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Abstract

Our contribution will review, analyze, discuss, and synthesize the research work done over the last 10
years exploring meta-design as a major framework for end-user development (EUD). The overriding
perspective of our approach is grounded in the basic assumptions that (1) designers can prompt and
support change in a community of practice, but they cannot predetermine it and (2) design and use
mutually shape one another in iterative, social processes. The paper argues and provides evidence that
EUD should not be restricted to create new technologies but its most important and far-reaching impact
will be to transform cultures by empowering all people to become active contributors in personally
meaningful activities. The individual sections discuss and describe our basic framework, EUD
applications in different domains, new conceptual developments that broadened the concept of meta-
design, the identification of design trade-offs and drawbacks, and design guidelines. All of these activities

have contributed to revisiting and broadening the meta-design framework for end-user development.
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1 Introduction

In earlier developments, End-User Development (EUD) was conceived as “a set of methods, techniques,
and tools that allow users of software systems, who are acting as non-professional software developers, at
some point to create, modify, or extend a software artifact” [Lieberman et al., 2006a]. However, if one
analyses the variety of proposals in the EUD field in international journals or in the proceedings of the
five editions of the International Symposium on EUD held up so far, such a definition is too restrictive.
Due to the many possibilities provided by technology (e.g., Web 2.0 and 3.0, Internet of Things, smart
appliances and devices), the term EUD today should be conceived as a broader umbrella, including
methods, situations, and socio-technical environments allowing and empowering end users “to express
themselves and being independent of high-tech scribes”.

One influential framework for supporting EUD is meta-design [Fischer & Giaccardi, 2006] empowering all
stakeholders (including end users) to be actively engaged in the continuous development of personally
meaningful socio-technical systems [Fischer & Herrmann, 2011].

Historically, software design was initially dominated by professionals. Professional-dominated design is a
methodology founded on the belief that professional experts understand the users’ needs [Rittel, 1984].
At design time, they create artifacts which users “have to live with” at use time. While professional-
dominated design has its place, it often creates systems that are at odds with users’ interests, needs, and
background knowledge. Successively, user-centered design [Norman & Draper, 1986] has been a major step
forward to transcend the limitations of professional-dominated design by analyzing the interests, needs,
and background knowledge of users and envisioning how users are likely to use an artifact. Then, to
better cope with the users’ needs and include them into the design, participatory design (PD) [Schuler &
Namioka, 1993] focused on system development at design time by involving end users more deeply in
the design process as co-designers by empowering them to propose and generate design alternatives
themselves. It requires the social inclusion and active participation of the users at design time by bringing
developers and users together to envision the contexts of use. But, despite the efforts at design time,
systems need to evolve at use time to fit new needs, account for changing tasks, deal with a great variety
of subjects, contexts and evolving needs, and incorporate new technologies, making meta-design a
necessity.

This chapter explores how this conceptualization of EUD supported by meta-design was advanced over
the last decade. As indicated in Figure 1, the different sections describe

* the impact of EUD on transforming cultures and some specific developments exploring and
supporting this transformation process;

= adescription of applications in different domains that were influenced by meta-design;

* new conceptual developments that broadened the concept of meta-design;

* the identification of design trade-offs and drawbacks that need to be carefully considered.

Figure 1 synthesizes the structure of our contribution; while design guidelines proposed by various
scholars to realize the conceptual developments above and cope with trade-offs and drawbacks are
finally presented.
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Figure 1: An Overview of the structure of our contribution

2 End-User Development: From Creating Technologies to Transforming
Cultures

EUD is instrumental for “the ability to reformulate knowledge, to express oneself creatively and appropriately, and
to produce and generate information rather than simply to comprehend it” [National Research Council, 1999]. It
appeals to diverse audiences by supporting them in designing and building their own artifacts by
situating computation in new contexts, by generating content, and by developing tools that democratize
design, innovation, and knowledge creation [von Hippel, 2005]. This broad vision of EUD complements
and transcends a technological perspective of EUD [Burnett & Scaffidi, 2013] that is closely related to:

»  End-User Programming (EUP) that empowers and supports end users to program (with techniques
such as: programming by demonstration, visual programming, scripting languages, and domain-
specific languages) [Lieberman et al., 2006b]; and

*  End-User Software Engineering (EUSE) that adds to EUP support for systematic and disciplined
activities for the whole software lifecycle (including: reliability, efficiency, usability, debugging
support, and version control) [Burnett, 2009].

In other words, EUD provides the enabling conditions for putting owners of problems in charge by

defining the technical and social conditions for broad participation in design activities [Fischer, 2013]. In

this view, in a broader and updated definition, End-User Development is no more related only to
software systems, but it “encompasses methods, techniques, methodologies, situations, and socio-
technical environments that allow end users to act as professionals in those domains in which they are



not professionals”. Examples can be found in software systems, as well as in many other technological
fields. In 3D modelling, for example, non-professional designers can today easily create their models and
3D print them to obtain the desired physical artifacts; or family members can easily create and control
their smart home by using cheap off-the-shelf devices, smart objects and smartphones.

An early inspiration for conceptualizing EUD as a transformational culture was articulated by Ivan Illich
with convivial systems envisioned to “give each person who uses them the greatest opportunity to enrich
the environment with the fruits of his or her vision” [Illich, 1973].

2.1 Meta-Design: Framing and Supporting EUD as a Cultural Transformation

Meta-design derives from the observation that designing a system that can sufficiently anticipate all
possible uses in advance (that is, when the system is created) is an impossible task. This idea led for
example to the downfall of expert systems and of closed systems in general [Fischer & Scharff, 2000].
Closed systems typically create a sharp separation between design and use; however, providing
functionality of interactive systems that is fixed when the system is created has important implications on
how it will be used. As a consequence, it has been estimated that 40 to 60 percent of a system’s cost over
its lifetime is spent after the original system design is finished, not only to cope with the traditional need
of “maintenance”, but rather to carry out all those enhancement activities whose need is noticed by
domain experts during the use of the system [Fischer & Scharff, 2000].

To this end, meta-design promotes the design of open systems that users can modify and evolve at use
time. As open systems are used, users will encounter mismatches and opportunities serving as potential
sources for new insights and new understandings, and giving rise to the co-evolution between system and
users [Costabile et al., 2007; Fogli & Piccinno, 2013a]. Therefore, meta-design as “design for design after
design” is a fundamentally different design methodology compared for example to user-centered design
and participatory design, which substantially promote “design for use before use” [Binder et al., 2011; Ye
& Fischer, 2007]. Indeed, the latter approaches force all the design intelligence to the earliest part of the
design process, when everyone knows the least about what is really needed. In a world that is not
predictable, meta-design allows taking into account improvisation, evolution, and innovation by
including the emergent and making it an opportunity for more creative and adequate solutions to
problems [Fischer & Giaccardi, 2006]. For these reasons, meta-design is an interdisciplinary activity,
bringing together multiple perspectives from different stakeholders and areas of expertise: from
designers having specific knowledge in mathematics, computer science, and engineering, but who are
ignorant of the problem domain, to end users, who are experts in the problem domain, but ignorant of
the domain of software solutions [Fischer, 2000]. Such a “symmetry of ignorance” [Rittel, 1984] (or
“asymmetry of knowledge”) can be an advantage for social creativity instead of an obstacle for design.
This is particularly true for ill-defined problems, whose solution cannot be delegated to professional
software developers, but requires that end users, as owners of problems, be put in charge. For example, in
an interview with a geoscientist of the University of Colorado reported in [Fischer et al., 2009], it emerged
that this end user, after a three months period in acquiring programming knowledge, spent an hour
every day on average in the development of software for data analysis. This was necessary, since there
was not any suitable software available and explaining the needs to a software developer was not
possible due their variability as the research progressed. Therefore, the geoscientist, even though not
considering himself a software developer, arrived at accepting software development as an essential task
of his daily work. A meta-design approach would have probably been better suited to such a situation, by
involving the geoscientist in the design of an open system to be shaped to his own needs at use time,
without requiring him to spend three months learning a programming language. Such an approach
would be even more useful in other domains (such as the medical one), in which domain experts are not
interested and not motivated to invest time in learning technical skills that are not directly related to their
work.



In summary, meta-design does not only encompass the study and development of enabling technologies
for EUD, but also and above all sustaining a cultural transformation [Benkler, 2006; Fischer, 2013; von
Hippel, 2005]. Therefore, the primary objective of meta-design is to allow and support end users to
become end-user developers of their systems, where, nowadays, the term “system” denotes all the
software and hardware components such as smartphones, smart watches, interactive displays, as well as
the low cost devices that contribute to create the so-called Internet of Things [Barricelli & Valtolina, 2015;
Cabitza et al., 2016].

2.2 Integrating and Relating Meta-Design with other Frameworks

Framing meta-design as a cultural transformation from closed systems (designed at design time and fixed
at use time) to the design of open systems that users can modify and evolve at use time relates meta-design
with a number of other related frameworks summarized in Table 1 and briefly described below.

Table 1: Overview of Related Frameworks

Framework Relationship to Meta-Design

Libertarian Paternalism Providing evidence for the different ways how control can be
divided between designers and end users

Social Production lustrating the possibilities and the power how individual
autonomy can lead to interesting new artifacts

Democratizing Innovation Allowing professional amateurs to do things because they
want to do them

Wikinomics Supporting mass collaboration

Remix Indicating the intellectual property challenges with evolving
artifacts

Technology Mediated Social Representing a model for new scientific communities

Participation

Maker Movement Technology-based extension of a “Do-it-yourself (DIY)”
culture

Libertarian Paternalism. An interesting perspective and framework for EUD is provided by the book
“Nudge: Improving Decisions about Health, Wealth, and Happiness” [Thaler & Sunstein, 2009]. The
fundamental concept explored in the book is libertarian paternalism. The libertarian aspect of their approach
“lies in the straightforward insistence that, in general, people should be free to do what they like and to opt out of
undesirable arrangements if they want to do so” (p. 5). The paternalistic objective is grounded in the claim that
“it is legitimate for choice architects to try to influence people’s behavior in order to make their lives longer,
healthier, and better” (p. 5). Nudges are defined by choice architects trying to motivate people to engage in
certain actions and behavior. The role of choice architects is closely related to the role of meta-designers
who create contexts in which users can provide content. By providing rich seeds [Fischer & Ostwald,
2002], they impose structures that affect the choices and actions of users, making a certain level of
paternalism inevitable. The approach provides evidence and arguments about the importance of good
defaults especially for activities that users consider personally of minimal relevance: users welcome a
default rule and predefined functionality making life simpler and easier and protecting them from
participation overload (see Section 5.2) and against their own mistakes.

Social Production. Benkler [Benkler, 2006] provides an elaborate framework and arguments that the most
important aspect of the networked information economy is the possibility for reversing the control focus of



the industrial information economy by enriching individual autonomy. This objective will be achieved by
creating environments built less around control and more around facilitating action. He differentiates
between passive (e.g.: television) and active (e.g.: open source, Wikipedia, Second Life) media (see Section
4.1). In active media, users are restricted to the role of consumers limited to selecting finished goods they
can consume from a pre-defined range of options whereas in active media users are treated as active,
creative human beings, capable of solving their own problems and building their own fantasies, alone
and in affiliation with others.

Democratizing Innovation. Von Hippel [von Hippel, 2005] provides evidence from a broad range of
different domains that users (supported by improvements in computer and communication technology)
increasingly can develop their own new artifacts and services. His case studies demonstrate that users
(acting as professional amateurs - “pro-ams” -[Leadbeater & Miller, 2004]) who innovate can develop
exactly what they want, rather than relying on designers of manufacturers to act as their agents or scribes.
Additionally, individual users (acting as power users, local developers, and gardeners [Nardi, 1993]) do
not have to develop everything they need on their own: they can benefit from innovations developed and
freely shared by others.

Wikinomics. Tapscott and Williams [Tapscott & Williams, 2006] in their book “Wikinomics: How Mass
Collaboration Changes Everything” explore what the Web 2.0 [O'Reilly, 2005] and mass collaboration
[Cress et al., 2016] means for business and technology. They describe and analyze a number of success
stories (including Wikipedia, open source, and LEGO) and introduce a number of concepts such as
“prosumers” (indicating that users today often being “producers” in one context and “consumers” in
another one). While the book analyzes success stories based on wiki-based environments, it does not
mention that many efforts engaging users in participation (including their own effort that readers edit
their book or write a chapter of it) did not succeed providing evidence for the empirical finding that
“most wikis are dead at arrival”.

Remix. Lessig [Lessig, 2008] in his book “Remix: Making Art and Commerce Thrive in the Hybrid
Economy” analyzes participatory cultures (as promoted and supported by meta-design) from an
intellectual property perspective. He distinguishes between two cultures: (1) a RO (“Read/Only”) culture
dominated by consumption, and (2) a RW (Read /Write) culture in which all people contribute to the re-
creation and evolution of an existing culture by remixing existing components to create new ones. He
discusses specifically the importance of “amateur creativity” [Leadbeater & Miller, 2004] in a RW culture
(resembling the creativity of end users in an EUD culture) and how to avoid that this creativity is
restricted by copyright regulation.

Technology Mediated Social Participation (TMSP). TMSP (http://tmsp.umd.edu) represents a
movement (sponsored by the U.S. National Science Foundation) aiming to develop a scientific research
agenda and educational recommendations for creating a cohesive community that generates the
foundational science, engineering, and graduate training necessary for a new era of social participation
technologies by empowering individuals to become active in local and global communities with a focus
on exploring questions of how to motivate participation, increase social trust, and promote collaboration
[Shneiderman, 2009].

Maker Movement. A basic belief and objective underlying the community of Makers is that the
movement will end the monopoly of mass manufacturing just as the Internet ended the monopoly of
mass media [Anderson, 2012]. It creates a culture that represents a technology-based extension (with 3D
printers, laser cutters, microcontrollers, etc.) of the “Do-it-yourself (DIY)” culture (as it has existed in
numerous other domains such as home improvement activities). It emphasizes learning-through-doing in
social environments by highlighting informal, networked, peer-led, and shared learning motivated by
interest and fun.



2.3 Methodologies and Models Extending the Meta-Design Framework

The meta-design framework has inspired some methodologies for modeling and developing systems for
EUD. Two of such extensions will be briefly described.

Software Shaping Workshop (SSW). The SSW is a design methodology based on the meta-design
framework to model EUD-enabling systems [Costabile et al., 2006b; Costabile et al., 2007]. The idea
underlying this methodology is that software environments should be designed in analogy with artisan
workshops, where traditional artisans, such as blacksmiths and joiners, extract the necessary tools to
perform their activities from a repository, put them on a bench to do their work and finally set back in the
repository those ones not useful anymore. In this way, artisans shape their work environments to their
needs by using all and only the tools needed in a specific situation. By analogy, a SSW is designed as a
virtual workshop, in which end users find a set of virtual tools useful to carry out their activities and
shape their environment and tools by adapting them to their current needs, without the burden of using a
traditional programming language. In SSW, end users manipulate objects and tools through a suitable
domain-oriented visual language, and unwittingly create software programs [Costabile et al., 2008b],
through which they later perform the necessary computations. In the SSW approach, users play two
distinct roles, which should be supported by two types of SSWs. The former is that of end users who
perform their work activities; the latter refers to domain experts, who are called on to design the SSW for
end users in collaboration with other experts, e.g. software engineers, graphic designers, and HCI
experts. End users will use application SSWs; whilst, the workshops used by domain experts to perform
their design activities are called system workshops. The other members of the design team are supported by
system workshops as well; all application and system workshops are customized to the culture and skills
of their users. The designed interactive system results in a hierarchical network of SSWs, each specific for
a community of users [Costabile et al., 2007]. The network encompasses three levels: 1) the meta-design
level, where software engineers shape the tools and the system workshops to be used in the next level; 2)
the design level, where HCI experts and domain experts use their system workshops to design, implement,
and validate the application workshops devoted to end users; and 3) the use level, where end users of the
different sub-communities use their application workshops and cooperate to achieve a task.

The SSW methodology encourages software designers to become meta-designers by involving all
stakeholders in system design. In SSW, all stakeholders can make contributions that will be available to
the other stakeholders for evaluation and feedback, in order to eventually converge to a common design.
In light of these considerations, meta-design has been conceived in [Costabile et al., 2005] as “a technique,
which provides the stakeholders in the design team with suitable languages and tools to foster their
personal and common reasoning about the development of interactive software systems to support user
work”. This definition complements that of Fischer and Giaccardi, who conceive meta-design as a
conceptual framework for defining and creating socio-technical infrastructures in which new forms of
collaborative design can take place [Fischer & Giaccardi, 2006].

Hive-Mind Space (HMS) Model. The Hive-Mind Space (HMS) model [Zhu, 2012; Zhu et al.,, 2011a; Zhu
et al., 2010] is an evolution of the SSW methodology specifically oriented to support collaborative and
creative design activities of multidisciplinary design teams. Hive Mind models in general focus on the
collective intelligence (the hive mind) of people collaborating to pursue a common goal. They rely on the
metaphor that people may collaborate within a community as a swarm of bees [Kelly, 1995], where each
member of the community interacts locally, according to local rules, with a limited number of other
community members, and the global behavior of the community emerges from local interactions. The
HMS blends the general Hive Mind models and the SSW approach to support collaborative design and to
foster creativity among design teams. The HMS model considers group activities, collective intelligence,
and social creativity; whilst, from the SSW approach, the HMS model retains the three-level structure of
the SSW network and enriches the workshops with tools for communication with other members of the
same community and with other communities involved in the design collaboration. To this end, the HMS
model introduces a central communication channel, called digital boundary zone, that allows the exchange



and management of so-called digital boundary objects [Zhu et al., 2010] consisting of software artifacts to
represent what stakeholders mean during a collaboration activity. The HMS model supports a Community
of Interest (Cols) [Fischer, 2001] composed of a set of Communities of Practice (CoPs) [Wenger, 1998;
Wenger et al., 2002]. Indeed, the HMS model, as well as the SSW approach, offers different workshops for
various CoPs involved in collaborative design, each one localized to the CoP’s culture, role and platform
in use. Furthermore, the architecture proposed for the HMS model has an open under-development
structure: further levels could be added to the network and at each level new CoPs can collaborate if
needed. In order to evaluate the HMS model and provide some concrete guidelines for its
implementation, the MikiWiki meta-design environment has been developed [Zhu et al., 2011b]. It is a
structured programmable wiki that encompasses a hierarchical page organization made of pages and
folder pages. Communication features are made available in MikiWiki as underdesigned “nuggets” (e.g.
chat, comment, wall, and notify nuggets), which also represent the seeds [Fischer et al., 2001] for promoting
system appropriation and modification. Users can easily start using and remixing existing nuggets, while
power users may modify them, thus introducing new behaviors. MikiWiki has been applied in a variety
of case studies, including the support of co-located meetings for the collaborative design of original
mobile applications, such as the creativity barometer [Zhu & Herrmann, 2013].

The above conceptualizations define and support the role of meta-designers as professionals (1) using
their own creativity to produce socio-technical environments in which other people can be creative and
(2) defining the technical and social conditions for broad participation in design activities, which are as
important as creating the software artifacts themselves.

3 Exploring Applications in Different Domains from a Meta-Design Perspective
This section presents some applications in different domains for which a meta-design perspective has
been adopted. It is based on specific case studies (discussed in more detail in other publications)
illustrating how meta-design has allowed modeling problems in innovative ways and putting end users
in charge with the help of socio-technical mechanisms enabling EUD activities. They are all examples of
system design to support human-problem interaction, rather than human-computer interaction (see
design guidelines listed in Section 6). However, it is worth noticing that tools developed in the case
studies were not deployed, but remained at an academic proofs-of-concept level; therefore, no
consideration about consequences of long-term participation within related communities will be
provided.

3.1 E-government

Meta-design and EUD techniques have been applied in the e-government domain pursuing two main
objectives: (1) supporting municipality clerks in performing content authoring tasks by paying attention
to the accessibility of the underlying web-oriented code [Fogli, 2009; Fogli et al., 2010]; and (2) supporting
the same users in the creation of online e-government services devoted to citizens [Fogli & Parasiliti
Provenza, 2011; Fogli & Parasiliti Provenza, 2012].

In the first case, a Content Management System (CMS) was extended to allow end users creating
accessible web content (e.g., tables that could be easily accessed by visually impaired people) without
being aware of performing software development, that is, creating proper HTML code. The extended
CMS allowed users to accomplish tasks by simply editing content or selecting some content from
available choices; the system then generated the correct HTML code by exploiting the content provided
by the user. In the case of e-government service creation, a meta-design approach structured in two main
phases was adopted: (1) a bottom-up activity was carried out, starting from the analysis of current
services made available by the municipality, with the aim of defining a meta-model of e-government
services; and (2) an EUD environment that allowed civil servants to create instances of the meta-model
was developed; this environment allowed creating XML documents, without being aware of that, and
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these documents were automatically interpreted to generate web applications that implemented e-
government services (see Figure 2).

Both objectives were achieved after the observation of the daily tasks of end users (civil servants) and
their usual approach to the use of computer systems; in this way, a fill-in form interaction style was
provided in both solutions, given that administration tasks often consist in the compilation of paper-
based forms. In the case of service creation, the interaction style was combined with a wizard design
pattern that reflected the structure of the service to be created. Indeed, according to libertarian
paternalism (Section 2.2), the civil servants should not have had so much freedom (and consequent
responsibility) to modify the layout of the service pages or the structure of the service. In this way, service
analysis and model-based design of EUD techniques remained in control of the software developers, as
well as the consequent development of the fill-in forms that allowed civil servants to create online
services.

In both cases, the rational for participation of civil servants consisted in becoming more independent
from IT people for editing web site content and defining e-government services respectively. An EUD
approach to this field was indeed been recognized by the domain experts as a way to improve work
practice, in terms of effectiveness and efficiency, especially in those small or rural government agencies
that cannot afford the budget necessary to employ software professionals or pay for software consultants.

service meta-model

N
® |
EUD Environment XsD E-gov Service

=

= |ﬂ|:>.;m; I]ﬂl:> Interpreter |lﬂ|:> |

service model

8 Civil servant Citizen

Figure 2: EUD approach to e-government service creation.

3.2 Mash-ups

From the end users’ perspective, the development of web-based interactive systems is a demanding task.
A common technique addressing this problem are mash-ups, i.e. the creation of Web applications
through the composition of Web services, without requiring skills in computer programming. Cappiello
and colleagues present DashMash [Cappiello et al., 2011], an end-user oriented platform enabling
inexperienced users to compose their own mash-ups, in the form of dashboards exploiting company-
internal services operating on data warehouses and public APIs.

The work in [Ghiani et al., 2011] proposes an approach, based on direct manipulation, which allows end
users to create mash-ups by using web components extracted from existing web applications, such as
Amazon or eBay. Other EUD tools for mash-ups are based on annotation features (e.g., [Avola et al.,
2011; Dittrich et al., 2011]).

A recent mashup platform, EFESTO, enables end users to create interactive workspaces by exploiting
visual composition paradigms that accommodate the end-user mental model. With EFESTO end users
create “live mashups” where information is dynamically extracted from heterogeneous data sources and
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visualized and manipulated into visual templates [Desolda et al., 2016]. Besides the composition
paradigm for end users, one of the most relevant features of EFESTO is the possibility to exploit the data
available in the Linked Open Data cloud. In fact, this mashup platform allows end users to extend a Web
service with the so-called "polymorphic data source" built on top of the Linked Open Data cloud. It is
called polymorphic because it provides mutable information with respect to the data sources of which it
is composed [Desolda, 2015].

Following a RW culture, instead of a RO one, mashup platforms can be regarded as EUD environments
able to foster user creativity in defining tools for personalized search and data analysis, and, at the same
time, transform end users from consumers of a variety of Web services into producers of Web
applications suitable to their work practice or personal needs.

3.3 Electronic Patient Records

Patient records are official artifacts with which medical and paramedical personnel preserve the memory
or knowledge of facts and events that occurred in a hospital ward [Berg, 1999]. The patient record is a
many-sided document: it is available to several different people, with different skills, background and
expertise. They are not only physicians and nurses, but also patients and their relatives; thus patient
records must have the ability to speak different “voices” to convey different meanings according to
people using it [Cabitza & Simone, 2009]. A patient record is composed of a number of modules, each one
containing specific patient data; hospital personnel in different wards are usually only interested in a
subset of such modules. The employees use the modules to accomplish their specific tasks: for example,
the reception staff records personal data at the acceptance of patients into the hospital; physicians
examine other modules to make a diagnosis; nurses record medications and patients’ parameters; and so
on.

The development of the Electronic Patient Record (EPR) must take into account the various stakeholders
involved in the EPR management and their different needs and personal (visual) languages. In the study
reported in [Costabile et al., 2009], five different stakeholders have been identified: 1) practice managers,
who decide the modules to be taken into account for the hospital; 2) head physicians, who are responsible
for the specific EPR (subset of modules) for the ward; 3) physicians, using the EPR into their ward; 4)
nurses, who fill the EPR; and (5) administrative staff who manages patient admission and billing. This is a
typical situation that can be found in any hospital. In particular, the head physician has the responsibility
of the definition of the EPR to be adopted in her/his ward, and currently must transfer her/his EPR
specification to IT personnel or software consultants for successive implementation.

The SSW methodology described in Section 2.3 has been applied for the development of a novel concept
of EPR, tailored to the ward’s needs and to the different stakeholders’ preferences and practices
[Costabile et al., 2008a; Costabile et al., 2007]. At the meta-design level foreseen by the SSW methodology
a team composed of software engineers, HCI experts and physicians designed the software environments
for the different stakeholders, as well as the data modules, which are the basic components of the EPR. At
the design level, software environments allowing each head physician to design the EPR for her/his
ward by directly manipulating data modules in her/his software environment have been created,
without depending anymore on “high-tech scribes” but sharing control on the system with them (see
design guidelines in Section 6). In this case, physicians and nurses of a specific ward are the end users,
while the head physician is the end-user developer in charge of creating the EPR for them.

3.4 Supporting People with Cognitive Disabilities

People with cognitive disabilities represent a “universe of one” problem [Carmien & Fischer, 2008;
Carmien & Fischer, 2010]. They often will have several different disabilities and each specific combination
of cognitive, motoric, sensory, and psychological impairments together define a need for deeply
customized assistive technology such that a solution for one person will rarely work for another. The
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“universe of one” conceptualization includes the empirical finding that (1) unexpected islands of abilities
exist: users can have unexpected skills and abilities that can be leveraged to ensure a better possibility of
task accomplishment; and (2) unexpected deficits of abilities exist often occurring in otherwise high
functioning individuals. Accessing and addressing these unexpected variations in skills and needs,
particularly with respect to creating task support, requires an intimate knowledge of the user that only
caregivers can provide.

The fundamental challenge derived from supporting the "universe of one" requirement is that it demands
highly specific systems that we tried to achieve with a meta-design approach.

The Memory Aiding Prompting System (MAPS) [Carmien, 2006] represents a socio-technical environment
based on a meta-design framework by providing the caregivers the design power to modify and evolve
the technical systems according to the needs of individual users. To accommodate unexpected issues at
use time, systems need to be underdesigned [Brand, 1995] by providing a context and a background against
which situated cases can be interpreted thereby allowing the “owners of problems” to create the solutions
themselves at use time.

Supporting people with cognitive disabilities represents a multi-tiered proxy design problem, since the end
users (the persons with cognitive disabilities) cannot act as end-user developers, but only their caregivers
can exercise this role. Some problems are characterized by the presence of end users that may not be able
to express their needs, requiring additional stakeholders to articulate such needs and act as end-user
developers on behalf of them and for them (see the proposed taxonomy of EUD activities in Section 4.3).

The challenge of MAPS was to design tools flexible enough to adapt to the unique needs of people with
cognitive disabilities. The system was developed as a platform able to provide a prompting system for
individuals with cognitive disabilities, along with an editing tool that allowed caregivers to design
prompting scripts (Figure 3). It was aimed to support the independence and safety of people with
cognitive disabilities in their daily activities, such as going to a grocery store or taking a bus. Participation
was motivated by the fact that creating a specific environment by caregivers helped the people with
cognitive abilities. Furthermore, like in other applications previously described, participation was
facilitated by domain-oriented interaction support: indeed, designing a system for a unique use could be
learnt and done with a reasonable time investment, thus coping with the trade-off between cultures of
participation and participation overload (see Section 5.2).

MAPS included: (1) an editor to enable the caregiver (usually a family member) to edit, store, and reuse
multimedia scripts for prompting instructions to support different daily tasks (i.e., sequences of video
and verbal instructions); (2) a shared information space for storing script images and sounds, user and
task modeling metadata, and a repository of tested scripts to be used as templates by other caregivers
using the editor; and (3) a PDA-based device that prompted instructions to support the persons with
cognitive disabilities in the accomplishment of their daily tasks.
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Figure 3: MAPS: empowering caregivers to act as designers

Multi-tiered proxy design problems push further in the direction of adopting meta-design approaches,
since all involved stakeholders must be provided with suitable languages and tools to foster their
participation in the development of software and hardware systems that support end users [Costabile et
al., 2007].

3.5 Physical rehabilitation

The PhD research of Daniel Tetteroo [Tetteroo, 2013; Tetteroo, 2015] explored the design, development,
and deployment of an end user extensible physical rehabilitation technology (called TagTrainer). The
thesis provides a socio-technical perspective on the merits and issues related to the deployment of an
EUD system in the context of physical rehabilitation therapy requiring personalized exercises, due to the
high diversity in patients and their corresponding treatment needs.

TagTrainer is a tangible, interactive training platform for arm-hand rehabilitation exercises focused on
relearning daily activities, such as manipulating cutlery and cups, in patients who experienced a stroke
[Tetteroo et al., 2014]. It consists of four parts: 1) one or more interactive boards that can give audio-visual
feedback and are able to detect RFID-tagged objects; 2) a collection of objects with RFID-tags attached to
them; 3) the TagTrainer Exercise Creator, which supports therapists in creating and modifying exercises
to be executed on the board; and 4) the TagTrainer Patient Interface, which allows therapists to manage
personalized exercise programs by providing patients with feedback about their progress. From a
preliminary study, it emerged that therapists are not information workers and usually do not rely on ICT
for delivering treatment to patients; however, a cultural transformation could be fostered through
TagTrainer, which allowed therapists to become end-user developers, without the need to learn any
programming language.

The PhD thesis describes the user-centered and participatory design process adopted for TagTrainer
development; and it presents four studies in which TagTrainer was deployed in the context of
rehabilitation clinics. The aim of these studies was to evaluate the acceptance of TagTrainer, to probe the
feasibility of therapists as end-user developers of training exercises, and to identify factors that influence
the uptake of EUD practices. In particular, it has been observed how therapists varied in engagement as
exercise creators: indeed, they played different roles, either (re-)using existing exercises or creating new
ones, depending on their attitudes, age, and experience with information technology, as anticipated by
cultures of participation theory introduced in [Fischer, 2011] (see Section 4.1). The research effort centered
on TagTrainer identified some key challenges for enabling EUD practices in clinical settings: aligning
with the organization model, guiding end-user developers to ensure usability and software quality of
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their creations (see design tradeoffs discussed in Section 5.4), and providing features for retrieval and
sharing of solutions created by end-user developers [Tetteroo et al., 2014].

3.6 Virtual worlds

Research conducted by Benjamin Koehne [Koehne et al., 2011] employed meta-design based theories in
virtual worlds specifically by contrasting massively-multiplayer online role-playing games such as “Lord
of the Rings Online” with open-ended virtual worlds such as “Second Life”. The research employed
ethnographic methods to explore the following research objectives:

» develop additional examples of meta-design for worlds that have no laws and boundaries;

= support the empowerment of end users that are not initially interested or motivated to conduct design
practice;

= assess the duality between virtual worlds and meta-design, i.e.. how does meta-design affects
practices in virtual worlds and vice versa; and

* analyze the support for meta-design in both unique environments, focusing on the benefits and
shortcomings of the gaming-oriented and the open-ended environment under study.

Some of the findings of this research can be summarized as follows:

»  Virtual worlds offer an opportunity to study the effects of collaboration on the way casual users
move through rich ecologies of participation (see Section 4.2). Technical scaffolding systems alone are
not sufficient. Instead, social community components need to make collaboration tools more
accessible and attractive for casual users.

* Current open-ended virtual worlds (such as Second Life) provide means for extensions through
source code modification which only technical people will be able to do. Additional mechanisms
supporting meta-design would empower end users to extend these systems with additional
capabilities.

4 New Conceptual Developments

This section explores some of the concepts related to the meta-design paradigm that emerged or were
refined in the last decade. Table 2 briefly summarizes such concepts, while the next subsections discuss
them in more detail.

Table 2: Concepts related to meta-design

Concept Description

Cultures of participation A shift from a consumer culture to cultures of participation, in
which all people are provided with the socio-technical means for
participation, has been observed in commercial systems and
scientific works.

Rich ecologies of participation Beyond the roles of consumer and designer, other roles of end
users have been identified in literature; this led to identify richer
ecologies of participation in software development.

Taxonomy of EUD activities Different types of EUD activities have been identified and
classified as individual EUD, public inward EUD and public
outward EUD.

Co-evolution model A model describing the interaction and co-evolution of users and

systems is proposed; it takes into consideration all the different
types of EUD foreseen in the EUD taxonomy.
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4.1 Cultures of Participation

The rise in social computing (based on social production and mass collaboration) has facilitated a shift from
consumer cultures (specialized in producing finished artifacts to be consumed passively) to cultures of
participation (in which all people are provided with the means to participate and to contribute actively in
personally meaningful problems) [Fischer, 2011; Jenkins, 2009].

Cultures of participation are facilitated and supported by a variety of different technological environments
(such as: the participatory Web (“Web 2.0”) [O'Reilly, 2005], table-top computing and domain-oriented
design environments [Arias et al., 2016]); all of them contributing in different ways to the aims of
engaging diverse audiences, enhancing creativity, sharing information, and fostering the collaboration
among users acting as active contributors and designers. They democratize design and innovation [von
Hippel, 2005] by shifting power and control towards users, supporting them to act as both designers and
consumers (“prosumers”) [Tapscott & Williams, 2006] and allowing systems to be shaped through real-
time use.

The following design requirements derived from the meta-design framework support cultures of
participation as follows:

*  Making changes must seem possible: Contributors should not be intimidated and should not have the
impression that they are incapable of making changes; the more users become convinced that
changes are not as difficult as they think they are, the more they may be willing to participate.

»  Changes must be technically feasible: If a system is closed, then contributors cannot make any changes;
as a necessary prerequisite, there needs to be possibilities and mechanisms for extension.

*  Benefits must be perceived: Contributors have to believe that what they get in return justifies the
investment they make. The benefits perceived may vary and can include: professional benefits
(helping for one’s own work), social benefits (increased status in a community, possibilities for jobs),
and personal benefits (engaging in fun activities).

= The environments must support tasks that people engage in: The best environments will not succeed if they
are focused on activities that people do rarely or consider of marginal value.

= Low barriers must exist to sharing changes: Evolutionary growth is greatly accelerated in systems in
which participants can share changes and keep track of multiple versions easily. If sharing is difficult,
it creates an unnecessary burden that participants are unwilling to overcome.

»  Defining the role of meta-designers: Meta-designers should use their own creativity in developing socio-
technical environments in which other people can be put in charge. They must be willing to share
control of how systems will be used, which content will be contained, and which functionality will be
supported.

Cultures of participation support users as active contributors who can transcend the functionality and

content of existing systems. By facilitating these possibilities, control is distributed among all stakeholders

in the design process. There is evidence that shared control will lead to more innovation [von Hippel,

2005]: “Users that innovate can develop exactly what they want, rather than relying on manufacturers to act as

their (often very imperfect) agents.” (A similar argument surfaced in the interview with the geo-scientist

described earlier). Cultures of participation erode monopoly positions held by professions, educational
institutions, experts, and high-tech scribes [Fischer, 2002]. Drawbacks and trade-offs associated with

cultures of participation are discussed in Section 5.2.

4.2 Rich Ecologies of Participation

Users and developers are commonly considered two distinct groups of people. Nowadays, with the Web
2.0 and the widespread use of web-based software systems, the sharp distinction between users and
developers is quickly disappearing since users are more and more involved in the development of
interactive (web-based) systems. An example is given by Google Sites and the many other similar
platforms that today allow even naive users to have an active role in the development of web sites suited
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to their needs. This results in a continuum ranging between end users as passive consumers to meta-
designers [Fischer & Giaccardi, 2006]. In some cases, the same individuals play different roles: sometimes
they are and want to be consumers, in other situations they prefer to be designers. Therefore, the terms
“consumer” and “designer” cannot be considered as attributes of a person, but as roles in a specific
context. More generally, several virtual organizations of end users exist in which richer ecologies of
participants can develop according to their own needs [Preece & Shneiderman, 2009]. A deeper
understanding of these ecologies leads to identify further roles beyond the traditional ones: professional
amateurs [Leadbeater & Miller, 2004], prosumers [Tapscott & Williams, 2006], power users, local developers,
and gardeners [Nardi, 1993], bricolant-bricoleur [Cabitza & Simone, 2015]. Such roles need to be exploited to
create multi-faceted computational environments [Myers et al., 2006] tailored to the interests, needs and
expertise of different stakeholders (see for instance the SSW methodology and HMS model discussed in
Section 2.3), in order to also support migration paths among the different roles [Fischer et al., 2008].

The meta-designer role is usually intended for those professionals who are in charge of creating “open
systems at design time that can be modified by their users, acting as co-designers, requiring and supporting more
complex interactions at use time” [Fischer & Herrmann, 2011]. The work of Cabitza et al. [Cabitza et al.,
2014b] extended this definition by introducing a distinct role for her/his social counterpart, that is the
role of the maiueta designer. On the one hand, the meta-designer is regarded more as a technical role:
he/she is in charge of designing the EUD environment and all those tools by which end users could carry
out their EUD activities. On the other hand, the maieuta designer can be considered as someone in charge
of designing the EUD-enabling environment by creating the social conditions for end users to become
developers of their own system. These social conditions include: (1) sustaining end users to appropriate
the design culture and the technical notions necessary for system development; (2) involving as many
end users as possible in the process of continuous refinement of the system, by stimulating their
participation and providing tools supporting their collaboration, and (3) facilitating the migration from
the role of passive user to that of end-user developer. For these reasons, such a designer has been called a
“maieuta”, that is, someone who is able to apply the Socratic method of making people acquire notions,
motivations, and self-confidence to undertake challenging tasks.

The maieuta designers are the persons who guarantee the long-term sustainability of an EUD project.
Indeed, they should be identified within a community as someone who could make all community
members become progressively independent of the IT professionals. One of their main tasks is to design
(or better “co-design”) initiatives in which to promote the EUD project and transfer to the community
members the underlying values and concepts (i.e., empowerment, co-production, appropriation, cultures
of participation, etc.). For example, the maieuta designer can devise simple mechanisms to foster
participation and build a real culture of participation by creating proper motivation strategies, e.g. by
exploiting gamification mechanisms [Benzi et al., 2015], and by creating collaboration infrastructures (e.g.
by setting up social media associated with the EUD project to stimulate contributions and moderate
communication among community members).

4.3 EUD Taxonomy

The new developments that occurred in the EUD field in the last ten years have led research scholars to
analyze the new concepts, roles, and artifacts developed around EUD. To this aim, an EUD taxonomy has
been proposed in [Cabitza et al., 2014a]. In this taxonomy, a classification of EUD into individual EUD and
public EUD is proposed (see Figure 4). Individual EUD encompasses all those activities that are concerned
with the creation, modification or extension of a software artifact for personal use only (therefore,
individual EUD overlaps with End-User Programming [Myers et al., 2006]). Typical examples of
individual EUD are spreadsheet programming for macro creation or modification, and scripting
environments, like R and MATLAB, for statistical computing and data visualization (used by biologists,
geologists and other scientists to analyze and display their data autonomously).
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Public EUD denotes all those situations where end users either create or configure software artifacts that
are used by other people belonging to the same community (because they are colleagues and co-workers)
or belonging to a different community (because they work in a different department). In both cases,
public EUD means that the outcome of the EUD activity is aimed at being shared and publicly available
to others than the end user involved in the programming activity. The main difference between public
and individual EUD is then the explicit intention behind the development effort: either making
something intended to be shared or not.

Public EUD can be further specialized into inward EUD and outward EUD. In the former case, the people
carrying out the EUD activity work for a community they also belong to, as in the case of Electronic
Patient Records mentioned before [Costabile et al., 2008a; Costabile et al., 2007]. In inward EUD, activities
are intended to support members of small teams and groups of people sharing sets of conventions,
assumptions, and practices, i.e., communities of practice [Wenger, 1998; Wenger et al,, 2002]. In this case,
one member or a group of members of the community carries out the EUD activities: they work for the
proficiency of the community itself, given their (often tacit) knowledge of the characteristics and skills of
its members. In the outward EUD case, the EUD activity is aimed at building and improving tools that
are to be used across different communities or, even, in other communities. Therefore, at least two
communities (forming a community of interest [Fischer, 2001]), are involved and there is no guarantee
that those who carry out EUD activities will also take advantage of the product of these activities. For
example, in the e-government case (see Section 3.1) [Fogli & Parasiliti Provenza, 2011; Fogli & Parasiliti
Provenza, 2012], the civil servants are in charge of creating e-government services for the citizens,
whereas in the Memory Aiding Prompting System (see Section 3.2) [Carmien & Fischer, 2010 ], caregivers
develop and customize prompting systems for persons with cognitive disabilities. Therefore, in public
outward EUD, the quality of the software artifacts created by the end-user developers is more important
than in individual and public inward EUD (see design tradeoffs in Section 5.5).

The objective of deepening the meaning implicit in the taxonomy is twofold: on the one hand, it suggests
that there exist different “types” of end-user developments, and that therefore different meta-design
frameworks, methods, and techniques should be considered for sustaining the activities of the end-user
developers; on the other hand, it focuses on public EUD that is more and more pervading our daily life,
but that has not received so far enough attention by the EUD community (this is true especially for
outward EUD).
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Figure 4: A Taxonomy of EUD Activities

4.4 Co-evolution Model

EUD encompasses techniques and applications that empower end users to develop and adapt systems
creating foundations for the co-evolution of users and systems [Costabile et al.,, 2007]. To model this
phenomenon, the Interaction and Co-Evolution (ICE) model (proposed in [Costabile et al, 2006a])
encompasses three cycles: the user-system interaction cycle, the task-artifact co-evolution cycle, and the
organization-technology co-evolution cycle. The inner cycle emphasizes that two different interpretation
processes occur inside the human and the machine, which may become the source of usability problems
and are related to the communication gap existing between users and designers at design time. The task-
artifact co-evolution cycle recalls a well-known phenomenon described by Carroll and Rosson [Carroll &
Rosson, 1992], namely that the software artifacts created to support some user’s tasks usually suggest
new possible tasks and that, to support these new tasks, new artifacts must be created. The outer cycle
regards the co-evolution phenomenon according to a wider view: since technology advances provide
designers with new possibilities for improving interactive systems once they are already in use, these
possibilities may change users’” working habits, thus making their social and work organization evolve
itself with technology.

The ICE model is suitable to individual EUD, whilst an extended model, ICE:, has been proposed in [Fogli
& Piccinno, 2013a] to deal with public inward and outward EUD. Here, since end-user developers
develop for others, they need to interact easily with an EUD environment to create, modify, or adapt
software systems devoted to end users. Therefore, the ICE: model encompasses the end-user developer
role, and three additional cycles model the mutual influence that systems and technology have with end-
user developers and respective organizations.

Figure 5 illustrates the ICE: model presented in [Fogli & Piccinno, 2013a]. The left-hand side of the figure
corresponds to the ICE model previously mentioned; it describes a process that is influenced by the
specular process involving end-user developers, which is described by the right-hand side of the figure.
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The artifact can be regarded as a boundary object [Star, 1989] between the community of end users and
that of end-user developers. It consists of the software system devoted to the end users and of the EUD
tools used by end-user developers to generate and/or adapt the software system for end users. Different
kinds of interaction between the two co-evolution processes occur at use time. They are discussed in
[Fogli & Piccinno, 2013a] with the help of some case studies.
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Figure 5: The ICE: model

5 Identifying Design Drawbacks and Trade-Offs Associated with Meta-Design

This section will examine some of the most important design trade-offs associated with meta-design.
They are first summarized in Table 3 and then analyzed in the following sub-sections.

Table 3: Design trade-offs related to meta-design scenarios.

Trade-off Description

Standardization vs. Tension between improvisation that encompasses innovation and

Improvisation creativity and the need for providing standard applications easy to
distribute and maintain.

Cultures of participation vs. Culture of participation can cause 1) information overload (by

Information, participation and | generating more information), 2) participation overload (by

collaboration overload engaging people to act as active contributors), and 3) collaboration

overload (by requiring coordination activities between the
numerous contributors).

End-user driven evolution vs. End user-driven evolution is no guarantee for success because: (1)
Lack of continuity and synergy | there is a lack of continuity over time, and (2) professional
developers and users did not collaborate.

Usability of EUD products vs. Guaranteeing the usability of the software artifacts created by end-
flexibility of EUD tools user developers should be counterbalanced by a lack of flexibility in
their creation/adaptation possibilities.

Utility vs. usability of EUD Some EUD projects should privilege utility whilst other should
products focus more on the usability of EUD products; the “type” of EUD
(see EUD taxonomy) may determine the choices in setting up the
socio-technical conditions for EUD.
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5.1 Standardization versus Improvisation

Meta-design creates inherent tensions, for example, between standardization and improvisation. The SAP
Info (July 2003, page 33) argues to reduce the number of customer modifications ([Fischer & Giaccardi,
2006], p.446): “every customer modification implies costs because it has to be maintained by the
customer. Each time a support package is imported there is a risk that the customer modification may
have to be adjusted or re-implemented. To reduce the costs of such on-going maintenance of customer-
specific changes, one of the key targets during an upgrade should be to return to the SAP standard
wherever this is possible.” Finding the right balance between standardization (which can suppress
innovation and creativity) and improvisation (which can lead to a Babel of different and incompatible
versions) has been noted as a challenge in open-source environments [Raymond & Young, 2001 ], in
which forking has often led developers in different directions.

5.2 Transcending Consumer Cultures versus Information and Participation Overload

More and more information is available in the current digital society, coming from social networks, smart
sensors and actuators, personal mobile systems, and web-based applications (e.g.: there are approx. 1.5
Million Apps available for iPhones and Android phones). Better support environments (such as: search
engines, recommender systems, aggregators systems, and context-aware applications based on user and
task models) are needed to cope with this information overload [Fischer, 2012].

Cultures of participation (see Section 4.1) have as a downside that they are contributing to a participation
overload problem. People are more and more required to personally take care of their bank accounts,
travel arrangements, retirement plans, etc. All these activities are manifestations of the DIY society. E-
participation, e-democracy, wikis, open source software and EUD environments represent other
situations where end users are asked to participate with their opinions, votes, interests, knowledge and
expertise. In addition, users are asked to participate in peer-support communities, collaboratories, and
crowdsourcing environments.

Participation overload is one of the most serious problems for meta-design. The following design trade-
offs should be taken into account:

= for personally irrelevant problems, individuals should not be forced to act as an active contributors in
cases in which they want to be consumers; people do not enjoy freedom of choice, and specifically in
complex and unfamiliar domains, active choosing can be a burden, not a benefit (in the libertarian
paternalism framework (see Section 2.2) the paternalism dimensions should be emphasized);

= for personally meaningful problems, individuals should not be restricted to act as consumers in
situations where they want to be active contributors and decision makers. In such situations,
environments should support engagement, promote learning, and participation. The rationale for this
is provided by the following observation: “The experience of having participated in a problem makes a
difference to those who are affected by the solution. People are more likely to like a solution if they have been

involved in its generation; even though it might not make sense otherwise” [Rittel, 1984].
To cope with the participation overload problem, existing methods such as rich seeds, reuse, redesign, and
remixing need to be further improved and extended. Support environments, such as construction kits and
domain-oriented design environments providing high-level building blocks and allowing users to
express themselves in their own language should be studied and developed.

5.3 Lack of Continuity and Lack of Synergy

The Oregon Experiment, a housing experiment at the University of Oregon, instantiating the concept of
end user-driven evolution, served as an interesting case study that end user-driven evolution is no
guarantee for success [Alexander, 1975]. The analysis of its unsustainability indicated two major reasons:
(1) there was a lack of continuity over time, and (2) professional developers and users did not collaborate,
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so there was a lack of synergy. These findings led to postulate the need for methods and techniques for
maintaining high the interest in the user-driven evolution activities during the time and making
developers and users engage in intense collaborations. The first aspect regards long-term sustainability,
i.e., the need for taking high the interest of users when they are involved as contributors in the evolution,
even after that any expert has left them alone.

With design rationale captured, communication enhanced, and end-user modifiability supported,
developers have a rich source of information to evolve the system in the way users really need it. This
leads to address a new issue that is the perception of relative advantage: for an innovation to have an
impact on the daily life of its users it is important that these latter ones perceive the new thing as giving
them a clear advantage with respect to the traditional counterparts whatever these are [Emani et al.,
2012].

As has been outlined in Section 4.2, in a richer ecology of participants, the role of the maieuta designer is
to make the community around a EUD system progressively more independent from the professionals
[Cabitza et al., 2014b]. In other words, the maieuta designer is the person who is in charge of designing
the EUD-enabling environment by creating the social conditions for end users to become developers of
their own system and guaranteeing the long-term sustainability of the end-user driven evolution of the
system at hand.

The more and more involvement of end users in the evolution of the system brings different stakeholders,
including consultants, designers internal to the organization and end users, to collaborate among
themselves to shape the system. This means that such stakeholders need to face fundamental challenges
in learning how to communicate and in building a shared understanding. Such a lack of synergy emerged
also because during time, users and environments evolve. Collaborative design has emerged as a
response to the needs felt by various organizations of adapting software to specific environments and
users. Visual mediation mechanisms for collaborative design, development and evolution of software
have been proposed to provide a means to improve communication and cooperation among all
stakeholders involved in the design process [Ardito et al., 2011].

5.4 Usability of EUD Products versus Flexibility of EUD Tools

Several companies are more and more requiring information systems that are flexible enough to be
adapted to the variety of their users, e.g. employees, business analysts, customers, and providers [Dorner
et al.,, 2007]. EUD methods have been proposed as a solution for developing flexible systems, which can
be adapted to the different needs directly on behalf of end users. However, such end users have no or few
competencies in information technologies and often are not willing to acquire them; therefore, the
software engineering community has raised many doubts on the effectiveness of the EUD approach, by
underlying the important role played by skilled, professional software developers to guarantee software
correctness, efficiency, maintainability, and security [Harrison, 2004]. For these reasons, the End-User
Software Engineering (EUSE) research addresses the issue of software quality in EUD [Burnett & Scaffidi,
2013]. Literature works in this area propose methods oriented to non-professional software developers to
carry out requirement analysis and specification, system design and reuse, code debugging, verification
and testing. However, there is a further and important issue related to EUD, that is the usability of the
software artifacts developed by end users [Fogli & Piccinno, 2013b]. EUSE mainly considers EUD as an
activity targeted to create programs for personal rather than public use, thus distinguishing it from
professional programming [Ko et al., 2011]; in this view, usability may not be an issue. However, if we
consider public outward EUD (see Figure 4), where end-user developers create and adapt programs for
others (sometimes belonging to another community), usability of the results of the EUD activity could
become a problem. This is due to the fact that end-user developers are neither professional developers
nor HCI experts, and may have a vague understanding of the usability concept. The idea proposed in
[Fogli & Piccinno, 2013a; Fogli & Piccinno, 2013b] to cope with this problem does not conceive EUD as
direct creation of code on behalf of end-user developers, but as the instantiation of a meta-model that
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represents a domain-dependent class of software applications for end users. Therefore, usability of the
resulting environments is achieved through a meta-design activity, carried out by a multi-disciplinary
design team including domain experts, which is aimed at defining the conceptual model of the resulting
applications, the meta-model subsuming them and proper EUD tools for instantiating the meta-model in
a easy way by end-user developers. To guarantee usability, the types of available EUD activities should
be restricted and end-user developers’ creativity could be limited as a consequence. In summary, a trade-
off would emerge between the flexibility of EUD tools and the usability of EUD products.

5.5 Utility versus Usability of EUD Products

Another design trade-off that has been observed in different contexts is that between utility and usability
of software applications. In [Grudin, 1992], Grudin highlighted that in in-house and internal system
development emphasis is usually put on utility since software artifacts are built according to the
functional needs of the company; whilst, in commercial projects, usability is more important, since one of
the priorities is to facilitate system acceptance by users and thus promote the diffusion of the system.

This trade-off is revived in meta-design and is concerned with utility and usability of EUD products.
Recalling the EUD taxonomy described in Section 4.3, if one considers individual EUD and public inward
EUD, the activities of end-user development encompass system adaptation and extension to increase
effectiveness of the individual user and/or of his/her community; therefore, emphasis in these cases
should be mainly put on utility. On the other hand, in public outward EUD, end-user developers create
or adapt a software artifact by constantly taking into account the requests of the end users belonging to a
different community.

As a consequence the socio-technical conditions that meta-designers (and maieuta designers) must create
are different for these two situations. To support end-user developers in individual EUD and public
inward EUD, meta-design must focus on the design of EUD tools and infrastructures for communication
within the community; furthermore, proper training of the end-user developers must be taken into
consideration, both in terms of programming methods and languages and of software engineering
methods for guaranteeing software quality (as EUSE prescribes). On the other hand, in public outward
EUD, not only tools supporting end-user developers must fit their characteristics, skills and background,
but also the artifacts created for end users by the end-user developers must be usable. Thus, in this case,
EUD techniques must be based on domain-specific concepts inspired to daily work practices and
enriched with proper mechanisms for making artifact creation easier and code generation transparent, as
well as for guaranteeing the creation of usable artifacts. Therefore, in this case, end-user developers
should be supported no more with training in programming, but rather with user-friendly and visually
engaging EUD systems, along with motivation strategies to foster end-user developers’ participation in
effectively doing EUD.

6 Design Guidelines

The above mentioned conceptual developments and analyzed trade-offs and drawbacks led the research
on EUD, meta-design, and co-design to look for design guidelines for domain experts and for designing
in use.

Among them, the set of guidelines for domain experts (representing end users who are experts in domains
other than software design) proposed in [Fischer et al., 2009] include:

*  Support human-problem interaction. Domain experts are interested in solving their problems, rather
than in interacting with computers, therefore design must support human-problem interaction, rather
than human-computer interaction. This can be achieved by increasing domain specificity, as in the
case of domain-oriented design environments [Arias et al., 2016] and the various Software Shaping
Workshops (see Section 2.3) [Costabile et al., 2006b; Costabile et al., 2007].
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Underdesign for emergent behavior. Underdesign [Brand, 1995] relates to meta-design, in that it creates
design spaces where users can create solutions suitable to their contingent needs allowing them to
explore problems and solutions not envisioned at design time. Systems should be underdesigned so
that users do not treat them as finished products but view them as continuous beta versions that are
open to incorporate emergent design behaviors during use.

Enable legitimate peripheral participation. Newcomers to a community must be able to engage in
legitimate peripheral participation [Lave & Wenger, 1991] through transparent policies and procedures
for incorporating user contributions into the software systems. To this aim, the system architecture
must support rich ecologies of participation (see Section 4.2), in order to support newcomers in
progressively difficult and independent tasks, so that they can start participating peripherally and
move on gradually to take charge of more difficult tasks.

Share control. Meta-designers must share control on the system with the participating users. Users
can play different roles, depending on their level of involvement, and thus have their own
responsibility and authority. When users change their roles in the community by making frequent
and substantial [Fischer et al., 2008] contributions, they should be granted with more authority in the
decision-making process that shapes the system. This helps sustain user participation and system
evolution: users become stakeholders, acquire ownership in the system, and will likely make further
contributions; granting authority attracts (new) users who want to influence system development and
encourages them to contribute.

Reward and recognize contributions. Fostering user participation in system use and development
requires paying attention to users’ motivations. Human beings do not act only for material gain but
also for psychological well-being, social integration and connectedness, social capital, recognition,
and reputation [Benkler & Nissenbaum, 2006]. Motivation is derived from users’ satisfaction in their
involvement by shaping the software system to solve their problems, and can be positively reinforced
and amplified when the community’s social structure and conventions reward and recognize the
contributions of users.

Foster reflective communities. The knowledge relevant to a complex design problem is usually
distributed among many domain experts. Fostering reflective communities becomes a fundamental
goal of meta-design [Arias et al., 2016] and can be achieved by creating proper mechanisms for
collaboration among domain experts, who may bring controversial perspectives to the problem
solution. This requires facilitating a shared understanding among domain experts, by allowing them
to bring their different knowledge sources and equally contribute to the creation of new insights, new
ideas, and new artifacts.

The set of guidelines for designing in use [Maceli & Atwood, 2011] are derived from the literature on co-
design (in which designers and users collaboratively are shaping a system over time) and include:

Connect with other people with similar needs, both nearby and far away. This principle would like
to encourage designers to focus on how users can use the system to connect with other people, and
how they might extend the system to satisfy this requirement.

Reach out and converse with other people in real-time, while they are using the system. This
principle emphasizes how users can have live experiences and conversations with other people, who
could be not only other users within or outside their community, but also designers or users acting as
designers. This principle also suggests paying attention to the emergent use of chat and
microblogging tools to facilitate backchannel conversations.

Combine it with other tools and systems they use regularly. The idea suggested by this principle is
regarding a system as only one piece of a larger, evolving puzzle and not assume it to be something
on which the user is totally focused for all the time. Users interact with several tools and systems on a
daily basis and often at the same time. The possibility offered by mashups (see Section 3.2) to
combine different data sources and programming interfaces to create novel tools is suggested as a
possible way to address this need.
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*  Begin using it quickly, without a lot of help or instruction. This principle is related to the general and
traditional theme of system usability; it is aimed at envisioning ways in which users could begin
using a system quickly, by potentially becoming able to act as designers with a limited effort.

*  Tailor it to their personalized needs. This principle regards tailorability as fundamental to support
users to act as designers. Both adaptivity (the system may tailor itself on the basis of recurrent user
interactions) and adaptability (the user consciously performs tailoring actions) are considered
successful solutions to provide users with the necessary tools for system modification when new
needs arise during its use.

With respect to the meta-design guidelines mentioned before, these principles are especially aimed at

providing a frame for users and designers to communicate changes across the system lifecycle to foster

co-evolution of system and users.

7 Conclusion

Providing all citizens with the means to become co-creators of new ideas, knowledge, and products in
personally meaningful activities presents one of the most exciting innovations and transformations with
profound implications in the years to come. This objective characterizes the vision behind EUD as a cultural
transformation, which complements and transcends the traditional technological perspective of EUD
[Burnett & Scaffidi, 2013] and the current research trend aimed at promoting computational thinking
[Brennan & Resnick, 2012; Kafai, 2016], both oriented to engage and support people in programming
activities.

To make this vision a reality, the EUD research community needs to establish new discourses and shared
languages about concepts, assumptions, values, stories, metaphors, design approaches, and learning
theories. End users (by claiming ownership in personally meaningful problems) should be empowered to
design, build, and evolve their own artifacts and meta-designers should create environments to foster
cultures of participation. These objectives will support all citizens to situate computation in new cultural
and material contexts with the support of socio-technical environments that democratize design.

New information and communication technologies have been heralded as the major driving forces
behind innovations in working, learning, and collaborating. But many approaches have had only a minor
impact by being conceptualized primarily as fechnology-centered developments. Technology alone does not
determine social structure: it creates feasibility spaces for new social and cultural practice. Changes in
complex environments are not only dictated by technology; rather, they are the result of an incremental
shift in human behavior and social organization and, as such, require the co-design of social and technical
systems.

In an EUD culture supported by meta-design, individuals acting as designers will acquire a new mindset:
they are no longer passive receivers of knowledge, but instead are active researchers, designers, and
communicators of knowledge. Knowledge is no longer handed down from above, but instead is
constructed collaboratively in the contexts of work.

Meta-design provides the enabling conditions for putting owners of problems in charge by defining the
technical and social conditions for broad participation in design activities. It addresses the challenges of
fostering new mindsets, new sources of creativity, and cultural changes to create foundations for
innovative societies. The foremost objective of meta-design is empowering humans (albeit not all of them,
not at all times, not in all contexts) to be and act as designers in personally meaningful activities [Fischer,
2011].
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