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Preface – New Perspectives in End-User
Development: Elaborating Upon a New
Research Paradigm

More than a decade ago, we postulated that the design goals of human–computer
interaction will evolve from easy-to-use to easy-to-develop applications
(Lieberman et al., 2006). Recent trends show that this challenge is more important
than ever. We need to design environments that allow users who do not necessa-
rily have a background in programming to develop or modify their applications,
with the ultimate aim of empowering them to flexibly employ digital services.

Since the origins of computing, hardware and software architectures have
become more sophisticated, higher-level programming languages have been
invented, and computer programming has evolved into a profession whose prac-
tices diverged from those of end users. The emergence of a (global) software
industry was based on some interesting related aspects:

(a) development of ever more powerful hardware – following Moore’s law for
long time

(b) abstracting programs from the particularities of the hardware they ran on
(c) creating layered software architectures with well-defined interfaces to build

upon each other
(d) abstracting software design from the particularities of specific work practices

that the Information Technology (IT) artefacts were supposed to support

These developments contributed to the emergence of affordable and widely
applied digital services. While in the beginning computing was restricted to rather
few work domains in natural science, engineering, and accounting, we are now
in the situation that IT is penetrating all aspects of life for a steadily increasing
part of the world’s population. So, the design of computer applications interacts
with social practices in a vast variety of domains (Wulf et al., 2017). However,
the software industry is still based on a division of labour between program
creation at design time and use at run time.
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With the increased spread of digital services and their resulting deep interaction
with social practices, the traditional division of labour has become problematic,
mainly for two reasons:

(1) Modern societies have become more and more differentiated in their patterns
of life. Therefore, requirements for IT artefacts are very diverse and specific
to individual application domains. The differentiated nature of software
requirements is difficult to fully extract at design time for reasons of (a) pro-
blems in understanding the detailed social practices in all application domains,
(b) lacking manpower in terms of software developers, and (c) economic
efficiency.

(2) Social practices change rather dynamically. This is due to increasingly more
dynamic environments in which organizations and individuals act. Moreover,
the appropriation of digital services artefacts may impact social practices, indi-
vidual qualifications and preferences, and may once again lead to new require-
ments for them.

The field of end-user development (EUD) emerged as an approach to overcom-
ing these issues. In challenging the existing division of labour, EUD enables
domain experts to (re-)design their applications in use – often at run time. In line
with the Lieberman et al. (2006) definition, we suggest that:

End-User Development should be understood as a set of methods, techniques, and tools
that allow users who are acting as non-professional software developers of a specific
application environment at some point to create, modify or extend an IT artefact.

The “development” concept in the term EUD has sociotechnical implications
and thus indicates an important interdependency: on the one hand, it requires
design environments enabling end users to modify their digital services; on the
other hand, by appropriating the design environment, end users can potentially
further develop their skills and practices. The immaterial property of software
offers high-level technical flexibility in the sense that its functionality can be mod-
ified at any time – at least in theory.

EUD strives to change the traditional labour organization in the software industry
by adding tools for end users to modify existing and to develop new applications.
Existing software development cycles are still too slow to quickly respond to rapidly
changing user needs of variegated categories of users, and professional developers
often lack the needed domain knowledge to address such requirements, especially in
pervasive modern applications (Ghiani et al., 2017). End users are generally neither
skilled nor interested in adapting their applications at the same level as software pro-
fessionals. So, EUD tools need to be appropriately crafted at application design time
to anticipate technical flexibility that will be needed during their use.

Moreover, given new trends in hardware production, EUD does not even need
to be understood as restricted to software. Technologies such as 3D printing or laser
cutting enable end users to even modify aspects of hardware artefacts in use – thus
also starting to challenge the traditional division of labour in hardware production
(Ludwig et al., 2017).
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The second aspect of the interdependency regards an emancipatory perspective
on the development of human actors’ capabilities and social practices. Engaging
in adapting IT artefacts involves learning on the users’ part and may lead to their
personal and collective development. For an explicit investigation into this rela-
tionship see Dittrich et al. (in this volume), who discuss two cases of EUD in the
context of organizations that depend on an IT infrastructure to provide their ser-
vices. In both cases, EUD was used not only to personalize technical support but
also to maintain and evolve the organizations’ infrastructure. Thus, EUD was in
both cases a constituent part of the innovation capability of the organizations.
Therefore, EUD also has a societal dimension since it enables the codesign of
work places as well as the full participation of citizens in the emerging
Information Society (Fischer et al. in this volume).

Possibilities for EUD need to be intentionally designed into the application
environment. Since EUD environments do not typically allow users to fundamen-
tally redesign software architectures, EUD requires foreseen in which aspects of
an applications’ functionality will remain stable over time (Stiemerling et al.,
1997; Stevens et al., 2006). Cabitza and Simone (in this volume) suggest a layered
perspective on the architectural design of malleable applications. Wulf et al.
(2008) explored opportunities for such architectures in the context of a
component-oriented software paradigm.

One important issue is how to design the tools to support application personali-
zation, specifically the level of complexity to offer from a user’s point of view. The
literature provides different classification schema of the technical means by which
end users could be enabled to modify their IT artefacts (e.g. Henderson & Kyng,
1991; Morch et al., 2004). Lieberman et al. (2006) distinguish broadly between
parameterization and customization as well as program modification and creation.

It is generally assumed that an EUD-friendly design environment should enable a
seamless move from the usage mode of interaction towards an adaptation mode
(Wulf & Golombek, 2001). Additionally, the different levels of adaptations should be
designed in a way that the transition towards higher levels of complexity is supported.
MacLean et al. (1990) suggested the design metaphor of a “gentle slope of complex-
ity.” AI techniques, for example, adaptivity may play a role in enabling the different
transitions and support certain EUD activities. They typically result in mixed forms
of interactions where adaptive features can support interaction but users can still take
the initiative in the development process and may provide interesting results.

Since EUD is a sociotechnical activity, it requires analysing how to empower
development in its interdependent sociotechnical aspects. Blackwell et al. (in this
volume) aim to categorize the differences among end-user developers from a psy-
chological perspective. Future work will address the design implications of such
investigations.

There is definitively a collaborative dimension in EUD activities (Mørch &
Mehandjiev, 2000; Wulf, 1999; Kahler, 2001). Actors learn from each other and
cooperate when conducting EUD. A routinization of such collaborative patterns can
lead to a division of labour among end users in conducting adaptations and sharing
tailored artefacts of different types and levels of complexity. Supporting
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collaborative patterns in EUD is also an interesting theme in design research. This
line of research includes recommendations and awareness mechanisms for finding
suitable EUD expertise as well as reusable artefacts. EUD-related communities allow
end users to share EUD-related knowledge and artefacts with their peers (Costabile
et al., 2003; Pipek & Kahler, 2006; Draxler & Stevens, 2011).

There are other approaches to differentiate the division of labour in the software
industry by involving users more intensively into the design process; examples of
such approaches are Open Source Development, Software Ecosystems,
Prototyping, Participatory Design, Agile methods (see, for instance, Diaz et al. in
this volume). However, they all focus on design time activities.

EUD is an activity with sociocultural implications, depending on place, time,
and people involved. This is particularly true with the explosion of mobile tech-
nologies, which has made it possible for people to access their applications from a
variety of contexts of use that differ in terms of available devices, things, and ser-
vices, and that require specific actions when various types of events occur.
Differences in EUD practice are likely to develop for different application scenar-
ios, cultures, and languages. These differences may relate to who is in control of
EUD activities, the relation between individual and collaborative EUD, and how
communities of end-user developers are organized.

At the same time, theory-oriented research in EUD has a long history and may
also contribute to the community’s efforts towards engineering and reengineering
software applications. For example, deSouza (in this volume) discusses the use of
Semiotic Engineering to stimulate design-oriented EUD research from a specific
conceptual perspective. The chapter by Burnett et al. (in this volume) discusses
how theoretical foundations may facilitate the transferability of insights beyond
individual tools to the creation of generally applicable methods and principles for
other researchers to draw upon.

Comparing the current technological scenario with the state of the art when the
first EUD book was published in 2006, the most important technological revolu-
tion has been the advent of the Internet of Things. Our life is now characterized
by the presence of a multitude of sensors, objects, and devices. This technological
trend has posed new challenges for EUD as well. Paternò and Santoro (in this
volume) discuss a framework that provides opportunities to identify important
aspects to be considered when analysing EUD in Internet of Things domains. In
this area, Diaz et al. (in this volume) discuss tools to support the ideation, design,
and early prototyping of augmented experience.

This book also presents examples of how EUD research has expanded into spe-
cifically interesting and emerging domains: Menestrina and De Angeli discuss
how computer games can benefit from a EUD approach, in particular those games
designed for a purpose other than entertainment; Valtolina and Barriccelli report
on their experience with an EUD framework to support the “quantified self” con-
cept during sport activities; Morch et al. speak about their experience concerning
EUD and learning in the 3D virtual world Second Life; Reuter et al. discuss how
EUD can support the gathering and assessment process of data from social net-
works in emergency situations.

viii Preface



From a technological perspective, the Web is the most diffuse and penetrating
technological infrastructure. Various mashup environments have been proposed to
support the development of new applications starting with components of existing
ones. Ardito et al. show how they can be exploited within a three-layer meta-design
model. In this area, Aldalur et al. provide a review of Web Augmentation technologies
(aimed at improving existing Web applications) as tools and techniques for EUD.

New application domains and emerging new technologies drive innovations in
EUD. A key question is how to evaluate these innovations. Tetteroo and
Markopulos (in this volume) and Ludwig et al. (in this volume) suggest that inno-
vative EUD solutions need to be explored in practice. While laboratory evalua-
tions or short-term rollouts can be found rather frequently in the literature, these
methods do not provide a sufficient understanding regarding the appropriation of
EUD technologies in social practices and how these technologies should be
improved to encourage such practices (Wulf et al., 2017). Tetteroo and
Markopulos discuss challenges pertaining to field deployments based on their
experiences in the healthcare sector, coming up with some possible guidelines for
the evaluation of EUD technologies.

Overall, we can see that in the last ten years there have been considerable
research efforts to establishing the new EUD paradigm in all its different methodo-
logical aspects and application domains. Several chapters of this book report on
long-term research strategies conducted by individual groups. For example, Myers
et al. (in this volume) report on their efforts aiming to better understand how end
users think about their tasks, and how to support them to express those tasks in
ways closer to the way they think.

While we have better understood certain concepts and design implications of
the EUD paradigm, we also realize that generally applicable solutions are (still)
missing, important new application domains are materializing (e.g. customizing
robot behaviour, personalizing ambient-assisted living, adapting smart home
objects), and further research is required to identify how to exploit the potential-
ities of the EUD paradigm. In this context, we will have to better understand how
to apply given insights to new problem domains.

So, we hope you will join us in this fascinating research endeavour!
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