to transfer this kind of activity to the EUD is not without 
its difficulties, both for computational environments, new user 
activities and institutional acceptance.  
 

3. OPEN ISSUES FOR DISCUSSION 
• What operations are needed to tailor a component 

within the selection-connection-modification context 

• Reconnecting components may require programming 
(glue code). How to overcome this challenge? 

• How to prevent tailors from putting a (re-wired) 
application in an erroneous state as a result of 
modification 

• Doesn’t this approach also include an implicit edit-
compile-debug cycle, since it is difficult to “hide” all 
programming detail from a tailorable software 
component? 

• How to make use of glass-boxing in addition to 
black-boxing as encapsulation strategy for 
components 

• How to decompose and application into a palette of 
parts? 

• How to create new kinds of palette entries, i.e. 
abstraction of parts not already present in the 
application 

• What lessons can be learned from the varying degree 
of success the past 35 years when it comes to offering 
variability options in off-the-shelf software 
components  
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ABSTRACT 
Software Shaping Workshops are software environments that 
support various activities of End-User Development (EUD) and 
tailoring. The work described here introduces a perspective on 
system tailoring, distinguishing between tailored and tailorable 
software environments. Such environments are tailored by the 
developers to the work context, culture, experience, and skills 
of users ; they are also tailorable by the users at runtime in 
order to adapt them to the specific work situation. The approach 
is illustrated with reference to cooperative work that is 
performed in a medical domain.  
 

1. INTRODUCTION 
The research in Computer Support Cooperative Work (CSCW) 
is currently considering tailoring and End-User Development 
(EUD) in cooperative contexts as a cooperative activity itself 
(Trigg and Bødker, 1994). This is still in accordance with 
Wilson’s definition: “CSCW [is] a generic term which 
combines the understanding of the way people work in groups 
with the enabling technologies of computer networking, and 
associated hardware, software services, and techniques” 
(Wilson, 1991). The term groupware is often used as 
synonymous of CSCW, although, paraphrasing the definition 
provided in (Ellis et al., 1991), it refers to computer-based 
systems that support groups of people engaged in a common 
task (or goal) and that provide access to some environments 
through a tailored interface.  
Groupware can be classified according to time, using the 
distinction between synchronous (same time) and asynchronous 
(different times), and to location, using the distinction between 
face-to-face (same place) and distributed (different places). 
These two features allow one to build a two-dimension matrix 
where groupware systems can be classified as follows (Ellis et 
al., 1991): 1) same place, same time (face-to-face interaction); 
2) same place, different time (asynchronous interaction); 3) 
different place, different time (asynchronous distributed 
interaction); 4) different place, same time (synchronous 
distributed interaction). The approach presented in this paper 
aims at giving a methodology for the design and development 
of computer systems organized as Software Shaping 
Workshops, i.e. as software environments that support various 
activities of EUD as well as cooperative work among people 
distributed in different places in an asynchronous way (case 3). 
We do not preclude considering the other cases in the future. 
An increasing number of people are willing to use computers to 
perform tasks related to their own professional activities. 
Groupware systems may facilitate their interaction by the 
exploitation of large information bases and communication 

technology. The example discussed in this paper refers to the 
medical domain, where different specialists require 
consultations from their colleagues to reach a diagnosis. 
Consultations and diagnosis are obtained by the use of 
groupware systems. However, up to now, users not expert in 
computer science often find difficulties in using software 
systems to perform their daily tasks. One reason for this 
phenomenon is that users are disoriented by the great number of 
interaction possibilities offered by the systems. As a 
consequence, users are often induced in doing errors and 
mistakes and may be obliged to take care of housekeeping 
instead of their own working task, so becoming unsatisfied, 
anxious and/or frustrated. A second important reason for these 
difficulties arises from the fact that languages in which visual 
interactive systems are expressed are often alien to the users’ 
experience. Users must recognize entities on the screen to 
which they can associate a meaning, thus they should recognize 
texts, images, histograms and graphs as sentences belonging to 
their traditional language and notation. Moreover, these data 
must be organized on the screen following a set of layout rules, 
which must resembles the rules established in the domain 
organization for paper-based documents. However, software 
designers often pay little attention to these usability issues, 
focusing mainly on algorithmic description of users’ problems 
and activities. As a consequence, the users may access and use 
the resulting systems only by expressing their problems in the 
computer-oriented notations offered by the designers, which are 
often misleading and/or disorienting for them. 
A possible way to overcome these problems may be giving 
users interactive systems that can be tailored according to their 
needs (Mørch, 1997) and are designed by taking into account 
users requirements, cultural experience, skills and work 
context, and adopting their notations, languages, dialects. We 
distinguish between tailored and tailorable systems. A tailored 
system is a system developed with feature specific for certain 
users. A tailorable system is a system the user can adapt at run 
time. Our approach is aimed at the design and development of 
systems tailored to the work context, culture, experience and 
skills of users, and tailorable to the specific working situation 
by the users at runtime. Users belonging to different 
communities are provided with distinct environments allowing 
them to perform their own task as well as to tailor their own 
environment. Such distinction arises from the needs of the 
organizations we worked with, as we explain in this paper. 
 

2. AN INCREMENTAL APPROACH  
TO TAILORING 
Our approach to tailoring includes three phases: 
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 Phase 1: creating basic environments, called Software 
Shaping Workshop that are tailored to specific 
communities of users by exploiting users’ notations, 
dialects, principles, and standard rules. We define such 
activity tailoring toward the community (or community 
tailoring). 

 Phase 2: tailoring of such basic environments by the user 
her/himself. The idea is to permit tailoring of systems, 
which are already specific and suitable to the needs of a 
specific community of users, thus allowing users a further 
step of individual personalization. We call this activity 
tailoring toward the individual (or individual tailoring), 
which is performed by the users through small 
incremental steps. Different types of individual tailoring 
can be devised, as discussed in Section 3. 

 Phase 3: revising community tailoring using the insights 
gained by individual tailoring. In this phase the software 
environments might be revised devoted to the evolution 
of the whole system (and personalized versions of it) to 
encompass the more general requirements of the users 
that emerged from the individual tailoring, thus coping 
with the co-evolution of users and systems (Bourguin et 
al., 2001). This extends the view of Mackay, who 
postulates that the use of information technology is a co-
adaptive phenomenon (Mackay, 1990) 

In previous works, we discussed about the development of a 
methodology for the design and implementation of 
environments tailored to the needs of a specific community 
(phase 1 of the tailoring approach). This methodology, called 
Software Shaping Workshop (SSW) methodology, is described 
in (Carrara et al., 2002, Costabile et al., 2002). The underlying 
idea is to develop software environments, the SSWs, which 
allow users to perform activities of EUD. The term ‘workshop’ 
was adopted to indicate that, in such software environments, 
users work by finding all tools (virtual tools that resemble the 
real ones) necessary to their work, in analogy to the artisans 
such us blacksmiths or joiners. The SSW methodology 
distinguishes between application workshop and system 
workshop. Users work with application workshops to perform 
their daily tasks. Each application workshop is designed by a 
design team composed by various experts, who participate to 
the design using a workshop tailored to them in a kind of 
participatory design (Schuler and Namioka, 1993). This kind of 
workshop is called system workshop and is characterized by the 
fact that it is used to generate or update other workshops. The 
SSW methodology leads to a hierarchy, whose top is always 
constituted by the system workshop used by the software 
engineers to generate other system workshops. More precisely, 
at each level of the hierarchy, people use a system workshop to 
create a tailored child workshop. The hierarchy organization 
depends on the working organization of the user community to 
which the hierarchy is dedicated. 
In this paper, we present an approach to phase 2 by building on 
the concepts and methods introduced in phase 1. In particular, 
the notion of “workshop” is useful to enable tailorability: the 
user operates on a working area that metaphorically represents 
an artisan’s bench; s/he first chooses the object on which s/he 
has to work and then selects the tools that are necessary to 
operate on the object. In our approach, this second activity can 
be regarded as tailoring. Therefore, to carry out this activity, the 
user changes the interaction modality passing in a system 
workshop, where s/he can choose the necessary tools from an 
equipment area and making them available on the bench by a 
simple drag-and-drop and possibly modifying them. Whenever 

the environment (the bench) contains all the necessary tools, 
namely it is tailored, the system can be turned to the application 
workshop in order to perform the foreseen task. In the 
following section we describe an example of cooperative work 
in a medical domain: physicians collaborate by requesting 
consultations from specialists working in other institutes in 
order to reach a coherent and complete diagnosis. Consultations 
and diagnosis are obtained by the use of an asynchronous 
distributed groupware system. 
 

3. SUPPORTING TAILORABILITY  
IN THE MEDICAL DOMAIN 
Our case study involves two kinds of physicians: neurologists 
and neuro-radiologists. In order to define a suitable SSW 
hierarchy, we observed these specialists during their daily 
work. In a typical situation, the neurologist examines the 
electroencephalogram (EEG in the following) of the patient to 
reach a diagnosis. When s/he is going to study a special case, 
s/he may need a consultation from a peer neurologist 
specialized in the domain in which s/he is not as expert as the 
colleague. Moreover, in most cases, a nuclear magnetic 
resonance (NMR for short) is needed to have a more detailed 
knowledge about the patient’s situation. Therefore, the 
neurologist requires a further consultation by contacting a 
neuro-radiologist specialized in nuclear magnetic resonance 
analysis. For certain specific problems, not belonging to her/his 
domain, also the neuro-radiologist, as the neurologist, may need 
to have a consultation from one or more other peer specialists. 
After this last further consultation between the neuro-
radiologists, the diagnosis is made and communicated to the 
neurologist. In conclusion, all these interactions among 
physicians become the basis to get a final diagnosis. 
This scenario is a typical case of cooperative work. We adopted 
the SSW methodology to build tailored workshops for the 
physicians that they can further tailor according to their needs. 
The specialists will use their own application workshops to 
perform the tasks: for example, a specialist may make 
selections on the available EEGs or NMRs, perform annotations 
and/or computations on them, prepare diagnoses and/or 
consultation requests. 
In these workshops users perform two types of individual 
tailoring: tailoring for individual work, concerning the 
activities that the specialist can perform to adapt her/his 
environment during her/his own work; tailoring for cooperative 
work, including those activities that the specialist performs to 
prepare the information that will be provided to another 
specialist to whom a consultation is requested. Each one of 
these two types of tailoring can be further divided into: 
document tailoring, when for example the physician annotates 
the EEG or the NMR, and environment tailoring, when s/he 
adapts the software environments to her/his needs or to those of 
a consultant. 

3.1 Tailoring for individual work 
The physician, before analyzing EEGs or NMRs to make the 
diagnosis, needs to choose the suitable tools to perform her/his 
work. In analogy to the artisan that, before operating, has to 
provide her/his bench with the needed tools, the physician uses 
her/his system workshop to prepare, and then tailor, her/his 
application workshop. In our case, the neuro-radiologist, who is 
going to examine a NMR, has to prepare in advance her/his 
workshop with all the needed tools to process the NMR and to 
write a diagnosis. In this phase, the physician is in a system 
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workshop “modality” that permits him/her to modify the 
software environment. When her/his virtual bench is ready, s/he 
can pass to the application workshop modality, where her/his 
usual work can be performed. Meanwhile s/he is analysing the 
NMRs, new tools can be needed. The physician has the 
possibility to switch to the previous system workshop to further 
modify her/his virtual bench. 

3.2 Tailoring for cooperative work  
This kind of tailoring arises when a consultation between two 
physicians occurs. The physician asking for a consultation 
prepares the information to be sent to the colleague together 
with specific requests. In our approach, this means that a 
phisician prepares an environment provided with all the tools, 
examinations, and annotations needed by the other physician to 
make a diagnosis. In other words, the physician requiring a 
consultation is tailoring the environment to favour the work of 
her/his colleagues. 
For example, the neurologist that needs a consultation from a 
neuro-radiologist, first prepares the workshop s/he is using with 
the suitable NMRs together with annotations and requests. 
Then, s/he allows the colleague to perform cooperative work 
with. 
 

4. CONCLUSIONS 
In this paper, we introduced a three phases tailoring approach in 
a cooperative environment, and described its feasibility in a 
medical domain. This approach is similar with that described in 
(Fischer and Ostwald, 2002), where the authors propose to 
design systems as seeds and then obtain an evolutionary growth 
of them, followed by a reseeding phase. Our tailored systems 
can also be regarded as seeds, although they are built by 
domain experts according to their specific needs, languages, 
notations, culture and skills, in a participatory design 
perspective. In this paper, we explored tailoring toward the 
individual (phase 2 of our approach), which consists in 
activities performed by each physician to tailor the environment 
(SSW) s/he is working with. This is different from the 
evolutionary growth proposed by Fischer and Ostwald, which is 
simply devoted to add new information to the system. In our 
case study, physicians work cooperatively with other 
physicians for the common goal of making a diagnosis. To this 
aim, they may feel the need of further tailoring the environment 
in order to permit a better cooperation with other colleagues. 
We called it “tailoring for cooperative work”. We are currently 
investigating more deeply on our approach. We have also 
developed an incremental prototype system based on the W3C 
framework and the XML technology (Carrara et al.2002, 

Costabile et al. 2002). It consists of an SVG compliant browser, 
which interprets an IM2L program. IM2L (Interaction 
Multimodal Markup Language) is an XML-based language, 
whose markup encodes a description of the workshop elements 
layout and logical structure. Further details will be provided at 
the presentation. 
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ABSTRACT 
Mixed media environments constitute and interesting field of 
study for tailorability as the physical end (or interface) of 
mixed media systems is tangled up with the social and physical 
world of users. We describe a cooperative prototyping of a 
mixed media environment for learning architecture design. The 
environment has several physical input components, output 
components to play and process media files, a hypermedia 
database, an infrastructure and simple configuration tools. In a 
first round of experiments we have co-developed the 
components with the students for their practical design projects. 
The environment provides ways for the users to configure 
physical input components and digital outputs. We reflect on 
the active role of users as co-developers and on their active role 
in configuring the environment. We found as problematic issues 
consistencies between physical and digital configurations, and 
the distribution of configuration in various levels, e.g. in 
components, infrastructure, and hardware setup. 

Keywords 
Mixed media environment, cooperative prototyping. 

1. INTRODUCTION  
Mixed media environments is a growing area of research in 
HCI. In this area approaches are proposed for an integrated 
design of physical environment and digital information, and 
novel physical interfaces are presented. Not only reports and 
studies of real use are less frequent but also important aspects 
as configurability and user involvement have not been properly 
addressed.  
Configurability refers to the possibility for mixed media 
environments to adapt to different uses and identities and in 
general to change. User involvement addresses the possibility 
for users to have an active role in designing, introducing, or 
developing mixed media environments. 
These two aspects are tightly connected and can be solved 
either by changing design (creating active roles for users) or 
designing for change (providing system configurability) [4]. 
The former has been widely researched and experimented in 
movements like participatory design that did not only consider 
software design but also design of physical setting as 
workplaces e.g. [2]. Field studies increase their importance as 
the development of mixed media environments interest in 
deeper ways the physical and social world of users.  However 
field studies can be organized using varying degree of 
participation from test-oriented situated evaluations to 
cooperative prototyping. 

The latter (designing for change) has been considered using 
different approaches and concepts as customization, tailoring 
[5,6], end user programming.  
The case we present is part of a design project to develop a 
ubiquitous and mixed media environment for inspirational 
learning. One of the application sites is the architecture 
department at the Academy of fine Arts in Vienna. After 
careful observations of student projects at the Academy, we 
have co-developed with students some prototypes during their 
practical projects. We have experimented several technologies 
to support physical interaction: among others barcode scanner 
applications, touch sensors, RF ID tags, infrared, remote 
control, video tracking, GPS receivers, a sensor box with 
electronic compass and acceleration sensors. These were used 
by the users mostly to retrieve, browse or play media files. For 
a second round of experiments we are now developing ways for 
the users to configure the environment.  
We have observed seven student projects in the first half of 
2002. (see [2] for a detailed report on the field study). In the 
projects, groups of students have to work out designs of 
interventions for remote physical locations. During the project 
they concretise solutions experimenting with several 
representation techniques. Visit at sites are frequent and there 
are weekly feedback meetings with staff and external 
reviewers. The goal of the students is to be creative in getting 
ideas and develop them into a convincing solution.  

The diversity of material and media is an important 
characteristic that is exploited in the handicrafts they produce. 
Students work with and produce text, diagrams, comics, video, 
sketches, sketch models, screenshots, virtual models, and 
prototypes. Raw material, old and new artifacts populate the 
workspace, which is in constant reconfiguration. The settlement 
of students in a particular desk or room can last several weeks 
to a semester. During this period the environment undergoes 
several reconfiguration. An example is the occurrences of a 
particular climax in the project as a presentation or feedback 
session (sometimes weekly). In some cases the presentation is 
held in the same working environment and not in a distinct 
room.  

There are at least two intertwined activities around models 
and other similar representations. They are “used” in gatherings 
to discuss and present designs. The discussions sometimes 
leave temporal traces on representations. The other activity is 
the crafting of the representations, which has a major role in 
exploring alternatives and concretizing solutions. The crafting 
is an improvisational activity often interesting several 
representations at the time. It can be done in tight or loose 
collaboration or individually. A configuration of the space 
precedes both activities. For the development of a 3D model a 
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student followed a ritualized configuration browsing and 
organizing all raw materials (e.g. taking out of bags slides and 
cardboards and textiles.) One of the questions we were left with 
is how these activities would have changed in a mixed media 
environment, where part of the configuration can happen in the 
digital realm.  

2. TECHNOLOGICAL COMPONENTS 
OF THE ENVIRONMENT 
In the second half of 2002 we introduced and observed the use 
of several tangible computing prototypes. We describe here 
briefly some of the components of the environment. The field 
study yielded desirable qualities of a future environment but not 
defined tasked to be supported. Concurrently we developed 
prototype in a technology oriented fashion albeit under the 
influence of the qualities. The particular approach we followed 
was to customize the available technology in contextualized 
prototyped letting the students have a leading role in deciding 
how the technology could be used. 

2.1 Physical Interfaces to Digital Media 
2.1.1 Animating bAR code 
This interaction technology provides a way to link physical 
objects and digital material or system commands. Media files or 
system commands can be associated to physical barcodes in the 
environment. A barcode scanner is attached to a PC through the 
keyboard wedge. The input component running on the PC is 
able to capture one or multiple barcodes and send them in a 
message to other components in the infrastructure. This 
technology has been used to animate physical models and 
diagrams with digital media. This is achieved by sticking 
barcodes on the models or diagrams to which users previously 
have associated media files as videos, sounds or pictures. Users 
can then scan the barcodes on the models during presentations 
or discussions and trigger the playing of media files (Figure 1). 
In the animating bAR code the user configures the interaction 
by associating to barcodes digital files and by choosing an 
output component (or a process). The user can also configure 
the component by setting a multiple barcode input. This 
component was developed during the experiments in several 
customized versions resulting in contextualized prototyped: The 
simplest version of this prototype associates to a barcode a 
sound and a picture. In a subsequent version video playing was 
added. With another user we co-designed a version that 
supported multiple pictures associated to one barcode. With a 
student we co-designed a version that can read multiple 
barcodes attached to objects in different combinations 
producing different material, objects can be also “weighted” in 
the combination. The student wanted to display pictures of 
stadiums associated to a different sizes of crowds. This case 
shows how different functionality in the digital realm cannot 
always be accommodated without requiring the user to actively 
configure the component. Moreover the particular version 
originated in the meaning of the tagged object for the user in 
the physical environment. 

2.1.2 Infrared Remote Control 
An additional input component is the Infrared Remote Control. 
This component is operated from a mobile devices giving the 
possibility to control application from anywhere in a room. The 
infrared remote control is used to send to other components 
messages as “Play”, “Stop”, “Forward”, Up, Down, Right or 
numbers. An infrared receiver is attached to a PC where an 
input component is running that receives the signals and sends 
them to components in a message.  

 
Figure 1: barcodes on physical models and wall projections  

2.2 Projection applications and set-ups 
A sliding-door system provides the space with frames for 
multiple projections and for layering walls. The frames serve 
for hanging textiles and other materials, objects, plants, etc. We 
observed how a student group configured the workspace for a 
multimedia presentation, fixing a data projector for floor 
projections high up on the ceiling and hanging up double layers 
of translucent cloth. In their presentation the students created a 
very effective immersive environment, which worked really 
well with contrasting images of different qualities – sharp and 
blurred, narrative and symbolic. 

2.2.1 The Texture Brush 
Texture painter: Using a brush, which is tracked with a video 
camera, this is a tool for ‘painting’ objects such as models or 
parts of the physical space, applying textures, images or video, 
scaling and rotating them (Figure 2). Students started animating 
their models with the help of the texture painter. One student 
studied soccer games to identify the most exciting camera 
views and to understand which kind of atmosphere the players 
need. He used the camera views to find out where to place few 
spectators so that the stadium looks jammed. He built a simple 
model of a stadium and used model and images together with 
the texture painter for projecting different atmospheres into this 
‘fragmented stadium’. Another student painted images of his 
interventions onto projected images of two residential 
buildings, projecting detailed plans onto the space between 
them. 

 
Figure 2: Painting objects electronically using a physical brush 
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Figure 3: Environment Browser to visualize visit 

2.3 Infrastructure 
The role of the Infrastructure is to provide a way to connect all 
components. It provides registration for all components and 
messaging between them. It is also possible to add filters in the 
Infrastructure that implement specific configurations of inputs 
and outputs. The main advantage of the Infrastructure is 
flexibility and configurability; it is possible to replace a 
positioning (tagging) technology, display or a mobile device 
with another kind, without losing the interoperability of the 
Atelier environment.  

2.3.1 Database 
The recorded multimedia files are stored in a shared 
hypermedia database. It is a major service included in the 
Atelier Infrastructure that provides various hypermedia services 
for client applications to use. The main purpose is to enable the 
associative linking of different kinds of multimedia objects. The 
multimedia objects along with meta-information are called 
hyperobjects in the hyper-media system and users are later able 
to link them to other hyperobjects with specific tools. For 
example a path of a user’s visit (with photos and sound 
recordings) can be modelled using hypernodes. They are 
containers for hyperobjects and can contain GPS coordinate of 
the recording spot as their meta-information. 
The Atelier environment provides visualization applications 
that can be used with physical interfaces: the environment 
browser, the hyperobject manager, the media player. The 
purpose of the environment browser is to visualize recorded 
media from visits (pictures sounds and videos) in a 3D 
environment using GPS coordinates. Users can navigate the 
wandered path, and media files over a map and in a three 
dimensional world (Figure 3). The hyperobject manager 
enables users to view various hyperobjects, create associations 
between them, and edit their meta-information.  
To navigate the hypermedia database or a 3D environment 
created after a visit (that displays the path with recorded 
material) the users can interact with several different physical 
inputs, which will result in a different use of the environment 
and of the objects. Digital functionality is available for example 
to retrieve a specific object, play the object stop, select the next 
anchor in the object, follow the link etc.; or in the case of the 
3D environment to navigate along the path. These digital 
“actions” can be associated with the configuration tool to 
scanning of a barcode, or to gestures with the sensor box, to 
commands with the remote control, an so on. So there is no 

predefined task or interaction pattern (gesturing for the 3D 
environment and a defined gesture for up).  

2.3.2 Configuration Component 
The configuration component is answering the need to have a 
consistent and transparent management of associations between 
input and outputs components. As the same input or tag might 
be used by different people (or the same person) to trigger 
different actions, there is a need to store the configurations in a 
central place from where they can be loaded at anytime from 
any computer. The associations are stored in a configuration 
table in the hypermedia database. The table has the following 
columns Input is the Input Component (as the barcode scanner), 
Word is the message that the Input Component will send (e.g. a 
barcode), Content is the media object in the database to be 
processed (a hypermedia object or a group of them), Processor 
is a processing component (for example chosing a random 
image out of a hypermedia document), Output is the Output 
Component (as a shared display). With the configuration tool 
users can edit, store, and delete the configuration tables (Figure 
6). 

 
Figure 4: A student loads a configuration table using a card  

 
An additional component is the Listener that loads the 
configurations (Figure 4). The Listener fetches the 
configuration table and sends it in a message to the Kernel. 
When another user activates the sensor 2  (Figure 5) the media 
file is played on the display 1 as specified in the table. 

 
Figure 5: How configuration are loaded and used by the 

environment 
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Figure 6: A simple tool to associate physical inputs and digital actions 

3. DISCUSSION  
In the experiment student were configuring space, artifacts and 
digital applications concurrently. The observations before 
introducing the technology have taught us that student might 
use in each project different representations (different material 
size of models, mediums etc.) but also a different organization 
of activities (visiting sites, research, use of computer, 
groupwork organization etc.).  Prototypes in the first 
experiments were co-developed with the users. The qualities 
and requirements we collected in the participative field study 
provided us with inspiration and visions but not detailed tasks 
to be supported.  
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Tangible computing is an emerging paradigm in human-
computer interaction where the physical environment is the 
primary site of interaction with computation [1]. As tangible 
computing systems can participate in deeper ways in the 
physical and social world, designers have less control on how 
they are incorporated into people practices.  We have proposed 
configurability and user involvement as two aspects that need 
to be (re)-considered. Cooperative prototyping was successful 
in allowing the users to participate by showing how technology 
could be integrated (tailored through extension [6], implying 
changing the code) in their environment.  
We have experimented to some extend configurability through 
Configuration Components and filters, trying to investigate 
ways to make the environment configurable or programmable 
by the user. We aim at providing the freedom to configure the 
physical inputs according to the particular use. So we are not 
fixing particular physical interfaces to digital functionality 
according to a predefined “task analysis”.  We are aiming at 
providing all the digital functionality available to the users (at 

the moment through the processing component), and all 
physical input possibilities, hoping to be surprised by the way 
users are able to reinvent the environment according to the 
situation. However several problems emerged: 

Physical and Digital Configurations. Using projection 
applications and set ups, the user creates spatial configuration 
of objects and projectors. To which extend the environment can 
and should track physical components or changes? One issue is 
the consistency between physical and digital configurations as 
in the case of display components that are digital application 
that process media without awareness of the actual physical 
output (which screen and which projector). 

The Distribution of Configurations. Configurations were 
distributed at several levels in interaction components (as in the 
barcode application), in the infrastructure and filters (matching 
a physical event like the pressing of a button or touch sensor to 
a digital process), the hardware configuration (which screen  or 
projector was plugged, in which computers the components 
were running). 
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Introduction Tailorability is often seen as an essential feature of 
CSCW, due to the dynamic nature of cooperative work, which 
requires continuous adaptation and appropriation of computer 
support (Schmidt 1991). Many contributions in the area of 
tailorability focus on the flexibility and generic character of 
tailoring toolkits (e.g. Malone et al. 1992) and comparing 
different kinds of flexibility (Dourish and Edwards 2000). 
Other contributions focus on the social and organisational 
context of tailoring (Nardi and Miller 1990). In both types of 
contributions, the tailor's learning process is an important issue 
(Trigg and Bødker 1994) and a smooth learning slope is desired 
(MacLean et al. 1990).  
Besides tailors' learning process and skill, I would like my 
contribution to the workshop to focus on tailor motivation and 
the sustainability of tailoring practices within distributed 
cooperative settings. I will base my insights on a five-year 
experience (Bogdan 2003) in a voluntary student organisation 
distributed all over Europe, where around 15 users from a 
variety of locations evolved from user-programmers, to tailors 
and some to full-fledged developers. Such a setting provides an 
extreme case of a resource-poor but computer-support-intensive 
organisation where socio-technical issues that may be specific 
to a wider variety of settings appear more pronounced. For 
example, due to the short-term membership of the students, the 
issue of sustaining a tailoring culture was felt acutely. 
As pointed out by Henderson and Kyng (1991), learning is a 
crucial problem of tailorability. Avoiding steep learning slopes 
(MacLean et al. 1990) is important for tailoring to start at all. In 
the student organisation experience, a feature-rich tailoring 
platform like Lotus Notes™ had to be dropped in part because 
the originality of its tailorability concepts made it difficult for 
the student members to relate to previous knowledge. Such 
particularities of the setting like the general (un)availability of 
programming knowledge in a specific area may be more 
important in choosing a toolbox than the different kinds of 
flexibility offered (Bogdan 2001).  
Development of the individual skill of the prospective tailor 
does not take place in isolation. As emphasized by e.g. Nardi 
and Miller (1990), even tailoring of a single-user software like a 
spreadsheet is a complex cooperative task. Such cooperation 
constitutes in fact a social learning-in-doing, and asking for the 
formation of a "tailoring culture" (as in MacLean et al. 1991) 
can be assimilated with asking for the emergence of a 
community of practice (Lave and Wenger 1991), more 
precisely a community of tailoring practice.  
If such a tailoring-learning community is geographically 
distributed and same-time same-place cooperation is not an 
option, the tailoring language and platform particularities 
related to the possibilities for communication and cooperation 
between tailors become of greater importance. In the student 
organisation case we found for example that visual 
programming (as in Lotus Notes) is more difficult to share at a 

distance than plain text. In our further experiments with plain 
text tailoring we found that one does not need the skill of an 
open-source software project contributor to be able to 
successfully share and refer to plain-text tailoring during 
distributed and often asynchronous cooperative tailoring.  
A further concern in regard to learning is the accumulation of 
set-up and administration skill. Such skills are necessary for 
setting up the tailoring environment and dealing with problems 
that are not strictly related to writing macros and other tailoring 
activities, but need to be solved before tailoring can begin or 
continue. In the student organisation experience, such skill 
proved harder to acquire by the novice tailors, in comparison to 
the acquisition of strictly tailoring skill. While this problem is 
less visible in spreadsheets (Nardi and Miller 1990) or macro 
documents (Trigg and Bødker 1994) as their 'installation' is 
concentrated in a single file, repeated copying of entire tailored 
applications in resource-poor environments with lower 
bandwidths is not practical and the application tailored (often a 
WWW service) requires different types of set-ups. 
A low learning threshold is not sufficient for tailoring to start 
up. Practical arrangements such as ‘sandboxes’ and sample data 
can also help for learning-in-doing to become possible. In the 
student organisation case, a ‘parallel sandbox’ was built for 
more advanced tailors, where a number of individual projects 
were store centrally, and tailors were able to glance at each 
other’s work and access their and other’s work from a variety of 
places as they moved around Europe. 
Such support for cooperative tailoring must increasingly 
acknowledge the nomadic character of tailoring work: not only 
is it done in a variety of places (even spreadsheets are reported 
to be manipulated at home and at work by Nardi and Miller 
1990), but also with different kinds of technology, over a 
variety of durations, etc, so that work conditions are only 
variable in space, but also in time, etc. Nomadic aspects are 
accentuated by the increasing availability of mobile and 
broadband technology and by the multitude of tasks performed 
concurrently by workers, of which tailoring is likely not to be 
the most important and therefore is likely to be interrupted 
often or take place at unusual working hours. Supporting 
cooperative nomadic tailoring poses important challenges for 
CSCW, especially in areas such as awareness. 
Besides tailors' learning, another aspect of interest is their 
motivation. In many cases tailors start from a problem in their 
work, which can be addressed by simple tailoring. But Nardi 
and Miller (1990) find aspects of intrinsic motivation in 
spreadsheet tailoring, i.e. not related to work as in 'job': "Users 
who show no particular interest in computers per se voluntarily 
write their own spreadsheet programs, motivated by interests 
beyond or completely unrelated to job requirements". Such 
motivations are even more pronounced in amateur work 
(Bogdan 2003), where I have identified challenge as one of the 
main incentives for such work. It may be argued that tailors are 
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amateur programmers, and then findings about motivation for 
amateur work are even more relevant when considering the 
motivations of tailoring. 
In long-lived amateur communities (such as amateur radio) 
challenges are of an inexhaustible, yet addressable nature. 
Inexhaustibility (or quasi-inexhaustibility) of work setting 
details that must be matched by the software is a plausible 
incentive for 'tailoring challenge inexhaustibility'. As for 
addressability of tailoring challenges, aspects related to learning 
how to address challenge (i.e. to address tailoring problems) 
have been discussed above. However, challenge is not the only 
incentive for amateur work, a complementary incentive is the 
audience. In the tailoring (or amateur programming) case, the 
more co-workers can potentially benefit from tailoring, the 
more motivated the tailor. 
Sustainability of tailoring cultures, or communities of tailoring 
practice is the third main issue that I would like to address, and 
is related to both learning and motivation. Sustainability is a 
more mainstream concern in Participatory Design (e.g. Clement 
and Van den Bresselaar 1993): the continuation of participatory 
practices after the PD researchers leave the setting (self-
sustainability) is a desired outcome of Participatory Design 
projects. Since tailoring is often a result of such continuations 
of design activities, sustainability of tailoring cultures is equally 
important. A sustainable tailoring culture will have a sufficient 
number of members learning at all ‘difficulty levels’ on their 
way from the periphery to the core of the ‘community of 
tailoring practice’. Having a sufficient number of clearly 
defined difficulty levels associated with the tailoring toolbox 
can keep the ‘amateur programmers’ continuously challenged 
with increasingly complex concepts to master and put to use. 
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1. INTRODUCTION 
The ever-increasing demand on computer support for all 
aspects of modern business makes it more and more interesting 
to make systems flexible and/or tailorable. One of the most 
discussed issues in modern business is the fast pace of change. 
This results demands on changes in the computer applications 
that the software industry has problem to deliver. To make the 
computer applications tailorable for future changes is one way 
to meet these requirements. 
Traditional design concepts see the software as a black box 
which should fulfil the requirements put on it. HCI and CSCW 
mainly challenge the emphasis traditional software puts on 
functional requirements neglecting the use qualities of software. 
These discourses stress that the correct requirements can only 
be found by a thorough study of the use situation for the new 
software. 
When designing for tailorability – or flexibility – there is not 
only the black box functionality that has to be defined but also 
how this functionality should be manipulated and adapted. 
When trying to foresee the future and anticipate possible and 
probable changes there are often to many ideas for what may 
change. To make a system tailorable means that the designers 
have to select which aspects should be possible to change 
through a user interface. This cannot be done without taking the 
whole software structure into consideration since different 
architectures allow designing different aspects in a tailorable 
way. As our case study show it is not possible to understand the 
value of making an aspect tailorable without having a thorough 
understanding of all the contexts for the software development. 
Tailoring is usually discussed as means to adapt software to 
induvidual preferences or to localise it to the specific situation 
at a work place [Hendersson and Kyng, 1991]. We here discuss 
tailoring as a means to adapt specific software to changes in the 
business context. When discussing organisational change and 
software development, Wolf and Rhode (1995) have earlier 
used a similar approach. 
This means that the design will be an ongoing activity that has 
to artfully integrate [Suchman 1994] different contexts and 
influences and to develop a design how users will use the 
application, how users can tailor the application, and, last but 
not least, how the internal structure should be to make this 
possible. 
In this short paper we will just make a sketch of our argument, 
we start by discussing tailoring and its relation to change. Then 
we take up our case study and sketch how the contexts 
influenced the system design. Based on this we argue that the 
traditional view of design do not capture what went on in our 
case study. Last we sketch a new design concept concretising 
Lucy Suchman’s artful integration for making systems 
tailorable for futures changes.50 
 

2. TAILORING AND CHANGE 
The ever-increasing demand on computer support for all 
aspects of modern business together with the high pace of 
change makes it hard to develop the systems in time for the 
changing demands. With a traditional lifecycle the software 
system tends to be outdated when it is taken into operation. 
There are several proposed solutions; examples are rapid 
software development and iterative/evolutionary development. 
Another possibility is to design tailorable software that can be 
adapted for a certain set of changes. 
The problem with tailorable software is of course that we must 
know which aspects to design tailorable. This means that we 
must have some notion about which future changes to expect 
and, on the other side understand technical and organisational 
constrains. As our case study shows there often are no problem 
in getting suggestions about possible future changes. The 
problem is that to select which aspects to take into account. On 
the one hand, that selection could not take place without having 
both an understanding of how the technical solution – the 
software architecture – would look like and having a thorough 
understanding of the other contexts to the system, the technical 
and the development contexts. On the other hand, it was not 
possible to design a software architecture for the system 
without knowing which aspects that would be tailorable. This 
makes it necessary to make some form of iterative design. 
 

3. THE CONTRACT AND PAYMENT 
SYSTEM 
Together with two industrial partners we did a research project 
about flexibility; the aim was in the beginning to test if the use 
of a meta-modelling database would make their applications 
more flexible. In the end the research focus was broaden to 
include the whole problem of making software changeable for 
future changes. The project was focused on a system that was 
going to be redeveloped since the first version of the system 
was too inflexible. Within the business process of the company 
certain events can generate payments from the company to one 
of several third parties.1 If any payment should be done and 
how much money should be paid is defined by contracts. The 
system handles this by having a database of all the contracts 
and matching each event with the contracts to see if some of 
them fit with the event. This means that the main part of a 
contract is a list of conditions that must be matched by the 
event for any payment to be done and a table defining the 
amount of money to be paid. There are several types of 
contracts that has different meanings from a business point of 
view. From the systems point of view the main difference 
between them is that they have different sets of conditions and 
that they interact with each other in different ways. The 

                                                                 
1 For business reasons we have to describe this in an abstract 

way. 

 20 



 

interaction occurs if several contract matches the same event, 
then some types of contracts subsumes other while in other 
cases both are paid out. 
In the research project we made prototypes of a tailorable 
system where new contracts types could be added and also new 
event types could be added. The prototypes used the meta-
modelling database to implement this – for a more extensive 
description of the prototypes design see [Lindeberg and 
Diestelkamp, 2001]. At the same time the company designed a 
new system that was constructed with conventional techniques 
but also included as much flexibility that the development 
project group deemed reasonable. To evaluate our prototypes 
we held two workshops with all involved. The evaluation was 
based on a set of change scenarios that was decided at the first 
workshop.  
The relevance of the evaluation is dependent on the change 
scenarios. They were taken from several sources. The most 
important were the history of the system (changes that had 
occurred during the life time of the old system) and various 
suggestions from within the company regarding the 
development of their business practices resulting in new 
demands on the system. Additionally, we produced a set of 
change scenarios that highlighted the difference in flexibility. 
Even if the prototype-based system was evaluated as more 
flexible for these scenarios then the implemented design, these 
difference was not significant for the reasons mentioned below. 
We so produced a relevant and representative set of change 
scenarios.  
The result was a surprise for us researchers, it turned out the as 
an overall solution the real systems design was better than our 
prototypes. The main reason for this was that the real system 
was more flexible than we had thought but more important, for 
the scenarios where the prototype system was more flexible a 
careful study of all the implications of the change scenario 
showed that the difference had no real impact. An example of 
this was that for several change scenarios also other systems 
would have to be changed, and they are not tailorable and 
difficult to change. Then the fact that the prototype system is 
easier to change does not matter, it is the effort to change the 
other systems that dominate the situation. In other cases the 
future changes would be so radical that our prototype system 
would not be able to handle it, and the real system was 
probably easier to extend. There are several other examples on 
how the evaluation was affected by aspects outside of the direct 
functionality of the system or the use situation; it was various 
contextual issues that influenced the evaluation. We will use the 
term context for all these issues, this means that we include the 
user, the maintenance situation, the systems it is working 
together with, the knowledge of the developers, the business 
evolution etc. in the term context. Our use of the term context is 
close to Kensings [Kensing 2000] where he includes much of 
the same contexts. However he discusses only how to relate to 
different contexts during the conceptual design assuming that 
other persons will do the actual implementation. This division 
between the overall and the technical design does not work well 
when designing tailorable applications. For a more thorough 
description of the evaluation see (Lindeberg and Diestelkampf, 
2001).  
Even if the outcome of the evaluation seems to show that 
technical advanced tools such as a meta-modelling databases 
are useless, this is a too simple conclusion. The prototype was 
partly developed by persons without a sufficient understanding 
of the business context and the technical context. Our 
conclusion is that to build a meaningfully flexible solution the 

use of a meta-modelling database is not enough. Based on the 
project experiences and on the design of the implemented 
system, we have developed a prototype witch implements a 
meta-object protocol inspired approach (Lindeberg, Eriksson, 
and Dittrich, 2002). We think it would be possible to develop 
this prototype into a system that is both appropriate for the 
context and more flexible/tailorable. However, this just 
supports the discussion and conclusion below. 
How did the development project within the company succeed 
so well in their design, how did they succeed to take all these 
contextual requirements, possibilities and constraints in 
account? We believe that the main reasons for this are the way 
the project was conducted. They first had a very thorough pre-
study of the system. In this they discussed with the users about 
what problems the old system had and what they wanted from 
the new system. They also made an effort to get into contact 
with other parts of the company that was indirectly affected by 
the system. For instance the strategy department was indirectly 
affected by the systems capabilities since some business 
strategies would result in new contracts. If these could not be 
handled by the system that strategy would be more or less 
impossible to implement. Other contexts were directly or 
indirectly represented, two of the members of the pre-study 
group worked with the operation of the system and therefore 
understood much about how a design would affect the 
operations. When the pre-study was finished and the 
development project continued some of these practices 
continued. In the project group some of the users were equal 
partners, the project leader was taken from the business process 
most influenced by the system but there was also a technical 
project leader from the IT division. A in depth description of 
this can be found in [Dittrich and Lindeberg, 2003]. 
Together this made the knowledge of all contextual issues 
available to the development project making it possible for 
them to make their design with this understanding. The detailed 
requirements and the exact software architecture was something 
worked out during the first half of the development project. 
This made it possible to make a flexible system without using 
any complex techniques but by having some meta information 
in some tables and a non-standard design of the database – all 
contracts was placed in the same (sparse) table making it 
possible to treat all contracts types in the some way in many 
places.  
 

4. TRADITIONAL DESIGN 
The reason we see tailoring and flexibility as a challenges for 
design is that we don not think it would have been possible to 
design the system described above with a traditional design 
process. To show this we will compare the design taking place 
in our case study with the design process described in an 
example of the traditional design process, the example we 
select is Pfleggers book “Software Engineering: Theory and 
Practice” [Pflegger 2001] (the whole section is based on this 
reference). 
In Pfleggers book the journey from problem to a technical 
design solution is taken through four documents, requirement 
definition, requirement specification, conceptual design and 
technical design. Both the requirement definition and the 
requirement specification describe everything the system is 
supposed to do, the definition is written in terms that the 
customer can understand and the specification is for the 
designers. There is no fundamental difference so we will treat 
them as one and call it requirement specification. 
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The conceptual design is written for the customer and tells him 
what the system will do. The technical design is more detailed 
and also written in terms of how the system will perform its 
functions.  This means that there in principal is a fundamental 
difference in this two design documents. Pflegger describes this 
as an iterative process between the design documents. 
If we now compare this model for software development with 
our case the first observation is that of these four set of 
documents corresponds to three set of documents in the case; 
the requirement specification (that correspond to Pfleggers 
requirement definition), the database model and the functional 
specifications that corresponds to both the conceptual and 
technical design. The requirement specification was on a very 
high level and was not really defining what the system would 
do. 
The functional specifications were not formally split up in one 
part for the users and one part for the developers but it was 
really used in this way. Since most of the functions work 
against the database and the database model was described in a 
separate document this mean that it usually was enough to give 
a description of “what” the interface would look like and what 
functions was included, together with an exact description of 
data types and other technical issues this was enough to make 
the “how” obvious for the software developer. This means that 
the two design documents Pflegger describe were placed 
together in one document. We have not seen any bad 
consequences from this, partly because there are a few other 
technical descriptions about some aspects of the technical 
design where the designers needed more documentation. 
There are two real discrepancies between Pfleggers model for 
system development and the case. The first is that there was no 
clear requirement specification in Pfleggers sense when the 
project started. The second is that all the documents were still 
under revision when the next step, the detailed technical design, 
was done. These are crucial differences, in our case study the 
possibilities and problems in the architecture were permitted to 
change the requirements and this made it possible to make the 
system very flexible with only small effort. In fact the basic 
conceptual design was done with together with the users but it 
was not controlled by the users, the designers ideas about how 
tailoring could be done was reflected in the basic conceptual 
design. 
 

5. ARTFUL INTEGRATION AS A 
CONCEPT FOR DESIGN 
To make tailorable and flexible systems that can handle future 
changes we have to change our conceptualisation of design 
from the traditional standpoint of first gathering requirements 
and then constructing a solution. We can collect our view on 
design in three points. 

 From Suchman’s article “Working Relations of 
Technology Production and Use” [Suchman 1994] we 
take the first point, that a new perspective is needed, 
instead of thinking about design as something done 
from the outside – design from nowhere – we should 
understand it as done from the inside, within a 
network of contexts. The contexts are both the 
contexts for the development project and the contexts 
for the designed artefact. This change to an inside 
perspective is more then just saying that the contexts 
are important. The point here is that the design is 

understood differently depending on from which 
context the design is considered.  

 The second point is that a change in perspective is not 
enough we also need a change in the objective of the 
design. The objective of the design should be an 
artful integration of all the contexts. The different 
perspectives and understandings must be ‘satisficed’ 
with and in the final product. In a sense this is an 
obvious goal but in practice engineers have a 
tendency to go for the most elegant solution rather 
than for one which fits the situation best. We also 
have to strive for technical quality but that quality 
should be evaluated in the actual situation. The 
problem with this is that depending on which contexts 
standpoint you are taking you get a different 
viewpoint on what the best integration is.  

 This can be partly solved by the third and last point; 
artful integration needs a change in the practice of 
software development. The different contexts must be 
represented within the project in order to cross 
perspectives and find a good enough solution. In the 
case study most of the contexts were represented 
directly by someone having practical experience from 
the contexts but there was at least one context that 
was not represented and this was the people from 
business development who perhaps could have made 
intelligent guesses about the future business of the 
company and how this would affect the future system. 
Only the future can tell us if the system missed some 
needed flexibility by this. Iterative and evolutionary 
development is reinforced by our case study as well. 
A ‘good enough’ solution, taking different 
requirements and constraints into account cannot be 
designed ‘ex ante’, it has to develop in dialogue with 
the situation, giving all involved parties the 
possibility to evaluate the design so far in relation to 
the various contexts. 
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