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Abstract. Over the years, interaction design has become increasingly complex
due to the evolution of end users of interactive systems. Approaches such as usercentered design (UCD), which proved effective in the creation of usable interactive systems, have to deal with this evolution. As HCI researchers working at the
design of interactive systems in several and various application domains, we are
experiencing the effects of this evolution, in particular when we have to weigh
up every usability aspect depending on the specific context or the target end users. In this position paper, we report our experience from the perspective of
designing End-User Development (EUD) systems, i.e., software artifacts that
can be modified, extended, or even created by non-professional software developers.
Keywords: User-Centred Design, Competing UI Properties
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Introduction

Exponential technological advances push end users to evolve from having traditional
roles as passive information consumers to more active ones. Users are increasingly
willing to shape the systems they use to adapt them to their needs, tasks and habits, by
manipulating and tailoring software artifacts and create new configurations or new designs. Accordingly, the goal of human–computer interaction (HCI) has been evolving
from just making systems easy to use (even though that goal has not yet been completely achieved) to building frameworks that can lead to systems easy to create. This
challenge is addressed by the End-User Development (EUD), an emerging paradigm
that aims to empower end users to let them develop and adapt systems by themselves.
A widely accepted definition of EUD is provided by Lieberman et al.: “A set of methods, techniques, and tools that allow users of software systems, who are acting as nonprofessional software developers, at some point to create, modify, or extend a software
artifact” [1].

Enabling EUD entails providing end users, who in most cases are not technologically
skilled, with appropriate environments and tools that allow them to contribute to the
design, development and evolution overtime of software artifacts. Tasks that are traditionally performed by professional software developers are thus transferred to end users, who become co-designers of the tools and products they will use. This does not
imply transferring the responsibility of good system design to them. It actually makes
the work of professional developers even more difficult, since end users have to be
supported in their new roles as designers and developers.
Building systems that permit EUD activities requires a shift in the design paradigm,
which must move from user-centered and participatory design to meta-design, characterized by two main phases [2, 3]. The first phase consists of creating the design environments that allow system stakeholders to participate in the design (meta-design
phase). The second phase consists of the design of the final applications, carried out by
the joint work of the various stakeholders, who collaborate through their design environments (design phase).
According to the meta-design paradigm, all system stakeholders, including end users, are active members of the design team. The professional developers involved in the
traditional design are the team of meta-designers, who create software environments
through which the other stakeholders, acting as designers, can be creative and can adapt
the software to fit their specific needs. They can create and modify elements (objects,
functions, user interface widgets, etc.) of the system of interest, and exchange the results of their activities to converge to a common design.
Since 2004, the researchers at the Interaction, Visualization, Usability and UX (IVU)
Lab have worked on theories, methodologies, models and tools to foster the adoption
of EUD systems by non-technical end users in real and various contexts such as ehealth, e-commerce, serious games, and cultural heritage (see [4] for a short description
of these tools). Later, starting 2012, they have been collaborating on these topics with
researchers of the Politecnico di Milano, in particular on the development of EUD platforms for web mashup [5] and smart objects configuration [6]. In the following of this
paper, we describe our experience in designing an Electronic Patient Record (EPR)
EUD systems in the e-Health domain and a web mashup platform that has been customized to the Cultural Heritage (CH) and the Technology Enhanced Learning (TEL)
domains.
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The electronic patient record case study

The first case study refers to the medical domain. The authors collaborated with the
physicians of the “Giovanni XXIII” Children Hospital of Bari, in Southern Italy, to
develop some applications to support their work. In some meetings, the advantages of
an Electronic Patient Record (EPR) for managing data about patient history were discussed. They clearly remarked the difficulties of accepting one of the many proposals
of EPR, because they impose to practitioners predefined document templates and
masks. Physicians, nurses and other operators in the medical field are reluctant to accept
such unified templates; as various authors also observed [7-9], they want to customize
and adapt the EPR to their specific needs. Thus, the EPR is a natural target for EUD.

First, a contextual enquiry was carried out to study the domain, to identify
and analyze the main system stakeholders, and to acquire the necessary
knowledge to inform the model-based design. The following stakeholders for the
EPR management were identified: 1) practice manager; 2) head physicians; 3) physicians; 4) nurses; 5) administrative staff, 6) patients. In particular, the head physician
has the right and the responsibility to decide about the patient record adopted by physicians and nurses of his ward. The analysis of the work activities clearly showed that
each ward personnel use their specific patient record.
Then, we created the meta-design team composed by software engineers, HCI experts and the practice manager, a domain-expert whose knowledge is necessary to design the EPR modules. The meta-design team created the software environments for
the different stakeholders, as well as the data modules, which are the basic component
of the EPR, and the application template to allow each head physician to design the
EPR for her/his ward by directly manipulating data modules in her/his SSW. The main
interface of the head physician’s software environment is shown in Fig.1.

Fig. 1. Screenshot of the software environment used by the head physician for creating the EPR
for the personnel in his ward by dragging the data modules from the left side to the right side

The feedback received from the involved end users was positive and encouraging. The
domain experts appreciated very much the meta-design approach, which allowed them
to contribute to the design of the final applications. The head physicians the authors
worked with at the hospital were never satisfied of the various proposal of EPR they
had examined, which forced the adoption of a format not adequate to the needs of their
wards; thus, they liked a lot the opportunity to eventually shape the EPR tailored to
their wards. Another positive remark of the domain experts was that they felt to be
actually aided in their designer role both by the appropriateness of the tools available
in their design environment.
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Web mashup platform case studies

Web mashup platforms accommodate very well EUD, as they allow end users to create
new applications by integrating functions and content exposed by remote services and
Web APIs [10]. We performed two field studies in different application domains, as
reported in details in [11]. One study was carried out in the context of visits to archaeological parks. Two professional guides composed a mashup application for retrieving
content relative to an archaeological park using a desktop application, accessible
through a PC placed in their office (Fig. 2a). They associated media contents, such as
photos, videos, and wiki pages with park locations to be visited during the guided tour,
by searching for them on public API sources. Later, during a guided visit of the archaeological park, two guides used the mashup application to show the content to visitors
by using a large interactive display when introducing the visit (Fig. 2b) and a tablet
device during the tour in the park (Fig. 2c). Content was represented by a pin on a
Google map centered on the park. By tapping on an icon, a pop-up window visualized
the corresponding media.

b

c
a
Fig. 2. A professional guide interacts with the mashup platform visualized on a PC for retrieving and organizing content on a map (a), which is later shown on a large interactive display (b)
or a tablet (c)

Another field study, performed in a context of Technology-Enhanced Learning
(TEL), allowed us to analyze the use of the platform in a situation where students learn
about a topic presented in class by their teacher, complementing the teacher’s lecture
by searching information on the Web (see Fig. 3). The retrieved information can also
be communicated and shared with the teacher and the other students using interactive
whiteboards, desktop PCs and personal devices (e.g., laptop, tablet and smartphone).

Fig. 3. A workspace on Invertebrates animals, organized as a mind map, created by the teacher
using a desktop PC and later integrated by the students with further content as part of their
homework.

Both the studies demonstrated that the platform is sufficiently easy to use and users
felt quite supported in accomplishing their tasks. Most participants appreciated the
value of the platform in enabling easy and effective integration of content retrieved on
the fly from online APIs. Low response time of the platform was indicated as a negative
aspect, but this was due to the very poor technology infrastructure available both at the
archaeological park and at the school lab.
Participants highlighted the lack of collaboration tools, such as chats or forums.
Other remarks also concerned distributed collaborative creation of components and
functions to annotate services, widgets, and information items.
The studies also revealed new requirements that mashup platforms should feature to
foster their adoption in real contexts. The users expressed the need to “manipulate” data
extracted from services. They highlighted that through the platform they could not perform much more than visualizing data, modifying visualizations, and inspecting data
details. They would instead appreciate functions to make the displayed information actionable, i.e., suitable for being manipulated according to their task goals [12]. For example, in the content retrieval task, beyond composing services and choosing how to
visualize retrieved content, participants also wanted to perform ordering, filtering, or
selecting a specific part of a content item, possibly annotating the selected parts with
comments. Another important requirement that emerged is related to the information

retrieval power of the mashup platforms: users reported that, in order to satisfy complex
information needs, data should be gathered from the entire Web - not only from web
service APIs.
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Discussion and Conclusion

EUD has started the trend toward a more active involvement of end users in the overall
software design, development, and evolution processes, to allow them becoming codesigners of the tools and products they will use. The studies showed that the users of
EUD tools are focused on aspects related to the effectiveness in supporting the tasks
they are performing and the customizability of the system in respect to the their tasks.
Therefore, other system properties come into play. One is the system flexibility, an
ingredient that can be favored by the identification of elementary components that can
then be assembled together to give life to brand new interactive systems. In this case,
the focus on usability is more related to the composition paradigm offered to the end
users than to the final interactive applications the end users build by themselves.
In the specific context of the mashup platform, in which the overarching goal was
information retrieval, end users also considered important other factors such as quality,
completeness and trust of the retrieved data [13], as well as peer communication, sharing and annotating features. Nobody considered other attributes related to aesthetic,
graphic aspect, security, privacy. The results of previous evaluations of EUD tools, applied in different application domains and based on various technologies (e.g., electronic patient records, e-commerce websites, cultural heritage authoring tools), also
confirm that end users consider important the capability of their own tools to support
them in hitting their goal.
This analysis suggests that in this new process the responsibility of good system
design cannot be transferred to end users, who have to be assisted by other ICT professional stakeholders in this new role of designers and developers. This actually makes
the work of professional developers even more difficult, since: a) it is still their responsibility to ensure the quality of the software artifacts created by end users [14], and b)
they have to create proper tools that support end users in this new role. In order to
address these issues, our methodology for designing EUD systems is based on a metadesign model. Differently than in traditional design, professional developers do not directly create a final application, but they build software environments thorough which
non-technical end users, acting as co-designers, are enabled to shape up the application
they are going to use.
Another issue, which emerged in the field studies that we have conducted to validate
our tools, is that some problems occur when the proposed EUD systems are too “general”, claiming that one single design might satisfy the requirements of many domains.
We therefore proposed domain customization as a solution to make meta-design still
more effective in creating platforms that really fit the end-user needs [15]. For example,
in the case of the mashup platform experiences, customization occurs by selecting and
registering into the platform services and data sources (public or private) that, for any
different domain, can provide content able to fulfill specific users’ information needs.

Service registration is kept as simple as possible, so that even non-technical users can
possibly add new services if needed.
Our current research is focused on designing EUD systems for the configuration of
smart objects by non-technical users [16]. As future work in the direction of investigating which system properties are valued by EUD-system users, we will exploit this new
application domain to address issues such as how our meta-design and customization
approach can be possibly modified in order to manage competing properties. In particular, we want to revise the role of the HCI expert, already included in the meta-design
team, so that he/she can be empowered in providing guidance and feedback to end users
when they act as designers.
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