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1. Introduction
Although in physical rehabilitation patients are in the caring hands of skilled and motivated therapists, the treatment time they receive is limited due to an increasing pressure on the healthcare
system. Furthermore, the exercises they need to perform can be repetitive in nature (repetition
is a key strategy in stroke rehabilitation), and patients can only receive feedback on their performance when a therapist is present. In short: there is a problem that needs to be addressed.
This thesis attempts to address this problem through a fusion of two topics: technology supported
physical rehabilitation and end‑user development. Both topics have a completely different origin (one
clinical, the other technological), but, as hopefully this thesis proves, the application of end-user
development principles to the domain of physical rehabilitation technology creates important
benefits for rehabilitation therapists and their patients. Besides, it also provides interesting and
novel perspectives on the use of technology in this domain, and on the applicability of end-user
development for healthcare related technology.
To establish an understanding about the two main topics (technology supported physical rehabilitation and end-user development), and to define the scope of this thesis, the following
sections first provide an overview of these two topics, after which the application of end-user
development to technology supported physical rehabilitation is discussed. Then, since the specific technology that was used for this thesis is a tangible interactive system, a short overview of
the field of tangible interaction is provided. Finally, the research approach that was adopted for
this thesis is explained, and an overview of the following chapters is presented.

1.1

Technology supported physical rehabilitation

Regardless of the cause of a physical impairment, most patients who are severely affected by,
and receive treatment for physical impairments will follow some sort of rehabilitation process as
soon as possible after the event that caused the impairment. Though this rehabilitation might, in
principle, be targeted on the entire body, or multiple parts thereof, the focus of this thesis and
the technology described in it, is on rehabilitation of the upper extremities (i.e., the shoulders,
arms, hands and fingers). Nonetheless, for the most part the applicability of the findings in this
thesis stretches beyond rehabilitation of the upper extremities, extending to technology‑supported rehabilitation in general.
Physical dysfunction has a major impact on many patients. For example, more than 40% of
stroke survivors suffer from chronic upper extremity problems, which limits functional performance and engagement in community life [28,59]. In addition, in tetraplegic patients, upper
extremity impairment has a high impact on the patient’s functioning and is raised to the first priority for rehabilitation [48]. Rehabilitation can improve arm-hand performance after stroke and
spinal cord injuries, and increasing exercise therapy intensity can improve treatment outcomes
[27,50]. However, offering increased training intensity to patients is hampered by the growing
demand for resources on the health system, associated with current demographic trends and the
need to address the growing incidences of spinal cord injuries [61] and strokes [55].
Technology-supported rehabilitation can potentially enable independent training with minimal
therapist involvement. A literature survey of research on rehabilitation technology for arm‑hand
training [53] shows that the majority of this work has focused on impairment-based training and
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is not fully aligned with state-of-the-art trends in neurorehabilitation, which requires offering
patient-tailored [13,47] and task-oriented training [50,52,54]. Another important requirement is
variation in training, which has been shown to contribute towards enhanced motor learning by
increasing engagement and attention during learning [35], by allowing for random practice [54],
and by offering a broader range of movement experiences, used in performing new skills [44].
Lack of exercise variability leads to a cessation of progress in patients because training offers no
new challenges to them [14,41].
Exercise variability and training content tailored to patients’ needs are essential in technology-supported training, in order to sustain compliance of patients to the therapy for longer periods. For example, a clinical trial of a sensor based technology that supports arm-hand training
with real life objects for stroke patients, showed that very satisfactory treatment effects could be
obtained, even in the chronic phase after the stroke [52]. Nevertheless, patients found that after
eight weeks, the challenge had decreased. The patients indicated that, to keep training with the
system, a higher number and a wider variety of exercises would be necessary.
Such a wider variety of (personalized) exercises cannot possibly be provided through traditional
technology providers, except maybe against prohibitively high costs. Further, technology providers might lack the clinical knowledge required for effective exercise design. Therapists and
other clinical personnel have the required clinical knowledge to produce effective exercises, but
usually possess insufficient technological knowledge and means to do so. This is where end-user
development principles might provide a solution by implementing a socio-technical environment that allows therapists to partake in the modification of the technology they are using to
treat their patients.

1.2

End-user development

A short history of end‑user development
Early computer systems were built, maintained and used by the same people, usually scientists.
The complexity of operating these machines was such that they could only be operated by persons with intimate knowledge about their inner workings. However, fairly soon the profession
of dedicated computer programmers saw the light of day. Ever since, the creation of computer
software has been the domain of such professional programmers. To ensure that these programmers were aware of the needs of their end users, practices such as requirements engineering and
user-centered engineering were adopted.
A growing trend that can be observed in the field of Human Computer Interaction (HCI)
is the adaptation and personalization of interactive devices [17]. Coming from the ultimately
impersonal mainframe systems of the 60’s, interactive devices have developed into personal artifacts that are deeply integrated in users’ lives. However, this trend of personalization puts ever
more pressure on developers and designers of interactive systems. No longer do users accept
one-size-fits-all solutions, instead they demand and expect personalized interaction. Despite the
sophistication and prevalence of user-centered design methods, it is increasingly problematic
for developers to fully anticipate the needs of users at design time (the so‑called design‑time/
use‑time divide) [33]. Consequently, it has been proposed that end-users themselves should be
enabled to create and adapt systems to their liking, in order to satisfy their personal needs [30].
This approach brought about a transformation to the role of the user, who assumes an increasing number of responsibilities traditionally intended for developers, and an increasing number
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of tasks typically carried out by professional programmers. Frequently, end‑users of software
engage themselves in the modification and extension of the software – a phenomenon first
dubbed as end-user programming (EUP), and later end-user development (EUD) and end‑user software
engineering (EUSE). Although these terms are (sometimes incorrectly) used interchangeably,
throughout this thesis the term end-user development is used. The following paragraph presents my
definition of this term, and explains how it differs from EUP and EUSE.

Defining end-user development
End-user development (EUD) is a paradigm describing the modification, extension and creation
of software by end‑users of that software. The most accepted, though not undisputed definition
of EUD has been given by Liebermann et al [30].:
“EUD can be defined 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” .
EUD contrasts from professional software development in being fueled by a sense of ‘do-ityourself ’. This does by no means imply that EUD cannot happen in a professional context [45].
In fact, many professionals perform EUD-related tasks on a daily basis. For example, Scaffidi
et al. have estimated the number of end‑user developers in 2012 to be at least 13 million in the
US alone, based on spreadsheet and database use [43]. Many of these end-user developers will
probably be unaware of the fact that they are in fact programming (i.e. they are so-called ‘unwitting software developers’ [12]). Further, many people are involved in some sort of programming
activities in their home. For example, they program a TV, thermostat or alarm system [7].
EUD can take different forms, ranging from simply specifying parameter values, to recording
and packaging repetitive interactions in macros, to creating completely new content and system
behaviors using scripts, models like spreadsheets, or even full blown programming languages
[40,62]. There exists no consensus on the exact definition of EUD, examples of definitions can
be found in e.g., [6,25,31], and thus far it remains unclear what exactly distinguishes EUD from
regular software development.
One property that unites many EUD cases is that the distinction between the developer and
end-user of software is non-existent, or at least fuzzy. Some consider the ‘self-use’ aspect that
is often associated with end-user created software to be an unique property defining EUD [25].
Still, there are many cases that are considered EUD where an end-user creates software that is
used by others than the creator (e.g., colleagues [49] or patients [51]). In a similar sense, particular development tools and methods are often adopted by end-user developers (e.g., visual
programming languages [42], programming by demonstration [15], domain specific languages),
but both cases of end-users using general programming languages and methods (e.g., HTML),
and cases of professional software developers using ‘laymen’s tools’ (e.g., the Arduino IDE [3])
are common too.
It may seem that providing an all-encompassing definition of EUD is an impossible task. A cynic might even be tempted to discard the notion of EUD being distinct from other software development entirely. Not only is there no single, universally accepted definition of EUD, existing
definitions are even conflicting. There is, however, to my opinion, one factor that ultimately distinguishes EUD practices from ‘regular’ software development practices: the intent with which
the developer is developing. In this, my notion of the topic is close to that of Ko et al. [25], but
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without tying it to self-use vs. use by others. Roughly speaking, if the intent of a software development activity is to support another activity that has more importance to the user, it would
classify as EUD. If the development itself is the main task with which the user is concerned, it
should be considered ‘regular’ software development. To put it as a definition:
“End-user development concerns those software development activities that are auxiliary to the end-user’s
primary concern in a particular context.”
This definition of EUD caters not only for the classic EUD examples, such as accountants
programming spreadsheets, but also for the fringe cases that have been discussed before. It
allows complete freedom in terms of the tools, methods or programming languages used by the
end-user developer. It also caters for the cases in which end-user developed software is (re)used
by others than the original creator, and it allows users to adopt EUD as a role in a particular
setting, even if in another setting that same user would be performing professional software
development. For example, a software developer writing an auto-save script for his IDE could
be considered an end-user developer. After all, the main task of the software developer is not
to develop the auto-save script, but to develop other software with the IDE. The development
of the auto-save script is thus auxiliary to his or her primary activity. At the same time, if this
software developer were to be working on a software module for a client, the same user would
not be performing EUD. After all, this development concerns the primary task that the software
developer is interested in.
EUD differs from its related field of end-user programming (EUP) in that it recognizes that
EUD activities take place in a socio-technical setting that goes beyond a suitable tool and the
act of programming. EUD differs from end-user software engineering (EUSE) in that the latter
definition emphasizes that the development process also concerns issues such as reliability, reuse, and maintainability. The difference between EUD and EUSE, however, is less pronounced
than that between EUD and EUP. In the remainder of this thesis, I will refer to the term ‘end-user development’, even if by others the activities described might qualify as EUP or EUSE.

End-user development as a subject of study
End-user development (EUD) has been studied for well over three decades now [38]. Early research focused on the particulars of the activity of programming, i.e. the cognitive specificities
and mental models related to this activity [9]. Later, the focus of EUD-related research has also
shifted towards the non-programming aspects of EUD. For example, Gantt and Nardi famously
identified the role of the ‘local developer’, in recognition of the organizational aspects of EUD
[20]. In their studies on CAD users, they found that such local developers tend to take a position
between end-users of software, and professional programmers. These local developers are domain experts, but nonetheless understand the technology to such an extent that they can provide
technical support to other end-users, and even perform local software development activities.
More recently, the scope of EUD research was widened even further to what has been called
‘meta-design’, “a vision in which design, learning, and development become part of everyday working practice”
[18]. The meta-design view on EUD is that there is a wide spectrum of roles that people can
take on the end-user vs. meta-designer spectrum. The end-user resides on one end of the spectrum, and is mainly concerned in using a technology as is. On the other end of the spectrum, the
meta-designer enables others to engage in EUD activities, by providing and maintaining suitable
technology. In between, people take roles such as ‘aware consumers’ (end-users being aware of
technological possibilities) and end-user developers (end-users actively involved in modifying,
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extending or creating software). A more detailed description on the evolution of EUD research
can be found in [5].
The application of EUD has been studied in many different domains, ranging from classrooms
(e.g., Scratch [36]), to office work (e.g., Forms/3 [10]), to healthcare (e.g., MAPS [11]). Similarly,
several theoretical frameworks describing aspects of EUD have been proposed, such as the
Cognitive Dimensions of Notations framework [8], the Attention Investment model [6], and the
Hive-Mind-Space model [63]. An extensive overview of the field can be found in [25].
Several research communities exist around EUP, EUD and EUSE. The Psychology of Programming Interest Group (PPIG) was established in 1987 and focuses on the psychological
aspects of programming. The European Network of Excellence on End-User Development
(EUD-NET) was established in 2002 and has a broader focus than PPIG, catering, besides the
psychological aspects, for all socio-technical aspects of EUD. A counterpart to EUD-NET in
the USA is the NSF-founded EUSES (End Users Shaping Effective Software) consortium. Since
2007, the bi-annually organized International Symposium on End User Development (IS-EUD)
is the premier scientific event for EUD related research.

1.3

End‑user development for physical rehabilitation

The first section of this chapter discussed the need for personalized and varied rehabilitation
exercises. Achieving exercise variability in technology-supported training is not trivial. Even in
regular therapy, exercise variability is bounded by the expertise of therapists and other contextual
constraints. Even more so, the range of exercises that can be created by a technology provider is
bounded and current technologies offer quite a limited number of exercises/games to support
training. A potential solution is for therapists themselves to be empowered to create exercises
in technology supported training systems. This has the advantage that a therapist can create
exercise content that fits the patient’s individual goals and ambitions, in line with the concepts
of client-centred therapy, i.e. training where a patient can practice exercises that support his/her
own training goals. Client-centred training increases patient motivation, patient self-efficacy, a
patient’s training adherence, and consequently the effectiveness of the training program [13,47].
Furthermore, a larger number of exercises can be made available depending on the creativity of
the individual therapist [24] and the time available to him or her, while sharing and exchanging
exercises among therapists can help patients benefit from diverse expertise and backgrounds.
Currently, the customization of rehabilitation technology is usually limited to parameter setting (e.g., speed of execution, movement range [1]). Furthermore, adjustments of rehabilitation
technology that facilitate personalized training programs are usually performed by the providers
of the technology, rather than by the therapists themselves. A more detailed discussion on the
application of EUD to rehabilitation technology can be found in chapter 2.

1.4

Tangible user interfaces for rehabilitation

Tangible and embedded interactive systems (TEIs) are characterized by the possibility for their
users to engage with these systems in a tangible manner. TEIs are gradually making the transition
from a topic of research, to a technology that can be put to use in a wide variety of application
areas including education, healthcare, and games. Two decades have elapsed since Fitzmaurice et
al. first explored the idea of graspable user interfaces [19]. Whereas then explorations required
sophisticated engineering effort to set up a demonstration or a simple system to test with users,
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technologies such as Phidgets [22], Arduino [3], Max MSP and .NET gadgeteer [58] have empowered a much larger and less technology-savvy population of students, designers, and amateur enthusiasts to create their own TEI technologies, to explore the ergonomic and aesthetic
aspects of TEI’s. Explorations of this kind are starting to reach the market with several commercial technologies now being available, such as the Sifteo cubes [39] and the TagTiles board [57],
that allow the development of TEI’s.
Ullmer et al. [56] have identified three dominant types of tangible user interfaces (TUIs):
•

interactive surfaces – surfaces that allow the manipulation of physical objects on a planar surface

•

constructive assembly – modular kits of interactive elements that can be combined and assembled

•

token+constraint systems consisting of physical constraints (rows, slots, etc.) that guide the use
of physical tokens and provide affordance by defining the available syntax.

The system that is used in this thesis is an interactive surface (see chapter 2).
Unlike traditional WIMP (Windows, Icons, Menus and Pointers) interfaces, TUIs allow for a
more natural interaction with interactive systems, bridging the gap between the physical and the
virtual world [46]. This makes TUIs a valuable technology for physical rehabilitation, since they
allow for the translation of natural patient movements into (performance) data, and conversely
since they allow for computer-controlled guidance of therapy exercises. The use of robotic interactive systems that guide patients in performing their exercises is a well-studied subject (e.g.,
[4,21,26,32]). To a lesser extent, the use of interactive surfaces in rehabilitation is also being
explored (e.g., [16,23,29]). This thesis explores the use of a tangible interactive surface that can
track manipulations of objects of daily life for physical rehabilitation of the upper extremities.

1.5

Research context

The research presented in this thesis was conducted as part of the WikiTherapist (sometimes
referred to as WikiTherapy) project that is supported by the Innovation-Oriented Research Programme ‘Integral Product Creation and Realization (IOP IPCR)’ of the Netherlands Ministry
of Economic Affairs. Besides Eindhoven University of Technology (TU/e), the other partners
within this project are Serious Toys BV, Philips, TiViPE, Adelante Zorggroep, Dr. Leo Kannerhuis, St. Maartenskliniek, De Rode Kikker and ARC Cambridge. Most research within the
Wikitherapist has been performed as a collaboration between TU/e and the industrial partners,
so that it concerns realistic contexts and the results are practically applicable.
The aim of the WikiTherapist project is to develop novel design processes for allowing health
researchers/practitioners and manufacturers of non‑conventional and very specialized interactive technologies to co-create technology supported therapy systems [37]. This aim has a technical aspect: the design of a platform that supports end-users in creating and sharing exercises for
rehabilitation training, and a methodological aspect concerning “the technical, ethical, legal organiza‑
tional and business requirements that will ensure a sustainable participatory network structure for creating and
disseminating technology supported therapy software” [37].
The WikiTherapist project consists of two sub-parts, each addressing a specific healthcare sector, and using a particular technological solution. One project part focuses on the use of robots
in Autism Spectrum Disorder (ASD) therapy. The other project part, that concerns the work in
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this thesis, is about using interactive tangible technology for rehabilitation training after stroke
and cervical spinal-cord injury (SCI).
The work in this thesis was performed in collaboration with Serious Toys BV, Adelante Zorggroep, and two more rehabilitation clinics who were not members of the WT consortium: MS
Revalidatiecentrum Overpelt (Belgium) and Jessaziekenhuis Herk de Stad (Belgium).
Any research within the context of physical rehabilitation eventually touches the lives of patients. The introduction of new treatment technology, such as the one presented in this thesis,
naturally means a change for patients who are under treatment within this context. A large
body of research therefore focusses on the patient specific aspects of developing and deploying
rehabilitation technology. While arguably the most important aspects here are the quality and
usefulness of the technology for the patient’s rehabilitation process, for this thesis I deliberately
made the choice not to focus on the patients, but rather on their therapists. This choice is based
on the perspective in which I was interested, namely that of non-information workers, such as
therapists, acting as end-user developers. Only in chapter 8 I specifically address a patient issue
(performance feedback), though even this work is rooted in a therapist perspective on the adoption of rehabilitation technology.

1.6

Research objectives

The aim of the research in this thesis is to study the applicability of end-user development
principles in the domain of physical rehabilitation. Specifically, the question this thesis tries to
answer is:
RQ1:

What is required for a successful deployment of an end-user extensible technology for
physical rehabilitation?

Although there is extensive work in both fields of technology-supported physical rehabilitation
and end-user development, their combination is novel. Therefore, before we can attempt to
answer the main research question that this thesis addresses, we need to carefully study of a
number of sub-questions. Specifically, this thesis addresses the following questions:
RQ2:

To what extent can therapists, in principle, act as end-user developers of rehabilitation
exercises?

RQ3:

What are the requirements for an end-user extensible physical rehabilitation technology
that supports therapists in acting as end-user developers of rehabilitation exercises?

RQ4:

To what extent do therapists act as end-user developers of rehabilitation exercises in a
real-world clinical setting?

RQ5:

Which EUD practices do therapists adopt when an EUD system is deployed in a clinical setting?

1.7

Research approach

Mackay and Fayard have developed a simple and elegant framework that describes how the
research and design models underlying HCI can be integrated [34]. Figure 1.1 is adapted from
their work, and gives an overview of the work that has been performed as part of my PhD. The
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Evalutions

Design

Theory
development

Formative
evaluation of
TEC 1.0
Design of
TagTrainer 2.0

EUD for Tangible
Interactive Systems

Deployment study 1

Design of
TagTrainer 2.1

Deployment study 2
Design of patient
feedback module

Deployment study 3

Deployment study 4

Guidelines for
stroke patient
feedback design

Literature survey on
research methods
in EUD

Evaluating EUD
deployments

Figure 1.1 Overview of the work performed as part of my PhD. The solid lines indicate
knowledge transfer, the dotted lines indicate design/product transfer.
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figure shows the activities that have been performed over time (e.g., theory formulation, artifact
design, empirical studies), and the relationship between these activities.
The research approach that was adopted for this thesis is one of research through design [64]. Research through design stresses that design artifacts, such as TagTrainer, in the case of this thesis,
can serve as both the output of a research effort, as well as input to a research effort. In the case
of this thesis, the iterative design, prototyping, implementation and evaluation of TagTrainer
(i.e., how knowledge / real knowledge in terms of [64]) has provided fuel for theory development (i.e.,
true knowledge in terms of [64]).
A variety of research methods were applied in this study in the design and evaluation of TagTrainer:
•

Chapter 2 describes a formative usability evaluation of TagTrainer. In this evaluation, a think
aloud method [60] was adopted, in order to receive detailed insights into the understanding
of TagTrainer by the participants. In think-aloud evaluations, the participants are tasked to
achieve a certain goal, and while interacting with the technology under evaluation, the participants vocalize their thoughts and intentions. This method is extremely useful in gathering
information about the high-level cognitive processes that participants go through while interfacing with a technology. For example, it can reveal why a participants chooses to interact
with a particular menu item to accomplish a goal.

•

In the first deployment study (chapter 5), an action research approach [2] was adopted. In action research, a method adopted from education research, researchers and practitioners collaborate intensively. Practitioners might engage in research related activities, and researchers
in activities with practical value. Action research aims both at generating knowledge through
evaluation, and at improving practice through interventions. In my deployment study, I was
not only interested in gaining knowledge on the deployment of an EUD system in a rehabilitation clinic, I was also aiming at providing the clinic with a tool for use in daily rehabilitation
therapy.

•

In the subsequent deployment studies (chapter 6), I adopted a case study approach. Since
I was interested in the consequences of a less closely monitored deployment with reduced
involvement by the researchers, I chose to not again apply action research.

•

Chapters 3 and 9 both present a structured literature survey that provides an objective review
of the EUD field, focusing on the research methods used and the deployment studies that
have been performed.

1.8

The structure of this thesis

Figure 1.2 provides a visual overview of the structure of this thesis, and the relation between the
chapters and the research questions defined in the previous paragraph. The thesis is divided into
three parts: design, deployment & evaluation, and reflection.

Design
The first section discusses the iterative, user-centered design process of TagTrainer, an end-user
extensible interactive technology for physical rehabilitation. Chapter 2 describes this process, the
resulting technology, and a probe into the tool-related feasibility of rehabilitation therapists as
end-user developers.
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Introduction to main topics, research methods
and thesis outline.

Chapter 1 - Introduction

SECTION 1: DESIGN
Chapter 2 – Design of TagTrainer

Describes the iterative, user-centered design
process of TagTrainer.
Addresses RQ2 & RQ3

SECTION 2: DEPLOYMENT & EVALUATION
Chapter 3 – A Survey on Research Methods in
End-User Development

Chapter 4 – Preamble to
Deployment Studies

Chapter 5 – First Deployment of TagTainer

Discusses research methods used in
end-user development research.
Adresses RQ1

Discusses the need for EUD deployment
studies and provides an overview of the
deployment studies in this thesis.
Describes the deployment of TagTrainer in a
clinical setting.
Adresses RQ4 & RQ5

Chapter 6 – Three Further Deployment Studies
of TagTainer

Describes three more deployment studies of
TagTrainer.
Adresses RQ4 & RQ5

SECTION 3: REFLECTION
Chapter 7 – End-User Development &
Tangible Interaction

Chapter 8 – Guidelines for the Design of
Stroke Patient Feedback in Rehabilitation
Technology

Chapter 9 – Evaluating End-User
Development Deployments

Chapter 10 - Conclusion

Figure 1.2 Overview of thesis structure.
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Discusses key issues in the application of
EUD in tangible interaction.
Adresses RQ3

Presents guidelines for the design of patient
feedback in TagTrainer.
Adresses RQ3

Discusses how deployments of end-user
development systems can be evaluated.
Adresses RQ1

Reviews contributions of this thesis.

Deployment and evaluation
Going beyond mere tool usability, as discussed in the first section, the second section describes
four deployment studies of TagTrainer in rehabilitation clinics, analyzing the acceptance and
adoption of TagTrainer as a tool for providing rehabilitation therapy, and as a tool for EUD.
In preparation for the deployment of TagTrainer in a clinical setting, I attempted to consult previous literature on EUD deployments. However, it appeared that there were very few reports on
such deployment studies, which raised the question what the preferred research methods are in
EUD research. Chapter 3 explores this question by presenting a systematic literature survey on
the research methodologies used in EUD. Indeed, amongst other findings, it appears that field
evaluations of EUD systems are relatively uncommon.
Chapter 4 follows up on these findings, and discusses the need for deployment studies and
introduces the nature of, and the methods used in the deployment studies that are presented in
the following chapters.
Chapter 5 describes the deployment of TagTrainer in the setting of a physical rehabilitation
clinic. In this three-week long study, four therapists were trained in the use of TagTrainer for use
in actual therapy. The chapter reports on the adoption of TagTrainer by the participants, and the
EUD activities they performed.
Chapter 6 describes, beyond the initial deployment study described in chapter 4, three more
deployment studies. The deployments took place in three different clinics, of which one had
also participated in the first study. These studies were set-up to closer investigate and triangulate
the findings of the first deployment study. They also served to investigate the long-term effects
of the deployment of TagTrainer, and the implications that less-guided deployments had on the
adoption of TagTrainer.

Reflection
In the last section of this thesis, I take a step back from the work presented in the first two
sections to reflect on the design and evaluation of TagTrainer. From there, I present the implications of this work on the fields of tangible interaction, stroke rehabilitation technology, and
end-user development.
First, chapter 7 reflects on the design of tangible interactive systems aimed at facilitating end-user development practices. Such systems are (yet) relatively uncommon, but there is a great potential in applying end-user development to tangible interactive systems. In this chapter, based
on my experiences with the design of TagTrainer and interactive outdoor games, I present five
key challenges that need to be considered in the design of such systems.
Then, chapter 8 discusses the importance of patient feedback for technology supported stroke
treatment. It presents a case study on the design of a feedback module for TagTrainer, and from
there lists a number of guidelines that future designers of such feedback systems can use to
inform their designs.
Fueled by the findings of the studies in chapter 5 & 6, chapter 9 discusses the evaluation of
EUD deployments. In this chapter, I question the purpose and nature of such evaluations, and I
present my view on what future evaluations of EUD environments should look like.
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Finally, in chapter 10 I revisit and reflect upon my research questions. From there, I sketch a
perspective for future research in the fields of technology supported physical rehabilitation, and
end-user development.

1.9

The contributions of this thesis

This PhD research has resulted in a number of contributions that are scientific and practical in
nature:
A practical contribution of this thesis is the design, implementation and deployment of TagTrainer, an end-user extensible tangible and interactive platform for physical rehabilitation (see
chapters 2, 5 and 6).
The major scientific contributions from this thesis are:
•

The first study into the application of EUD in rehabilitation technology (chapters 5 & 6).

•

Better insight into the requirements for a successful deployment of end-user extensible technology in the domain of physical rehabilitation (chapters 5, 6 and 9).

•

The first systematic overview of the research methods used in the field of EUD (chapter 3).

•

The first systematic overview of EUD deployment studies (chapter 9).

•

An overview of the challenges that arise when incorporating end-user development principles in the design of tangible interactive technology (chapter 7).

•

A set of guidelines for the design of patient feedback for stroke rehabilitation technology
(chapter 8).

•

An analysis of, and guidelines for the evaluation of EUD system deployments (chapter 9).
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Part 1
Design

2. The design of an end‑user
extensible rehabilitation
technology
2.1

Introduction to this chapter

The technology that has been used throughout this PhD research is based on the Philips Stroke
Rehabilitation Exerciser (PSRE) system, developed earlier by Philips Research [16]. The PSRE was
developed as a probe for the use of interactive technology in rehabilitation healthcare, specifically for arm-hand training. The system featured an interactive surface supporting tangible interaction, called TagTile. Everyday objects, for this system, could be equipped with Radio Frequency
Identification tags (RFID) and used in therapy exercises that were performed with the PSRE. As
part of an exercise, patients could manipulate these objects on the TagTile surface and get visual
and auditory feedback. An evaluation of the PSRE has shown that its use can result in significant
improvement of arm-hand performance and physical health [16].
The successful evaluation of the PSRE has prompted the further development of the technology by the WikiTherapist consortium. This chapter describes the technology that was developed
from the PSRE – now called TagTrainer. Furthermore, it describes the design of the Tag Exercise
Creator, a visual programming tool that supports the creation of therapy exercises for use on
TagTile boards [9]. Finally, it describes the evaluation of this tool, and its transformation into a
software environment fit for deployment in rehabilitation clinics.

2.2

Rehabilitation technology & end-user development

Technology-assisted physical rehabilitation exists in many forms, and the benefits of using technology in the setting of physical rehabilitation are manifold: improved motivation, accurate performance tracking, increased training efficiency, etc. [16]. As a result, a great variety of technologies are used in this field, spanning the range from commercially available activity trackers to
highly specialized, dedicated training technology [19].
The focus of this thesis is on technologies for upper extremity rehabilitation, and more specifically, those technologies that offer a degree of end‑user adaptability. For the specific domain of
upper extremity rehabilitation the need to address individual patients’ needs through customisation and adaptation of rehabilitation technology is well understood, see [17]. It is reasonable
to assume, however, that such benefits exist for other areas of rehabilitation as well. Therefore,
This chapter is based on:
[1] Hochstenbach-Waelen, A., Timmermans, A., Seelen, H., Tetteroo, D., and Markopoulos, P. Tag-exercise creator: towards end-user development for tangible interaction in rehabilitation training. Proc. EICS 2012, ACM (2012), 293–298.
[2] Tetteroo, D., Markopoulos, P., Timmermans, A., and Seelen, H. Rehabilitation Therapists as Software Creators?
Introducing End User Development in a Healthcare Setting. Int J of Sociotechnology and Knowledge Development 6, 1 (2014),
36–50.
My contribution to paper 1 is in the planning, execution and analysis of the evaluation, writing parts of the paper, and
presenting the paper at the conference. My contribution to paper 2 is in the conception, design, implementation and
evaluation of TagTrainer, as well as in the writing of the paper.
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TagTrainer 1.0

Usability evaluation

TagTrainer 2.0

Case study 1
(see chapter 4)

TagTrainer 2.1

Figure 2.1 Evolution of TagTrainer. The evaluation performed between TagTrainer 2.0 and
TagTrainer 2.1 is presented in chapters 4 and 5.
the case of TagTrainer can serve as a paradigm for considering the use of EUD in rehabilitation
more generally.
Multiple implementations of tangible rehabilitation technology have been reported on, mostly
involving the use of (multi-touch) tabletops e.g., see [2,10,12]. However, none of these technologies offer an end-user extensible solution that allows therapists to engage in the modification
of existing, and creation of new content for such system.
While customization and adaptation of exercise parameters are quite common, there is as yet
no example of a system that will support patient specific training content. Where customization
has been claimed, e.g. [1], this referred to calibrating the range of movement of a patient rather
than the exercise purpose and content, and the calibration was done by system developers of the
system rather than the therapists. Therefore, in this chapter we present a novel technology for
upper extremity rehabilitation that allows full customization by its end-users: TagTrainer.
Since TagTrainer was developed in an iterative process and its functionality changed significantly
over the course of this process, this chapter describes three different versions of TagTrainer.
This process is visualized in Figure 2.1.

2.3

TagTrainer 1.0

This section describes the first instance of the TagTrainer platform. TagTrainer is a tangible,
interactive training platform for arm-hand rehabilitation therapy. It allows therapists to run exercises that offer visual and audio feedback, while monitoring a patient’s task performance. It
is aimed at Technology supported Task-Oriented Arm Training (T-TOAT) that focuses on relearning Activities of Daily Life (ADL) [15]. T-TOAT is a method of task-oriented arm training
that supports motor skill relearning. The method is based on the analysis of skills in kinematic
components that keep a strong relationship with the skill itself. Task-oriented training supports
training of ADL in their actual complexity, rather than the isolated training of different movement ranges or muscle groups as is common with most existing rehabilitation technologies.
Thus, TagTrainer exercises involve the manipulation of everyday physical objects such as cups
and cutlery to carry out typical ADL activities. TagTrainer consists of three parts:
1. One or more TagTile boards: interactive boards that can give visual and audio feedback,
and are able to detect RFID-tagged objects (see Figure 2.2). The board provides feedback
through full-color LEDs in each square, as well as the possibility to playback audio.
2. An extensible and customizable collection of objects with RFID-tags attached to them.
3. Software that allows therapists to run therapy exercises on the TagTile board(s), and to extend, modify and create therapy exercises for TagTrainer.
An example exercise that could be performed with TagTrainer is one where the patient trains
wrist rotation in order to be able to drink from a cup. In this case, a therapist would attach a
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Figure 2.2 A TagTile board with a cup on it.
RFID-tag to the bottom, left and right side of a cup. The exercise could then be as follows (see
Figure 2.3):
1. An area lights up at the center of the board, indicating to the patient that the cup needs to
be placed here.
2. The patient places the cup on the lit up area. TagTrainer confirms the correct placement of
the cup by flashing the area in green.
3. Another area lights up in blue, indicating to the patient that the cup needs to be turned on its
right side in order to touch the lit-up area.
4. The patient rotates the cup towards the right, until the right side of the cup touches the
board. Again, TagTrainer confirms the correct move by flashing the area in green.
5. Finally, yet another target area lights up, requesting the patient to touch the board with the
left side of the cup.
6. The patient rotates the cup and touches the board with the left side of the cup. The area
lights up green to confirm another correct action, and the exercise repeats itself.

TagTile board
The TagTile board consists of a grid (24 x 24 cm) of 12 by 12 squares (see Figure 2.2). Each
square can detect the identity and position of RFID-tagged objects. Also, the board provides
feedback through full-color LEDs in each square, as well as the possibility to playback audio.
The TagTile board has been commercially developed on the basis of the former Philips Stroke
Rehabilitation Exerciser (PSRE) by Serious Toys BV. A pre‑production version of the board
has been used earlier to create training solutions for patients with stroke [16] and children with
cerebral palsy [5,11]. Furthermore, the board has been marketed commercially for educational
use in primary schools.
The TagTile board can be programmed by writing scripts in the proprietary ESPranto language
[7]. For TagTrainer, the board is connected to a PC or laptop running TagTrainer software. This
software controls the upload of ESPranto programs to the TagTile board.
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Figure 2.3 An example TagTrainer exercise with a cup (black) and three attached RFID tags
(red, yellow and blue): 1) A target lights up on the TagTile board, 2) a cup is placed on the target, 3) another target lights up, 4) the cup is rotated towards the second target, 5) a final target
appears, 6) the cup is rotated the other way to touch the final target. Note that the target colors
correspond with the colors of the tags attached to the cup.

Tangible objects
The main distinguishing feature of TagTrainer compared to other rehabilitation technologies
is that it enables the use of everyday objects in training [19]. A collection of such objects are
provided with TagTrainer and can be extended by the therapist using objects relevant to patients’
training needs or even objects that belong to patients. Objects or specific object parts need only
to be equipped with one or more tags. A tag helps detect when an object or a specific part of
an object (e.g., its top or bottom face) is placed on a specific location on the board. Initially, tags
were identified by a unique identifier code, which made programming them cumbersome [9]. In
the final TagTrainer version, tags consist of a piece of colored foam and a piece of Velcro-tape,
with the RFID‑coil glued in between. In creating the exercises, tags are referred to by their color,
which provides an abstraction layer that hides RFID-tag management from users. The default
tag-library contains ten different colors, but can be extended when necessary. With the tag-library, creators of TagTrainer exercises only have to assign tag colors to objects or object parts
that should be detected by the board.

Software
The TagTile board acts as the primary IO-device for patients exercising with TagTrainer. However, the software that runs on the computer connected to the TagTile allows therapists to interact
with TagTrainer. For example, it allows the composition of exercise programs (scheduled sets of
exercises for particular patients), as well as the extension, modification or creation of individual
therapy exercises. The following sections discuss in detail the development of the TagTrainer
software – from an initial prototype suitable for probing the concept of therapists as creators of
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therapy content, to the final software that was used in the deployment studies that are described
in further chapters.

2.4

Design of the Tag Exercise Creator

Although the evaluation of the PSRE has shown the feasibility and usefulness of using interactive technologies in an arm-hand training regime, it also revealed that the exercise challenge
decreased over time – more exercises were required to keep the participants challenged over a
prolonged period of time [16]. Although the PSRE allowed for the extension of the existing
set of exercises through programming, the feasibility of having these exercises programmed by
rehabilitation therapists was considered to be very low
Therefore, Adelante set out to develop a new software tool that would allow therapists to create
new exercises for physical rehabilitation technology (such as the PSRE): the Tag Exercise Creator (TEC) - a visual programming tool that supports the creation of therapy exercises for use
on TagTile boards [9].
The TEC is a visual programming tool for therapy exercises on the TagTile board. The tool was
developed to probe the feasibility of therapists as creators of exercise content.

Design process
Seven physiotherapists and occupational therapists working in rehabilitation at the Adelante
Rehabilitation Centre (Hoensbroek, NL) were interviewed to obtain insight into criteria that
technology should meet to be useful and usable in assisting arm-hand skills training in stroke
patients [8]. In addition, information was obtained from previous research in the field of technology-assisted arm-hand therapy performed at Adelante [15,16,17]. Based on these sources,
an initial set of exercises for arm-hand training were created on the TagTile board. These exercises were used to demonstrate to therapists the potential of the board and to solicit feedback
regarding adaptations and modifications they would like to have, or would likely need in order
to use it in their practice. It was thought that this would help derive requirements for the TEC.
Five therapists and two rehabilitation researchers provided input for the design of the TEC in
repeated sessions over a period of 6 months. During this period, the capabilities of the system
were gradually extended and its graphical interface adjusted. The various steps of this process
are discussed in more detail below.

Initial exercise design
To familiarize with the nature of the training software that TEC should help create, and to
expose therapists to it, we developed and implemented an initial set of exercises on the board.
We used the T-TOAT (Technology-supported Task Oriented Arm Training) method [15,16] to
define eleven sub-tasks relating to the daily life activities ‘eating with knife and fork’ and ‘drinking from a cup’, e.g., grasping, picking up, reaching out, placing an object on the board. These
subtasks were programmed on the board by providing auditory and visual stimuli to the patient.
The software was implemented using the ESPranto language [7].
The exercises consisted of a basic pattern of four steps (see Figure 2.4):
1. A blue shape lights up on the board.
2. A tagged object is placed on the blue shape.
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Figure 2.4 Basic pattern of a TagTrainer exercise: 1) A blue shape lights up on the board, 2) a
tagged object is placed on the blue shape, 3) the blue shape turns into a green shape after which
the green shape fades away, 4) the object is removed from its position after which the next blue
shape appears.
3. The blue shape turns into a green shape after which the green shape fades away.
4. The object is removed from its position after which the next blue shape appears.
To keep visual feedback and instructions simple and uniform for stroke patients, blue was chosen as the default colour to represent a location on which tagged objects need to be placed, while
green was chosen to confirm that an object is placed correctly.

Therapist requirements
The initial exercises were demonstrated to two experienced rehabilitation researchers and to
five therapists working in stroke rehabilitation. After the demonstrations the therapists and researchers were interviewed on the usefulness of the exercises in training of stroke patients, on
the usefulness of the system’s features (e.g. auditory instructions and feedback, visual feedback,
tagging objects, selection of detection shape size) and on desired adjustable options. Participants
indicated that they were content with:
•

The visual and auditory feedback for individual subtasks and progress feedback for the number of exercises performed.

•

The possibility to tag and make use of real life objects in the exercises.

•

The simple and uniform use of colours as visual feedback/instructions.

In addition they stated that they need to be able to:
•

Adjust exercises, auditory feedback and instructions to individual patients.

•

Adjust the number of repetitions, duration (e.g. to determine the interval between picking up
and putting down objects) and accuracy of object placement within an exercise.

•

Create one‑handed as well as bimanual tasks.

•

Prevent patients from simply sliding an object when they need to pick it up and displace it.

•

Make use of more TagTiles to enlarge the movement range.
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Workflow concept
It was envisioned that therapists would use the TEC to set up an exercise program (of several exercises) tailored to the needs of an individual patient. If an already programmed exercise for one
patient is not suitable for another patient (e.g. because it requires a high level of accuracy), the
therapist can decide to adjust the already existing exercise to the specific needs of the latter patient.
Therapists may also decide to develop completely new exercises, e.g. to match their own therapy approach or the latest developments in their field.
The TEC accommodates these three tasks in that it provides three options upon the start of
the program:
1. Creating a new exercise.
2. Adjusting an existing exercise.
3. Creating a complete exercise programme for a patient.
The latter option makes it possible to select several exercises from the exercise database and start
a training programme for an individual patient.

Creating and modifying exercises
Figure 2.5 shows an overview of the TEC interface that allows the creation and modification of
exercises. This section discusses in detail the design of this part of the application.
Exercise set-up
As described before, the board can contribute to picking up, displacing, sliding and/or putting
down everyday life objects during task training by tracking the tagged objects. Therapists should
be able to set the sequence of target locations (as blue planes lighting up on the board), thereby
facilitating the displacements. The basic pattern of four steps described above has been abstracted into ready-made building blocks. The following building blocks can be dragged into, and
deleted from, the exercise structure to compose an exercise:
1. Sequential block – the added block appears in sequence over time after the previous block(s).
2. Parallel block – two or more parallel planes will light up at the same time, which is necessary
for exercises in which two or more objects should be placed at the same time (e.g. picking
up and putting down knife and fork). This block gives therapists the opportunity to program
bimanual tasks.
3. Sequence of blocks – this block provides an abstraction mechanism for repeating a sequence of
blocks (i.e. a specific order of appearance of consecutive planes). A number of repetitions
can be set for a sequence in order that therapists do not need to repeatedly add identical
sequences.
4. Waiting time – this building block can be used to postpone the lighting up of the next plane(s),
which is necessary in e.g. strength training (e.g. holding objects in the air for a longer period
of time). In addition it often is necessary to add a rest period for the patient to avoid fatigue.
Block settings
The building blocks can be used to create new exercises, but also to adjust existing exercises to
individual patients’ needs. Each block contains several settings that can be adjusted: the type of
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Figure 2.5 The exercise modification interface of the Tag Exercise Creator. The top-left part
of the interface displays exercise settings, the bottom-left part shows the exercise structure and
the library of available ‘blocks’. The right part of the interface shows a model of the TagTile
board, on which target areas can be marked.
object to be placed on the blue plane, if and which auditory instruction should be provided, if
feedback should be given or not, and how many times the block should be repeated. In addition,
for each block a target plane can be selected on the schematic representation of the TagTile
board by clicking the individual squares. This offers the opportunity to select bigger or smaller
planes to determine the accuracy of object placements, since smaller planes require a higher
degree of accuracy from the patient.
Exercise settings
The ‘exercise settings’ offer the opportunity to select, among others, the number of repetitions
of the complete exercise and whether sliding an object across the board is allowed or not. In
addition, an exercise can be tested (virtually, on screen), started (physically, on the board) and
saved as general or patient-tailored exercise.

2.5

Evaluation of the TEC

At the end of the design process, the TEC was evaluated in a summative evaluation process
involving final year physiotherapy students. A small-scale (N=7) user study was performed to
assess whether the tool (i.e. the TEC) is usable enough to be deployed in a larger scale field
study. All participants had little or no programming experience and had at least a basic level of
domain-specific knowledge on rehabilitation therapy for stroke patients.

The design of an end‑user extensible rehabilitation technology

33

7
6
5
4
3

Consistency

Abstraction

Visibility

Secondary…

Closeness of…

Error-proneness

Progressive…

Diffuseness

Hidden…

Role-…

Premature…

Viscosity

1

Hard mental…

2

Figure 2.6 Questionnaire scores for Cognitive Dimensions.

Method
Participants received a brief explanation about the purpose and the role of the TEC within
rehabilitation therapy. Afterwards, participants were given 5 minutes to familiarize themselves
with the tool. As participants could not be expected to map directly general exercises for armhand training to tasks that could be done on the board, they were shown a video of a stroke
patient executing one out of the initial set of exercises. Finally, the participants were given 3
time-constrained tasks expected to be typical in future use by therapists, i.e.: 1) modification of
an existing exercise, 2) creation of a new exercise, and 3) compilation of a training program for
an individual patient.
Participants were asked to report their thoughts and experiences while performing the tasks (i.e.
think-aloud protocol was applied). Finally they were presented a questionnaire with 34 statements about using the TEC, based on the Cognitive Dimensions (CD) framework [6] and the
Technology Acceptance Model (TAM) [18]. Participants were asked to indicate their agreement
with each statement on a 7-point Likert‑scale. The TAM is a widely accepted standard model
for the evaluation of technology acceptance. It provides a good indication of a participant’s
intention to use the evaluated technology, and hence provides us information as to whether participants would consider using the TEC at all. The CD framework is a more specific tool, that
evaluates a number dimensions in the usability of an information artifact. We chose to include
this measure, since it provides pointers as to what aspects of the TEC could be improved.

Results
Questionnaire results
All users were able to complete the tasks given to them, albeit with varying levels of success.
In terms of TAM-constructs, users rated the TEC overall moderately easy to use (Med.=5,
IQR=1.5) for the modification and construction of rehabilitation exercises. Still, a number of
usability issues were detected that greatly hindered the performance of some users (see next
paragraph).

34

Figure 2.7 Two inputs with the same label are visible in one instance. Only the properties-group labels (Exercise settings and Block settings) indicate their scope.
Results from the cognitive dimensions questionnaire show that although participants found it
easy to modify exercises, the TEC did not always prevent users from making errors (Med.=4,
IQR=2.75, see Figure 2.6), mainly because the effects of certain operations are not always directly visible. One user action that was frequently observed, was drawing multiple planes in a
single exercise block. Only when a participant wanted to test or execute the exercise, it became
clear that this behavior was not supported by the TEC.
It is also interesting to note that, although currently the possibilities to re-use parts of exercises
are very limited, participants rated the tool to feature a fairly high level of abstraction (Med.=5,
IQR=3, see Figure 2.6). While the concept of ‘blocks’ provides an abstraction layer by integrating several steps of an exercise (lighting-up target plane, waiting for object placement, showing
confirmation), the tool contains no abstraction that enables, for example, group wise operations
on blocks themselves.
Finally, another interesting result is that participants gave a low rating for the tool’s viscosity dimension, i.e. the effort required to make modifications with changes in one part of the program
propagating to the rest (Med.=2, IQR=0.75, see Figure 2.6). An important goal of the tool is to
enable therapists to quickly make changes in existing exercises in order to adapt them to individual patients. The low rating for viscosity is promising in this aspect, because it implies that the
tool provides a quick way for tailoring training content.
Think aloud results
Distinction between parallel and sequential blocks: Three users remarked that the distinction between parallel and sequential blocks was pretty meaningless to them. Besides the terminology not being appropriate for the targeted user group (i.e. rehabilitation therapists), the users
did not understand why the distinction was necessary. Users expressed themselves in terms of
actions and manipulations performed with objects, rather than abstract programming constructs.
Scope of properties & operations: There was a general sense of confusion amongst users
about the scope of properties (e.g., number of repetitions, object type). One reason for this is
that some of the properties (like object type, see Figure 2.7) occurred multiple times within a
single screen. This resulted in failure, because properties erroneously got (not) applied to blocks.
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Figure 2.8 The four blocks do not have an affordance that indicates they could, or should be
dragged into the exercise-structure tree.
Series: In the TEC, series are a separate type of block in which other blocks can be dragged. The
blocks within the series can be repeated any given number of times. In this design, a series-block
is essentially just a container for other blocks, not a real block itself. This led to confusion with
users:
1. Users tried to manipulate the TagTile area of a series-block.
2. Users expected the series-block to support group-operations. That is, if a property of the
series-block would be changed; all blocks within that series would assume the same value for
that property (e.g., type of object).
To add to the confusion, individual blocks, as well as the complete exercise, could also be assigned a number of repetitions. Thus, the tool offered a triple-redundant, but confusing way of
allowing users to repeat (parts of) an exercise.
Adding blocks to an exercise: Users frequently experienced problems when trying to add new
blocks to an exercise:
1. It was unclear that blocks needed to be dragged into the ‘tree’ that showed the structure of
the exercise (see Figure 2.5 and Figure 2.8).
2. It was unclear how blocks could be added to a series.
3. It was unclear how blocks could be added to start- and end-blocks. Especially the automatic
conversion of sequential blocks to parallel blocks when dragging a block onto (as opposed
to behind) a start-block, caused a lot of confusion.
Consistency of interface: The program’s interface showed signs of non-consistent behavior.
The two cases of inconsistency that led to most complaints from users are:
1. The properties and selected area on the TagTiles board did not always match the currently
selected block. They were not adjusted when no block at all was selected (which happened
upon insertion of a new block, or the creation of a new exercise).
2. Testing an exercise showed its blocks in their sequence, but failed to show the wait-blocks
and repetitions. This inconsistency confused users, as they started wondering whether they
had correctly set-up these blocks.
Terminology used: In a number of cases, the terminology used within the application was
confusing to the users. Main terminology issues were found in case of:
1. “Vlakken”: is used in two different, but related contexts within the program. For once, the
word “vlak” is used to describe the conceptually smallest step within an exercise. In the other
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case, the word is used to describe the physical space on the TagTile board on which an object
is expected to be placed.
2. “Detectievlak”: mentioned in the error-box that is displayed when a user has a wrong number of detection-areas within a block. Two users remarked they had no clue what the error
meant, because the word “detectievlak” meant nothing to them.
Undo / Cancel: One user pressed ‘test exercise’ and soon discovered that something was
wrong. He wanted to cancel the ‘playback’ of the exercise, but was forced to watch it through
to the end. Another user accidentally drew something on the TagTiles surface and wanted to
restore it to its original state. However, no undo option was available.
Therapist interface vs. patient interface: The TEC was supposed to be used both for the
creation and modification of exercises and exercise programs, and for the execution of exercise
programs by patients. The participants remarked that it would be better if these two functions
would be split over two separate interfaces: one for therapists and one for patients.

2.6

TagTrainer 2.0

The results of the study presented in the previous section were analyzed and discussed with
a researcher from Adelante. The issues found during this evaluation were compared to, and
combined with a list of issues that had already been collected by Adelante during earlier pilot
tests. Afterwards, the issues on the list were ranked according to their impact on the users’ work
process. It was concluded that the general concept of therapists as creators of therapy exercises
seemed feasible. However, a redesign and extension of the TagTrainer software was deemed
necessary, before it would be suitable for use in actual rehabilitation therapy. This section describes in detail the result of this redesign (see [14]). The TagTrainer software, as presented in
this section, is the software that has been used in the first study (see next chapter) that is part
of this PhD.
One important change that resulted from the redesign, is the split between a server application,
controlling the communication with TagTile boards; a therapist interface, used for extending,
modifying and creating exercises; and a patient interface used for composing and executing exercise programs, as well as providing patient feedback. The patient interface is called TagTrainer
Patient Interface (TTPI), the new therapist interface is called TagTrainer Exercise Creator (TEC
2). An overview of the full TagTrainer environment is visible in Figure 2.9.

TagTrainer Server
The TagTrainer Server is the central component in the TagTrainer system architecture. The
server handles the communication with connected TagTiles, manages the exercise database, and
handles communication with the interface applications.
The choice to split-off these parts from the original TEC was fueled both by semantic reasons
(it prevented double code) and because it opened the possibility for therapists to create exercises
and exercise programs independent of the system connected to the TagTile boards. Further,
where initially exercises were stored in a single XML file, in the new TagTrainer system the exercises are stored in a database (meta-data such as name, description, category, etc.) and individual
XML files per exercise (containing the actual content of the exercise).
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Figure 2.9 System diagram of TagTrainer 2.0

TagTrainer Patient Interface
The TagTrainer Patient Interface (TTPI, see Figure 2.10) serves a dual purpose:
1. It allows therapists to manage patient-tailored exercise programs, which consist of a series of
individual exercises.
2. It allows patients to start a personal exercise program and perform the exercises contained
in that program.
When the TTPI is started, a therapist can compose an exercise program by selecting exercises
from the TagTrainer database. Once the exercise program has been composed, the therapist can
start the training. During the training, the patient is informed about the details of the exercise
(s)he is currently performing. The TTPI shows the patient instructions for performing the exercise, as well as a list of objects required for the exercise. Finally the TTPI provides progress
information to the patient.
The therapist might proceed to another exercise at any moment, or even cancel the execution of
the exercise program entirely.

TagTrainer Exercise Creator
The TagTrainer Exercise Creator (TEC 2, see Figure 2.11) allows therapists to modify existing
exercises, as well as create new exercises for the TagTrainer platform. Exercises that are created
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Figure 2.10 TagTrainer Patient Interface overview. The upper-left corner shows the content of
the exercise program, and a button to add new exercises to the program. The right part of the
screen gives information about the exercise that is currently played back: instructions, objects
required for the exercise, as well as the completion status of the exercise.
with TEC 2 are converted to ESPranto byte code, so that they can be executed on the TagTile
board.
Rationale
TEC 2 was created in a participatory design process involving therapists and clinical researchers
experienced in stroke rehabilitation. While the earlier TEC (see section 2.4) was developed to
support the creation of arm-hand training exercises on the TagTile board by non-programmers,
an extensive usability evaluation of that tool showed that, although end-users were able to modify and create exercises, they were often confused by the workflow offered and the terminology
used [9]. While the original TEC did not require writing program code as such, the mental model
underlying the tool reflected the underlying programming constructs, even requiring therapists
to think about parallelism and other programming constructs. As therapists describe a therapy
exercise in terms of physical objects on which manipulations are performed by the patient, the
TEC was revised into the TEC 2 to support operations that match this mental model.
Programming paradigm
In line with the first version of TEC, TEC 2 was built around the visual programming paradigm
[4,13] . Previous research has shown that visual programming environments provide benefits
over textual programming environments in the case of end‑user programming [3]. While textual
programming paradigms usually provide a greater range of expression, they also tend to have a
steeper learning curve. Given the nature of the domain and the intended users of TEC 2, and
through discussion with rehabilitation therapists and researchers, it was concluded that a tool
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Figure 2.11 The TagTrainer Exercise Creator (TEC 2) software. The center area (A) shows the
workspace with the exercise, featuring a timeline with actions associated with the objects (‘measuring cup’ and ‘cup’) involved in the exercise. Properties of the selected action (in this case ‘lift
object’) such as position on the board are displayed to the right (B). Finally, additional actions
can be dragged from the library (C) into the workspace to extend an exercise. Note that next to
actions involving manipulations on the board, other actions such as giving instructions (D) and
pausing (E) can be used.
designed for the creation and modification of therapy exercises would especially benefit from
offering a low threshold, and thus a visual programming paradigm would be a suitable choice.
Exercise model
The exercise model used in the TEC 2 is centered on physical objects, as for example the cup
in Figure 2.2. TEC exercises are built around one or more objects whereupon which a patient
needs to perform actions of spatial movement such as (de)placement and rotation. The therapist
creates a simple model of the exercise using the TEC 2, as a sequence of movements between
target areas on the board and repetitions thereof. In principle, any number of objects can be
used within an exercise and an unlimited amount of actions can be added to each of the objects.
In addition to the object‑related actions, general actions such as instructions, pauses and sound
can be added to an exercise (see Figure 2.11-D & E).
TEC 2 aims to present a low threshold for new users while still accommodating for the creation
of relevant and engaging training content. The initial aim of TEC 2 was to provide therapists
with a tool to create exercises similar in nature and complexity to ‘traditional’ therapy exercises.
The relatively low level of complexity did not necessitate a great expressive power. Thus, complex control structures are not supported and only sequential, stepwise execution of actions is
possible. For example, actions scheduled to occur in step 2 of an exercise can only happen after
the first step has been completed. However, (parts of) an exercise can be repeated to increase
training intensity.
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Figure 2.12 Two examples of how TEC might be used to modify an exercise. In subfigure 1,
the place-object and pickup-object actions are replaced by a move-object action. In subfigure 2
the size of a target area on the TagTile board is enlarged.
Throughout TEC 2 and its exercise model, the terminology used relates to terminology familiar
to rehabilitation therapists. For example, actions are no longer related to underlying technical
concepts (e.g., detection), but instead relate to meaningful terminology (e.g., object placement).
Error prevention and recovery
To reduce the error-proneness of TEC 2, users are aided by an automated validation tool that
notifies them about errors or inconsistencies in their creations. The user can inspect the notification and attempt to resolve the error by taking the action(s) that TEC 2 suggests.
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Errors by patients in the execution of an exercise (e.g. using an incorrect object) are handled
automatically through default routines (such as repeating the instructions for the current step)
and need not to be addressed by the creator of an exercise.
Figure 2.12 shows how the TEC 2 can be used to adjust exercises to the needs of individual
patients. Suppose the exercise is to move a wallet from one place on the board to another. Figure
2.12‑1 shows how the exercise can be adjusted for patients with lesser arm‑hand function. From
requiring a patient to lift the wallet from the TagTile board (step 3), move it and put it down
(step 4), the exercise is adjusted to allow the wallet to be pushed towards the target destination
Figure 2.12‑2 shows how the exercise can be made easier by enlarging the size of a target area
on the TagTile board.

2.7

TagTrainer 2.1

During the execution of the first deployment study of TagTrainer (see next chapter), a great
number of changes to TagTrainer were proposed by the participating therapists. Most of these
requests concerned relatively small improvements of very specific parts of TagTrainer, and were
implemented in software updates during the first study. However, a number of major changes
were proposed as well. In collaboration with the participants of the first study, after the first
study these changes were ranked on their potential for improvement. Consecutively, the most
highly ranked changes were implemented before future deployments were performed.
This section describes in short the major changes that were implemented after the first study.
The software described in this section is the software that has been used in all further deployment studies after the first study.

TagTrainer Patient Interface
The TagTrainer Patient Interface underwent a major overhaul after the first study. Thus far, development efforts had mainly concentrated on the TEC, and the TTPI consisted of a bare-minimums program offering only basic functionality allowing the playback of exercises on a TagTile
board. Therapists in the first deployment study remarked that they required a number of changes to the TTPI for it to become truly usable in their daily practice. The following paragraphs
describe in detail the most important changes to the TTPI.
With the overhaul of the TTPI, two separate modes were introduced for the TTPI:
1. The therapist mode allows therapists to create a patient profile, and to create customized
exercise programs for individual patients. These exercise programs can either be stored for
later use, or executed directly.
2. The patient mode allows patients to perform TagTrainer exercises. In this mode, TTPI
loads the latest exercise program that has been created for a patient, and guides the patient
through the program.
Therapist mode
In therapist mode, once the therapist has chosen a patient to construct an exercise program for,
the therapist is presented with the option to search, browse, review and select exercises that are
available from the exercise database (see Figure 2.13). Several search strategies are supported for
finding exercises: browsing, querying and filtering. In addition to browsing the complete exercise
catalog, a therapist can also search through the patient’s exercise history. This allows a therapist,
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Figure 2.13 Exercise composition screen in the TTPI. The library of exercises is visible topleft, below the library are filtering options. The panel to the right gives an overview of the
currently composed exercise program. The bottom panel, finally, shows details of the selected
exercise, such as name, description, objects used and TagTile usage.
for example, to quickly review the exercises that the patient has previously been training with and
consecutively decide what exercises could be appropriate for further training.
The details of a selected exercise are shown at the bottom of the screen, and provide information about the goal of the exercise, as well as the objects it uses and the areas of the TagTile
boards that the patient has to work on. The latter is especially important for patients with limited
motoric abilities, since they might not be able to reach the far-end of a TagTile.
To support independent use of TagTrainer by a patient, the TTPI offers therapists the option to
specify either the number of times an exercise should be performed by the patient, or a duration
during which the exercise should be performed. The latter option is especially useful in case the
therapist is unsure about the capabilities of a patient; using a time limit rather than an absolute
number of repetitions helps to avoid putting too high demands on a patient.
Once an exercise program has been composed, the user may start the program directly, or save
it for later use. This option allows therapists to prepare a training session, and avoids having to
use the patient’s treatment time to create an exercise program.
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Patient mode
When the patient mode is selected, the user can select the patient that wants to train with TagTrainer. Once the patient has been selected, the interface lists the latest exercise program for that
particular patient. The user can now start the exercise program, after which the first exercise will
be loaded onto the TagTile board. During exercise execution, the TTPI displays instructions and
progress feedback. Finally, once an exercise has been completed, the next exercise is loaded, or
– in case there are no further exercises - the TTPI returns to the start screen.

TagTrainer Exercise Creator
Compared to the changes made to the TTPI, the changes performed to the TEC after the first
study were relatively small. Still a number of changes are noteworthy:
Therapist accounts
In the first version of TEC, therapist already had the option to enter their name in the properties
of an exercise. This feature was deemed important to provide therapist with a way to receive
recognition for the work they put in exercise creation.
In practice however, when changing an existing exercise, therapists often forgot to change the
creator’s name to their own. Therefore, the TEC was altered to require therapists to ‘login’ before they would be able to edit exercises. The login was kept simple: therapists just have to select
their name from a list.
Import/export of exercises
During the first study, two TagTrainer systems were deployed in a clinic. Since the both systems
did not share a single database, exercises that were created on one system would not be visible on
the other. Therefore, an import and an export function were added to TEC, allowing therapists
to transfer and merge exercises from one system to another.
Instructions
Although adding instructions to an exercise was possible since the first version of TEC, these
instructions had to be input as a single ‘recipe’ for the whole exercise. It turned out that this
information was hard to comprehend by patients, and therefore not very helpful. After the first
study, a new action was added to TEC, which allowed therapists to insert instructions at specific
moments within an exercise. This way, patients working with the TTPI receive timely instructions, instead of a general ‘recipe’ for the entire exercise.

Multi-board use
A major request from the therapists participating in the first study, was to enable the use of
multiple TagTile boards for an exercise. Although for some patients a single TagTile provided
enough challenge to contend with, especially for higher skilled patients the board was too small
to provide a sufficient challenge.
Therefore, TagTrainer was altered to support up to four TagTile boards in a single system. Therapists are free to decide in which orientation and order they want to put their boards, such that
they have maximal flexibility in the design of therapy exercises.
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2.8

Conclusion

This chapter presented the iterative design process of an interactive, end‑user extensible rehabilitation technology called TagTrainer. A user‑centered approach has been applied in designing and
implementing this technology; TagTrainer was designed based on the requirements of rehabilitation therapists, evaluated with physiotherapy students, and redesigned with expert input from
rehabilitation therapists. TagTrainer is the first interactive rehabilitation technology that can be
adapted and extended to a large extent by therapists themselves.
An evaluation of the original TEC has shown that the concept of therapists as creators of exercises for TagTrainer is, in principle, feasible. However, all evidence for this feasibility has been
derived through a lab experiment with simulated tasks and out of the context of rehabilitation
clinics. Furthermore, although the technology that forms the basis for TagTrainer (the Philips
Stroke Rehabilitation Exerciser) has been evaluated with patients, TagTrainer has so far only
been used by therapists. The effects of the deployment of TagTrainer for actual use in the context of rehabilitation clinics are yet unknown.
Therefore the following chapters describe and discuss four studies on the deployment of TagTrainer in rehabilitation clinics. The TagTrainer systems that have been used in these deployments are largely equivalent to the TagTrainer 2.0 (used in the first study) and TagTrainer 2.1
(used in the latter studies) systems described in this chapter.
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Part 2
Deployment
and Evaluation

3. A survey of research methods in
End-User Development
3.1

Introduction to this chapter

In preparation for the deployment of TagTrainer in a clinical setting, I had planned to read up
on literature on other field deployments of EUD systems (see chapter 9). The expectation was
that, through the experiences reported from such other deployment studies, I would be able to
avoid common pitfalls and increase the chances of a successful deployment. However, it turned
out that the number of studies that report on the deployment of EUD environments in a field
setting was extremely small, and hardly any useful guidelines for such deployments could be
derived from those works.
Surprised by this apparent lack of deployment studies, I became interested to know what methods EUD researchers were exactly using, if not field deployments.
EUD, EUP, EUSE, and meta-design have been studied for well over three decades now [12],
and span a wide variety of domains and end-users [10]. These fields have matured to an extent
that they have warranted a dedicated bi‑annual symposium (IS-EUD) since 2007. A recent survey by Ko et al. has provided a much needed overview of the topics that have been, and are
still being studied within EUSE, and has provided an outlook into what remain areas to be explored further in the future [10]. Such a survey could be complemented with an analysis of the
research methods that have been used, and the impact particular types of research have had on
the research community. Knowledge about a field’s preference for particular research methods
and purposes is imperative for its further development, since it can expose potential research
gaps and trends that need to be addressed. In other HCI related fields, such as Mobile HCI [9]
and Children’s HCI [7], surveys on the research methods used in those fields have indeed helped
identify such gaps and helped propose directions for future research.
Accordingly, this chapter presents a structured literature survey of the research methods that
have been used in the fields of EUD, EUP, EUSE and meta-design in the last decade, i.e., between 2004 and 2013. The remainder of this chapter discusses the results of this survey, as well
as the implications of my findings for future research.

3.2

Research methods and purposes

There are several different ways to classify research methods and purposes, but I chose to adopt
the classification scheme that was developed by Kjeldskov and Graham [9] for the field of Mobile HCI and later used by Jensen and Skov in their review of research methods in children’s
technology design [7]. This classification scheme is based on the work of Wynekoop and ConThis chapter is based on:
[1] Tetteroo, D. and Markopoulos, P. A Review of Research Methods in End User Development. Proc. IS-EUD ’15,
Springer (2015).
My contribution to this paper is in the design, execution and analysis of the study, as well as in writing and presenting
the paper.
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Method
Case studies

Strengths
Natural setting
Rich data

Field studies

Natural setting
Replicable

Action research

Firsthand experience
Applying theory to
practice

Artificial
setting

Laboratory
experiments

Control of variables
Replicable

Environment independent
setting

Survey research

Easy, low cost
Can reduce sample
bias
The goal is a product
which may be evaluated
No restrictions on
solutions
Solve new problems

Natural
setting

Applied research
Basic research

Normative
writings

Insight into firsthand
experience

Weaknesses
Time demanding
Limited generalizability
Difficult data
collection
Unknown sample
bias
Ethics, bias, time
Unknown generalizability
Limited realism
Unknown generalizability
Context insensitive
No variable manipulation
May need further design to make product
general
Costly, time demanding
May produce no
solution
Opinions may
influence outcome

Use
Description, explanations, developing
hypothesis
Studying current practice
Evaluating new practices
Hypothesis / theory
generation
Hypothesis / theory
testing
Controlled experiments
Theory / product testing
Collecting descriptive
data from large samples
Product development
Hypothesis / concept
testing
Theory building

Descriptions of practice,
building frameworks

Table 3.1 Summary of research methods, their strengths, weaknesses, and use (adapted from
Kjeldskov and Graham [9]).
ger [16] and although it’s accuracy has been critiqued (amongst others by [9] themselves), in
my opinion it is currently the best classification scheme covering HCI research methods. The
scheme by Kjeldskov and Graham classifies HCI research in two dimensions: research method
and research purpose. It distinguishes eight research methods, and five research purposes for the
field of HCI (see Table 3.1). Below I discuss shortly the categories from the two classification
dimensions. Readers are encouraged to consult [9] and [16] for a more elaborate discussion of
the methods and purpose definitions.

Research methods
•

Case studies. Case studies are intensive empirical studies of small numbers of entities, such
as organizations, groups and individuals [16]. They have been defined by Yin as “empirical en‑
quiries that investigate a contemporary phenomenon within its real‑life context, especially when the boundaries
between phenomenon and context are not clearly evident” [17]. Usually, the data collected is qualitative.
Case study results are usually hard to generalize, given their origin in a specific case. However,
they can provide rich insights into specific cases and are particularly suitable for hypothesis
generation and explaining complex phenomena.

•

Field studies. Field studies are studies taking place in the real world. They range from (usually qualitative) ethnographic studies to (usually quantitative) field experiments. They offer
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increased ecological validity over artificial settings, but offer limited or no control, and can
be laborious and complicated to conduct.
•

Action research. Action research combines both action and research within the same process and aims at generating knowledge by improving practice, and improving practice by the
application of knowledge [2]. Typically, this implies researchers participating in the intervention or activity studied, simultaneously evaluating the results. The advantages are firsthand
experience, and the possibility to apply theory to practice directly. Disadvantages are the
limited generalizability, the possible bias created by researchers being actively involved in the
study, and the laborious efforts required for conducting action research.

•

Lab experiments. All research that takes place in an artificial environment setting is qualified as lab experiment in the scheme of [9]. Typically, researchers use lab experiments to
perform context independent studies of specific phenomena. Lab experiments range from
true experiments with manipulation of independent variables, to loosely structured usability
evaluations that summarize impressions and anecdotes afterwards. Lab experiments have the
advantage that they are usually easier and cheaper to conduct compared to field studies, but
might lack ecological validity.

•

Survey research. Research that systematically samples a population through questionnaires
or interviews. Responses are collected directly and are independent of context. This research
is typically applied for collecting large amounts of data and is relatively cheap to perform.
On the other hand, survey research might incur a respondent bias, and is typically cross-sectional, providing a snapshot image of a phenomenon, thus unable to capture how processes
evolve over time.

•

Applied research. Environment independent research method based on intuition, experience, deduction and induction, used to analyze a specific research problem [16]. Typically,
the desired outcome or goal is known, but the methods and techniques for achieving this
goal are unknown. The advantages of applied research are that it is goal-directed, and that it
typically leads to a product. On the downside, solutions might be not generalizable, or may
not materialize at all.

•

Basic research. Basic research is about developing theories and frameworks in situations
where the problems are well known, but the methods and solutions are unknown. Such research is often time consuming and may fail to produce any result, but has the advantage of
allowing for a high level of creativity in the search for solutions.

•

Normative writings. This category includes all writings that do not describe actual research,
such as concept development or ‘truth’ writings [16]. Examples are descriptions of future research directions, ‘oeuvre’-writings that reflect on a longer period of research on a particular
topic, and papers that present an opinion or intuitively correct ideas and concepts.

Research purpose
In addition to the research method, the classification scheme also distinguishes between five
different research purposes:
•

Understanding. Research aimed at understanding the particulars of a phenomenon studied.

•

Engineering. Research aimed at the original development of a tool or technology.
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•

Re-engineering. Research aimed at the engineering of modifications or extensions to an
existing tool or technology.

•

Evaluating. Research aimed at the assessment, validation and assurance of tools, technology, models and frameworks.

•

Describing. Research aimed at describing the ideal properties of a system or situation.

3.3

Classification of research methods in end-user
development

This section presents a classification of selected research papers from the fields of EUD, EUP,
EUSE, and meta-design.
A total of 93 conference and journal papers were classified using the before mentioned scheme.
These publications are all full research papers on EUD, as well as the related fields of EUP,
EUSE and meta-design that have been published in the following major, relevant conferences
and journals between 2004 and 2013 which are the mainstream venues for publishing related
research:
•

Conference on Computer-Human Interaction (CHI), ACM

•

Conference on Advanced Visual Interfaces (AVI), ACM

•

Conference on User Interface Software and Technology (UIST), ACM

•

International Symposium on End-User Development (IS-EUD), EUSSET

•

Visual Languages and Human Centered Computing (VL/HCC), IEEE

•

Journal of Visual Languages and Computing, ACM

•

International Journal on Human Computer Studies, Elsevier

•

Interacting with Computers, Oxford University Press

•

Transactions on Computer Human Interaction (TOCHI), ACM

To ensure sufficient validity, all papers were independently coded by two coders. The inter-rater
reliability scores (percentage of equal classifications between the coders) for research method
(0.88) and research purpose (0.82) were found to be sufficiently reliable. Conflicting classifications were discussed in order to achieve consensus.
As has been the case in previous research that has used this classification scheme (e.g. [7,9]),
some papers were found to clearly fit in more than one category. Hence, the total number of
classifications (135) is larger than the number of papers that were classified (93). 55 papers received a single classification, 34 papers received two classifications and 4 papers received three
classifications. As such the percentages used below total to over 100%.
Table 3.2 shows clearly that most of the selected papers fall in the categories applied research (58
out of 93 papers, 62%) and lab experiments (43, 46%). Field studies (14, 15%), normative writings (10, 11%), case studies (7, 8%) and survey research (2, 2%) were found to be considerably
less common. No action research studies were found, and only one publication describes basic
research. The classification shows a strong bias towards artificial setting environments (46%)
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Case
studies
Understand

Field
studies
3, 50

Action
research

Lab experiment

Survey
research

Applied
research

7, 8, 9, 15,
23, 35, 36,
48, 67, 68,
71, 72, 85

69

74

Engineer

Basic
research

Normative
writings

28

6, 20, 26, 47,
57, 63, 64,
78, 86, 92

1, 4, 16, 17,
19, 21, 22,
24, 25, 27,
29, 32, 33,
34, 37, 38,
39, 40, 42,
44, 46, 49,
51, 54, 56,
59, 60, 61,
62, 65, 66,
70, 73, 76,
77, 79, 82,
83, 88, 89,
91, 93

Re-engineer
Evaluate

30, 40

25, 27, 42,
66, 70, 84

Describe

11, 13, 31,
41, 78

5, 44, 45, 52,
61, 82
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2, 52, 80,
81, 84, 87

16, 17, 21,
22, 24, 34,
37, 38, 40,
44, 51, 52,
53, 54, 55,
58, 59, 60,
61, 73, 76,
87, 88, 91,
93
10, 12, 14,
43

1, 2, 39, 74,
75, 77

90

18, 30, 75

Table 3.2 Classification of research on end-user development. The numbers refer to indexes in
Appendix E “Reviewed Research Papers on End‑User Development, 2004-2013”.
and independent setting environments (73%), and a much less significant role for natural setting
environments (23%).
The purpose of most research was to engineer (42, 45%) and evaluate (39, 42%), although describing (30, 32%) and to some extent understanding (17, 18%) were frequent purposes as well.
Only 7 papers (8%) concerned re-engineering.
The most frequent method-purpose combinations are engineering as applied research (42, 45%)
and evaluations performed in a lab setting (25, 27%), followed by lab experiments aimed at understanding (13, 14%).
Figure 3.1 shows the relationships between classifications. Clearly, many papers (22, 24%) describe the engineering of a system, or re-engineering thereof, (AP-EN, AP-RE) followed by a
lab evaluation (LE-EV). The strong link between (re-)engineering and lab evaluation becomes
even clearer by looking at the percentage of AP-EN and AP-RE papers that are followed by a
lab evaluation: 46% of the 48 papers describing (re-)engineering follow up with a lab evaluation.
Considerably fewer of such (re-)engineering attempts are followed by evaluations in a natural
setting environment; 7 papers, or 15% of all (re-)engineering research is followed up by such an
evaluation. Papers classified as descriptive basic research (BA-DE), descriptive survey research
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Figure 3.1 Network graph showing the relationships between different classification categories. The four-letter codes denote the method (first two characters) and purpose (last two characters) of a publication (e.g., AP-EN meaning APplied research and ENgineering). The size of the
nodes corresponds with the number of papers that received a classification, while the thickness
of the edges illustrates the strength of the relationship between two classification categories.
(SU-DE), descriptive lab experiments (LE-DE), and field studies, survey studies, and lab studies
aimed at understanding (FS-UN, SU-UN, LE-UN) did not receive any additional classifications.

Development of the field over time
Figure 3.2 shows the distribution of the publications included in this survey over time. Clearly,
the numbers are higher for the years in which the IS-EUD symposia were held (2009, 2011,
2013). Overall, there is a slightly positive trend in the number of publications in this domain.
While the number of publications gives an indication of the overall activity in the surveyed
fields, it is also interesting to analyze whether the nature of the research performed has changed
over the years. Figure 3.3 shows the percentage of publications on research performed in artificial and natural setting environments per year. Traditionally, artificial setting environment
research has been dominant, but there is a trend towards a more balanced situation.
Figure 3.4 shows the development of research purpose frequency over time. Research for engineering seems to become less prominent, while descriptive research is on the rise. There seem
to be no clearly identifiable trends for research with other purposes, though research aimed at
re‑engineering remains consistently scarce.

Research impact
We have also analyzed the impact of the publications included in this survey by considering the
number of citations per publication, as provided by Scopus (scopus.com) and the ACM Digital
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Figure 3.2 Number of publications included in this survey, per year. The peaks in 2009, 2011,
and 2013 are caused by the IS-EUD symposia in those years.
Library (dl.acm.org). Where both sources had a different citation count for a given publication,
the largest number was used.
The number of citations per publication ranged from none (several publications) to 92 ([14]).
There is a large spread in the number of citations between individual publications (Mdn=3.00,
SD=16.32); The five most influential publications ([3,4,6,14,15]) account for almost 44% of all
citations.
As is to be expected, there is a strong correlation between the year of publication and the average number of citations (Spearman’s rank correlation: rs(10) = .875, p = .001); earlier publications on average have a higher number of citations.
Table 3.3 shows the distribution of citations amongst the different classification categories. Publications describing applied research (median 4.00 citations per publication), field studies (4.00)
and lab experiments (5.00) are cited more often than publications with other research methods.
The discrepancy between the average and median number of citations per publication for applied
research, lab experiments, and normative writings, is caused by a number of highly cited research
papers using these methods. This effect is especially strong in the case of normative writings,
since two of the most cited publications ([4,15]) have received this classification. Interestingly,
evaluations performed in a natural setting environment (i.e. CS-EV:6.50 and FS-EV:5.50) are
more impactful than evaluations performed in an artificial setting environment (LE-EV:4.00).
Overall, publications describing research aimed at understanding (median 5.00 citations per publication), and research aimed (re-)engineering (4.00) and evaluations (4.50) are the most influential. Descriptive writings (2.00) are somewhat less influential.
The most influential journals on the surveyed fields are Interacting with Computers (median
8.00 citations per publication) and the International Journal on Human Computer Studies (6.00).
The most influential conference is CHI (13.50).
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environment, per year. The dashed and dotted lines are linear trend estimations based on a leastsquares fit for natural and artificial setting environment respectively.
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Figure 3.4 Development of research purpose over time. The values indicate the percentage
of publications for a given year with a specific purpose. There is a decreasing trend for studies
aimed at engineering, and an increasing trend for descriptive studies.
Table 3.4 shows the classification categories ranked by the number of publications, and the
median citations. The last column of Table 3.4 shows the difference between these rankings,
and thereby reveals some interesting discrepancies between the amount of work that is published in certain categories, and the impact of that work. Most striking are the discrepancies for
case-study evaluations, and field studies and survey research aimed at understanding. Given the
impact of the work from these categories, one would expect significantly more publications.
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Classification
category
AP-DE
AP-EN
AP-EV
AP-RE
AP-UN
Applied research
BA-DE
Basic research
CS-DE
CS-EV
Case studies
FS-DE
FS-EV
FS-UN
Field studies
LE-DE
LE-EV
LE-RE
LE-UN
Lab experiments
NW-DE
Normative writings
SU-UN
SU-DE
Survey research

Nr. publications
3
42
6
6
1
59
1
1
5
2
7
6
6
2
14
4
25
1
13
46
10
10
1
1
3

Nr. citations

Avg. cit. / publ.
8
404
34
45
1
492
1
1
8
13
21
19
28
11
58
13
287
2
146
448
157
157
4
1
5

2.67
9.62
5.67
7.50
1.00
8.48
1.00
1.00
1.60
6.50
3.00
3.17
4.67
5.50
4.14
3.25
11.48
2.00
11.23
10.42
15.70
15.70
4.00
1.00
2.50

Median
cit. / publ.
2.00
4.00
1.50
5.00
1.00
4.00
1.00
1.00
2.00
6.50
2.00
2.00
5.50
5.50
4.00
3.00
4.00
2.00
5.00
5.00
1.00
1.00
4.00
1.00
2.50

Table 3.3 Citations per classification category. The category labels (e.g., AP-EN) consist of the
first two characters of the research method (e.g., APplied research), and the first two characters
of the research purpose (e.g., ENgineering).
Similarly, applied research-style evaluations and descriptive normative writings are published
more often than one would expect from the impact of that work.

3.4

Discussion

The present study reveals a number of interesting aspects about the research on EUD and its
related fields of EUP, EUSE, and meta-design.
First, the number of publications on these topics is increasing. The increase indicates a growing
interest of the research community in the issues that are addressed by EUP, EUD, EUSE and
meta-design. However, a recent survey by Liu et al. [11] shows that the role of these fields within
the CHI community has diminished. Although the internal cohesion with these fields is high,
they are relatively isolated from the rest of the CHI community. Arguably, more inter-domain
research would strengthen the position of EUP, EUD, EUSE and meta-design as research fields,
and would increase their importance for the greater CHI community.
It is clear that the research surveyed in this chapter is dominated by the engineering of systems
and subsequent (formative) lab evaluations of these systems. Evaluations that take these systems
into the field are much less common. A similar finding was reported by Kjeldskov and Graham
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Classification
category
AP-DE
AP-EN
AP-EV
AP-RE
AP-UN
BA-DE
CS-DE
CS-EV
FS-DE
FS-EV
FS-UN
LE-DE
LE-EV
LE-RE
LE-UN
NW-DE
SU-UN
SU-DE

Rank by # publications

Rank by median citations
11
1
5
5
14
14
9
12
5
5
12
10
2
14
3
4
14
14

10
6
14
4
15
15
10
1
10
2
2
9
6
10
4
15
6
15

Difference in ranks
1
-5
-9
1
-1
-1
-1
11
-5
3
10
1
-4
4
-1
-11
8
-1

Table 3.4 Classification categories ranked by number of publications and median citations.
The shading of the cells in the last column indicates the extent to which the publication ranking
of a category deviates from its citation ranking. Orange cells (negative values) indicate categories
that have fewer publications than expected based on their impact, green cells (positive values)
represent categories that have more publications than would be expected. Darker colored cells
indicate higher deviations.
in their review of research methods in Mobile HCI [9]. They provide two explanations for the
relative abundance of applied research and lab studies, and the lack of natural setting research,
that apply to this survey as well: First, applied research and lab experiments are simply easier to
conduct and manage than field studies. Furthermore, the roots of end-user development are in
the field of computer science, which traditionally has had a strong bias towards engineering and
evaluations in artificial environments. Although there is an overall preference for studies in an
artificial setting environment, Figure 3.3 shows this preference is slowly fading while the number
of studies in natural setting environments is increasing. This is a necessary shift that needs to
continue, since only in-the-field research can ensure the ecological validity of the paradigms,
frameworks, and methods developed. Furthermore, such research is able to account for the influence of contextual and organizational factors on EUD, whose importance has been stressed
often, amongst others by [5]. The value of natural setting environment research has been confirmed by this survey; evaluations performed in natural setting environments are more influential
than evaluations in artificial setting environments.
Another observation that can be made from this survey is the lack of action research and basic
research. Although a similar lack of action research has been reported in other fields (e.g., [9,16]),
the lack of action research in the field of end-user development is remarkable. Action research
seems particularly suitable for the evaluation of EUD systems in natural environments, since
it promotes a similar strain of end‑user empowerment; just as EUD removes the distinction
between programmers and users of software, action research removes the distinction between
researchers and participants. In action research, both researchers and end‑users are committed to
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Figure 3.5 Comparison of classification results of research method surveys in the fields of
Mobile HCI [9], Children’s HCI [7] and EUD.
improve work practices and to generate knowledge through this process. Kjeldskov and Graham,
in their review of MobileHCI research methods, attribute the lack of action research in their
field to a rather limited established body of theoretical knowledge and an unwillingness to implement these technologies in real life, mainly due to high costs of the technology. Although the
field of EUD might not suffer from such high costs, the number of reports on the evaluation
of EUD systems in a practical context is very limited (8 papers). This might indeed point to a
lack of understanding as to what enables end‑users to engage in EUD activities in actual life. It
is therefore worrying that research aimed at understanding seems to be taking place mainly in
artificial setting environments. Such research will not be able to identify factors related to context
and organization that need to be understood before attempts to deploy EUD systems can be
successful, as pointed out by e.g., [8,13]. The need for field studies aimed at generating understanding is also visualized by Table 3.4; although only few of such studies have been performed,
they attract great interest from the community.
The number of papers that focus on the re-engineering of existing systems is quite small compared to the number of papers that report on engineering efforts to develop a completely new
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system. Although this is to be expected for any technological field, it is somewhat surprising for
the specific case of EUD. As any software needs basic functionality that is valuable for users
before the need for tailoring and modification arises, EUD comes naturally as a software authoring extension to existing, general purpose software systems. Therefore one would expect to see
more re‑engineering in EUD than in other fields;
Figure 3.5 shows a comparison of the classification results of this study, and that of two previous surveys in the field of Mobile HCI [9] and Children’s HCI [7]. The results of my survey are
remarkably similar to those of the Mobile HCI survey. Both surveys reveal a scarcity of natural
setting environment research (especially compared to the Children’s HCI survey), and an abundance of applied engineering and lab evaluations. The results from the survey of Children’s HCI
research methods are somewhat different, in that their review shows a relatively high preference
for field study evaluations. However, a general pattern is visible over all three surveys: Case
studies, action research, survey research, basic research and normative writings are not often
encountered, while lab experiments and applied research are mainstream practice in all the three
fields. Similarly, studies focused on understanding and re‑engineering are less common than
studies focused on engineering and evaluating. It is remarkable that such a pattern is recognizable despite the differences in the surveyed domains. This raises the question whether this pattern
can be considered the footprint of HCI research in general. It might be that the very nature of
HCI as a field favors particular types of publications, with a focus on applied engineering and
subsequent lab evaluations.
There is, however, another explanation for the pattern that seems to occur across HCI research.
All three studies have used the same classification scheme by Wynekoop and Conger [16]. The
large clusters of applied engineering and lab evaluation research might contain a more nuanced
picture that is currently obfuscated by the coarseness of the classification scheme. A closer look
at the publications that were classified as lab study evaluations (LE-EV) reveals that the majority
of these publications (16 out of 25) report on structured usability evaluations with quantitative
measures. However, the same classification has been applied to true experiments with manipulation of independent variables (4) and loosely structured evaluations that summarize impressions
and anecdotes afterwards (2). Moreover, these publications significantly differed in the size of
the experiments (between 5 and 48 participants), participant characteristics (e.g., students and
colleagues recruited as a convenience sample to actual end-users) and research context (e.g.,
actual lab vs. in-the-field). In my opinion, clustering these very different publications in a single
category results in a skewed or at least indiscriminate picture of the research methods used.
It appears that such discussions on research methodology would benefit from a classification
scheme that caters for this diversity, such that more nuanced developments and trends in the
research methods practice within HCI research fields can be visualized.
The number of publications per research method and purpose gives a good indication of the
popularity of such research for the surveyed fields. Similarly, the number of citations per classification category gives an indication of the impact of such research. Ultimately, combining these
data sets reveals discrepancies between what is published, and what should be published. Table 3.3
reveals that, although in general the number of publications within a certain category is in line
with the impact of these publications, there are some exceptions. Notable are the apparent lack
of case-study evaluations, and field studies and surveys aimed at understanding. There are only
few publications within these categories, but the publications available are amongst the most
highly valued publications in the surveyed fields. Similarly, the number of descriptive normative
writings, and evaluations using an applied research methodology are far greater than one would
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expect based on their impact. Although these findings are no reason for a massive trend‑shift in
EUD research, they should not be ignored by the research community. By addressing the challenges and opportunities for future EUD research that have been outlined here, the impact of
its research for the greater HCI community can increase.

3.5

Limitations

This survey has used the classification scheme that was proposed by Kjeldskov and Graham in
their survey of methods in Mobile HCI [9] and has also been used by Jensen and Skov in their review of methods in the field of children’s HCI [9]. While, in my opinion, this scheme currently is
the best available scheme for classification of HCI research, it leaves (too) much room for interpretation. For example, the distinction between case studies and field studies is not at all clear – a
‘problematic’ example is [1]. Furthermore, while the number of papers that use lab experiments
is high, this number needs to be interpreted with caution. Under the definition that Kjeldskov
and Graham have used for lab experiments, this category includes all experiments that happen
in an artificial setting environment. However, I think it is worth distinguishing between a true
experiment with manipulation of independent variables, a usability evaluation with a structured
set of tasks and quantitative measures, and a loosely structured evaluation that just summarizes
impressions and anecdotes afterwards. Also, sometimes, evaluations may be conducted in a series, which means that in the same study, authors report finding bugs, fixing them, and testing
improved versions of the system – in this case what is reported is not a lab experiment but the
convergence to a better engineered system.

3.6

Conclusion

This chapter presented a survey on the methods and purpose of research performed in the fields
of end-user development, end-user programming, end-user software engineering and meta-design between 2004 and 2013. After reviewing 93 publications, I found that activity in these fields
is increasing, but also that research in these fields is strongly dominated by the engineering of
systems and the subsequent evaluation of these systems in a lab setting. All the while, natural
setting environment research is scarce; more of this research is needed in order to improve the
ecological validity of the existing knowledge, as well as to increase the understanding on the
influence of factors that cannot be considered in a lab setting, such as context and organization.
Finally, an evaluation of research impact reveals opportunities for case-study evaluations, and
field studies and surveys aimed at understanding.
The results of the literature survey in this chapter show the necessity for performing in-thefield evaluations of EUD systems. Thus, the following chapters describe how TagTrainer was
deployed and evaluated in an actual use setting within three rehabilitation clinics.
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4. Preamble to the deployment
studies
4.1

Introduction

Chapter 2 discussed the design of TagTrainer: an interactive, tangible, end‑user extensible rehabilitation technology for upper-arm rehabilitation. A formative usability evaluation of TagTrainer has shown that therapists are, in principle, able to act as creators of therapy content. However,
beyond usability there are many more factors that influence the adoption of EUD environments
(see [8]). Through the usability evaluation I was yet unable to draw any conclusions about the
feasibility of therapists as creators of therapy content in a practical context. Therefore, the next
question I wanted to answer is whether these creative efforts do sustain in the context of an
actual rehabilitation clinic. Such questions can only be answered by performing natural setting
research, where technology is deployed in a context of actual use. The research methods survey
in the previous chapter has shown that such natural-setting environment research is still relatively scarce in the EUD community. Moreover, evaluations taking place in the field are valued
higher by the community than those taking place in a lab setting.
Therefore, in the following chapters four case studies are presented in which TagTrainer was
deployed at rehabilitation clinics. The deployment of rehabilitation technology in a clinical setting is common; previous research has shown that technology acceptance [12] and self-efficacy
[2] play an important role when it comes to deploying technology in the field of (neuro‑)rehabilitation [4]. However, little is known about what factors can play a role in enabling therapists
to become creators of technology supported training content. Therefore, the following chapters
investigate the concept of therapists as creators of rehabilitation technology content, in order
to determine the factors that influence a successful deployment of EUD technology in a clinical
setting.
As a preamble to the description of the four deployment studies in the following chapters, this
chapter discusses related work that aims to model aspects of EUD deployments. Finally, it provides a short overview of the characteristics of the four deployment studies that are presented
in the following chapters, as well as an overview of the measures that were used during these
studies.

4.2

Modelling EUD deployments

Some researchers have attempted to reason about success factors for EUD based on knowledge
from related fields, such as cognitive psychology and organizational computing, lab-studies or
(ethnographic) studies of existing communities. Blackwell, for example, proposed the Attention
Investment (AI) model in an attempt to characterize the cognitive demands that programming
tasks impose on end‑users [3]. He argues that the decision of an end‑user to engage in EUD can
be framed as an investment equation, in which the expected payoff is compared to the investment and risk in terms of ‘units’ of attention. While sensible, this model focuses on a narrow
set of considerations related to the perceived usefulness and usability of EUD technology; it
neglects the contextual factors behaviour change models such as the Unified Theory of Acceptance and Use of Technology (UTAUT, see [12]) consider. Further, while the AI model is based
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on existing theories such as Pirolli and Card’s Information Foraging theory [11], Blackwell does
not present empirical evidence for his own theory. Hence it remains questionable to what extent
his theory bears empirical validity.
Fischer et al. have approached the problem of deploying EUD systems from an evolutionary
perspective, arguing for the need to provide end‑user developers with ‘seeds’ [9]. Seeds are initial
collections of domain knowledge that are designed to evolve at use time, and extend through
an iterative process of evolutionary growth and reseeding [7]. Fischer further argues the need
for meta-design in order to “create socio-technical environments that empower users to engage actively in the
continuous development of systems rather than being restricted to the use of existing systems” [8]. Eventually,
these end‑users can become members of so‑called cultures of participation, where these individuals
are enabled to contribute to solutions for personally meaningful problems [6].
Related to this, Zhu et al. have proposed the Hive Mind Space (HMS) model in order to enhance
collaboration between individual end‑user developers [13]. They argue that end‑users from different Communities of Practice (CoP) are characterized by symmetry of ignorance. In other
words, none of the individuals has all the knowledge required to solve the common problem.
Their framework aims at assisting cooperation through providing individual EUD environments
for each CoP, connected by shared boundary objects.
Although all of the above mentioned models and frameworks attempt to provide (partial) answers to what constitute the success factors for EUD deployment, none of them sufficiently
explains how one ought to deploy an EUD environment in context of actual use, accounting
for issues related to technology, individual end‑users, and collaborative communities. Most importantly, all of these models and frameworks have been constructed from knowledge derived
from theory and retrospective analysis of cases, rather than experiences from attempts to deploy
EUD environments. A structured literature review (see chapter 9) has revealed that so far, no
deployment studies have been attempted with the goal of identifying success factors for EUD.
Arguably such factors should play an important role and should surface in any attempt to introduce EUD within a certain social and technological context. Therefore, the following two chapters describe four deployment studies of TagTrainer within the context of a rehabilitation clinic.

4.3

Overview of the case studies

Four case studies on the deployment of TagTrainer in a clinical setting were performed. The aim
of the first study, described in chapter 5 was to assess the overall viability of such a deployment,
and to identify the EUD practices adopted by the participants. The latter three studies each
address additional aspects of the deployment of TagTrainer, and are described in more detail in
chapter 6.

Case study characteristics
Table 4.1 gives an overview of the characteristics of the four cases. The case studies were performed at three different clinics in The Netherlands and Belgium. These clinics provide physical
rehabilitation to patients with, among others, stroke, SCI and MS. In total, 24 therapists (20f, 4m)
participated in the studies, and both physiotherapists and occupational therapists were involved.
The duration of the studies ranged from 3 weeks for the first case study, to 8 weeks for the third
case study. Though from a researcher’s perspective longer field studies are preferable over shorter studies, in our case the study length was mainly determined by the clinical processes in the
rehabilitation clinics were the studies were performed. The level of involvement asked from the
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Location

Length

Pathology

Notes

Case 1

Hoensbroek,
Netherlands

3w

Participants

SCI, stroke

Research team had participated in the design and
development of TagTrainer.

Case 2

Herk-de-Stad,
Belgium

8w

Stroke

Aim: to assess EUD practices in a different
health system and organizational context. I focused on the rehabilitation of stroke patients.

Case 3

Overpelt,
Belgium

5w

MS, stroke

Aim: to study a different patient population and
organizational context.

Case 4

Hoensbroek,
Netherlands

8w

SCI, stroke

Follow up to case 1. Aim: to assess the spontaneous and unguided use of the system, post initial
deployment.

Aged 25-32

Aged 24-54
Aged 26-44

Table 4.1 Characteristics of the four case studies ( / = physiotherapist, / = occupational
therapist).
participants in our studies could not be sustained for a longer period of time, without negatively
affecting the quality of the care provided by the clinics.

Success criteria
The goals of the four case studies were mainly related to EUD-related tasks, practices and
developments. In their stepwise guidance to facilitate successful implementation of technology in therapy, Hochstenbach-Waelen and Seelen [10] argue that after the initial phases, during
which awareness and insight about the new technology are spread amongst the community of
therapists, a phase of acceptance follows. Thus, for EUD to occur, TagTrainer first needed to
be accepted as a technology for use in physical rehabilitation. After all, without the technology
being adopted by therapists, adopting EUD practices would not be possible in the first place.
Therefore, the following success criteria were used during the four case studies:
SC1. Therapists accept TagTrainer as a viable technology for arm-hand rehabilitation.
SC2. Therapists use TagTrainer in daily arm-hand therapy.
SC3. Therapists are able to perform EUD activities with TagTrainer.
SC4. Therapists perform EUD activities as part of their daily work.

Measures used during the case studies
Hochstenbach-Waelen and Seelen [10] argue that once a technology is being accepted by therapists, the attitude, motivation and willingness to change are crucial factors in the success of
the implementation process. Since I was interested in the extent to which the implementation
process of TagTrainer would develop, the focus of the research efforts has been on measuring
these factors and collecting in-depth information about the practices, events, and opinions that
underlie these factors.
Logging
An automated log containing details about the usage of the TagTrainer system was kept. A log
entry was added each time an exercise was executed, containing the time of use, the therapist
using the system, the pathology of the patient training with the system, and the name of the
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Case 1

S+T

Case 2

S+T

Case 3

S+T

Case 4

S+T

Week
(relative)

S+T

S+T+CE
S+T
S+T

S+T+CE
S+T

S+T
1

2

3

4

S+T+CE
5

6

7

8

Figure 4.1 Administration of self-efficacy (S), UTAUT (T) and credibility/expectancy (CE)
questionnaires.
exercise used. Log entries were also added upon the modification and creation of exercises;
these entries contained the name of the exercise and the therapist involved, as well as the date
of modification or creation.
Self-efficacy
An essential factor in any technology adoption process is the extent to which users believe to
be able to use it. Self-efficacy directly affects intent [1]: if a therapist feels that (s)he has not
mastered working with the TagTrainer system, (s)he will be less likely to use the system, let alone
create new therapy content with it. A self-efficacy questionnaire (based on [2], scaled 0-100, see
Appendix C) was administered at three moments during the case studies: right at the start of a
study, approximately halfway during a study, and at the end of a study (see Figure 4.1). The questionnaire was administered at these three different moments to gauge how long it takes for therapists to feel confident they can use the system correctly. Note that the questionnaire measures
therapists’ perception and not actual performance – hence, the questionnaire was first applied at
the start of the study, even though therapists had not yet worked with the system.
Technology acceptance
To evaluate acceptance and how it is influenced by increased exposure and familiarity with the
system, a version of the UTAUT questionnaire [12] (see Appendices A and B) has been administered three times during the study (coinciding with the administration of the self-efficacy
questionnaire). UTUAT is a model that examines the relation between people’s acceptance of a
technology and several potential determinant factors such as: their behavioral intent (perceived
likelihood) to use it, ease of use, usefulness, and social norms. The questionnaire includes 8
subscales (7-point Likert scale), of which only behavioral intent, performance expectancy, effort
expectancy, social influence, and facilitating conditions have been shown to be good predictors
of acceptance [12].
Credibility and expectancy
At the end of each study, therapists were invited to give their opinion about the credibility and
the expected treatment effectiveness of the provided rehabilitation solution. These factors were
measured with a version of the credibility/expectancy questionnaire (CEQ) that was adopted for
administration to therapists [5] (see Appendix D). The CEQ aims to measure therapists’ treatment expectancy of TagTrainer, as well as its rationale credibility for use in a clinical setting. The
questionnaire includes six questions that ask therapists to indicate their thoughts and feelings
about the treatment on offer, on both a 9-point and an 11-point Likert scale. The credibility and
expectancy factors (each scoring between 0 and 27) are calculated by aggregating the normalized
scores of three questions each. In contrast to the other measures that were mentioned before,
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these measures were only taken once, at the end of the study, as I aimed to solicit their most
informed opinion after they have worked with the TagTrainer system.
Observations
Therapists were observed by the researcher at least one day a week, whenever they were using
the TagTrainer system. During the first study, the researcher was present during every day of the
study. Both written notes and patient-anonymized pictures were taken during the observations.
The observations focused on the context of use (patient’s pathology, individual or group therapy, etc.), the mode of use (exercises executed, objects used, etc.), and organizational issues (setup
of TagTrainer system for therapy, other activities during TagTrainer use, etc.).
Sharing exercises created by therapists can potentially provide for a higher variability of exercises that a therapist can provide to a patient. However, such benefit can only be achieved when
colleagues resort to the reuse of peer‑created exercises. Hence, during the observations, special
attention was paid to sharing and reuse of exercises.
Semi-structured interviews
Up to four semi-structured interviews per participating therapist were conducted, depending
on their availability and involvement in the study. These interviews covered several topics: the
usability of TagTrainer, its use within therapy (times of use, context of use, experiences during
usage, etc.), and the structure of the study itself. The (exemplary) testimonials of therapists as
used in this chapter, though subjective, may give detailed insight to technology developers on
how to take into account clinically important issues associated with the (non-)use of technology.
They complement objective measures which, being generic and summative, do not always provide sufficient insight into the issues underlying the use and non-use of technology on their own.

4.4

Conclusion

This chapter outlined the need for studies on the deployment of TagTrainer in a clinical setting. Although models exist that capture some of the factors that influence a successful EUD
deployment, these models have been derived from theory and retrospective analysis of cases,
rather than through studies of actual deployment. The following two chapters present four
case studies on the deployment of TagTrainer in rehabilitation clinics in The Netherlands and
Belgium. These two chapters describe the results of the first, and the other deployment studies
respectively.
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5. The deployment of TagTrainer in a
rehabilitation clinic
5.1

Introduction to this chapter

This chapter presents a study aimed at identifying and understanding the factors that influence
the adoption of EUD practices in the workplace, the feasibility of EUD in the context of a
rehabilitation clinic, and how technical aspects of the TagTrainer influence this feasibility. The
next sections the methods used in our deployment study, and the results gathered from this
study. Finally, we discuss the impact of our findings on rehabilitation technology and end‑user
development in general.

5.2

Methods

Study design
An action research approach was adopted for this study. Action research combines both action
and research within the same process and aims at generating knowledge by improving practice,
and improving practice by applying knowledge [2]. This approach fits the dual aim of the study:
(1) the action aim of introducing TagTrainer in arm-hand rehabilitation practice, and (2) understanding issues surrounding the adoption of TagTrainer and EUD. Therapists and clinical
researchers from the clinic where the study was held were involved in the design of the study,
monitoring its progress, interpreting, presenting and reporting the results.
A three-week long study was carried out at Adelante Rehabilitation Centre in Hoensbroek, the
Netherlands. Three occupational therapists and one physiotherapist (2m, 2f), all highly specialized in arm-hand training of stroke patients (n=2) and spinal cord injured patients (n=2) participated in the study. All participants were considered to be innovators, or early adopters [15]
within the environment of the clinic. The therapists participated voluntarily and did not receive
any incentive, besides the possibility to learn about and work with a new technology for rehabilitation. The management of the clinic allowed four therapists to be involved in this research,
freeing them from part of their regular clinical work to participate. The management was not
further involved in the current study and had no influence on the decision whether or not to use
TagTrainer. Rehabilitation therapy at the clinic was provided either individually (a therapist treating a single patient) or in a group (a therapist treating multiple patients simultaneously). During
group therapy sessions, multiple patients took turns working with TagTrainer.
This chapter is based on:
[1] Tetteroo, D., Markopoulos, P., Timmermans, A., and Seelen, H. Rehabilitation Therapists as Software Creators?
Introducing End User Development in a Healthcare Setting. Int J of Sociotechnology and Knowledge Development
6, 1 (2014), 36–50.
[2] Tetteroo, D., Timmermans, A.A., Seelen, H.A., and Markopoulos, P. TagTrainer: supporting exercise variability and
tailoring in technology supported upper limb training. J. Neuroeng. Rehabil. 11, 1 (2014), 140.
My contribution to both paper 1 and 2 is in the conception, design, implementation and evaluation of TagTrainer, as
well as in the writing and presetnation of the papers.
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TagTrainer training was used as part of the regular training program of the patients involved in
this study. Note that the decision of whether or not to use TagTrainer for a particular session
and patient was left entirely to the therapists, i.e. no patients were pre‑selected for the TagTrainer
training. Even if the TagTrainer training was suitable for a particular patient, a therapist could
still decide to apply a different training method.
The current study has been put before the local Medical Ethics Committee of Adelante in
Hoensbroek, the Netherlands. However, as all activities described in this chapter were part of
the patients’ regular rehabilitation regime and no patient data were collected, no a priori ethical
approval was necessary. Written informed consent was obtained from the participating therapists. No written consent was obtained from patients, as they were not subjects of the current
study and no patient data were collected.

Study procedure
The study was divided in two consecutive phases dubbed as the ‘use phase’ and the ‘creation
phase’, reflecting the way therapists would use TagTrainer. The use phase lasted for the first week
of the study, during which therapists were asked to integrate the TagTrainer system in their daily
arm-hand therapy programs. The therapists were free to arrange the TagTrainer system placement according to their own insights, i.e. in any way that they thought would support the armhand training. Therapists were provided with an initial set of about 150 exercises (i.e. a ‘seed’ [9]).
Although they were allowed to modify existing content or create new content for the TagTrainer
system, this was not yet actively encouraged. This way, therapists could familiarize themselves
with TagTrainer as a technology for rehabilitation, before they would engage in EUD activities.
The second phase of the study, the creation phase, lasted for the remaining two weeks. During
this phase therapists were actively encouraged, during an introduction meeting organized by the
researcher, to become creators of therapy content for the TagTrainer system.
True to action research methodology, the study consisted of consecutive cycles of research
and action. During twice-weekly meetings (lasting 30 minutes) the individual therapists were
encouraged to discuss any problems, requests or remarks concerning the TagTrainer system or
the interpretation of the results. The meetings were usually followed by an action cycle, in which
change requests were processed into the software as well as into the design of the study itself.
Support for the TagTrainer system by the researcher was available to the therapists for the entire
duration of the study.
After the study, the two TagTrainer systems were left at the clinic to allow for their continued
usage, which supports the original action aim of the study to improve practice, rather than to
contend with evaluating the system. Informal contact was maintained with therapists, which
served to get an impression of the usage of the system after the end of the study.
Use phase
During the use phase, which lasted for the first week of the study, several instruction and feedback sessions were planned with participating therapists. First, a one-hour introduction session
was conducted with all participants and the researcher. During this plenary session, participants
were briefed about the goals of the study and their role within the study. After this introduction,
feedback sessions with individual therapists were held twice a week for the remainder of the use
phase. These meetings lasted for 30 minutes and were used to discuss the progress of the study
with the participants. Therapists were encouraged to discuss any problems, requests, or remarks
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Number of TagTrainer uses
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Figure 5.1 TagTrainer usage in therapy (working days only, cumulative). The figure shows that
the system has been used more during group therapy than during individual therapy.
they had concerning the TagTrainer system or the study itself. Additionally, therapists could use
these sessions to learn more about using the TagTrainer system. Such technical support to the
therapists was also provided outside the scheduled feedback sessions. The researcher was also
at hand during therapy sessions in which the TagTrainer system was used for patient treatment.
During these sessions, the researcher was able to observe the therapists and the way they worked
with the TagTrainer.
Creation phase
At the start of the second week, another 1-hour introduction meeting was planned. This meeting
mainly served to introduce therapists to the modification and creation of therapy content for
the TagTrainer system.
Further, two individual meetings per week were scheduled for all therapists. Finally, at the last
day of the study, a 1-hour reflection session was scheduled in which all participants (researchers,
therapists, and management) were invited to discuss their views on the past three weeks.

Measures
The following measures were used in this study (they have been described in more detail in
chapter 4:
•

Automated logging

•

Questionnaires measuring:

•

-- Self-efficacy
-- Technology acceptance
-- Credibility and expectancy
Observations

•

Interviews
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Figure 5.2 TagTrainer usage in therapy (working days only, cumulative). The figure shows that
the system has been used more during group therapy than during individual therapy.

Data analysis
Data from the UTAUT questionnaire was analyzed with Wilcoxon signed‑rank tests. Data from
the self-efficacy questionnaire was analyzed using paired sample t‑tests. Furthermore, select
items from the self‑efficacy questionnaire (e.g. using TagTrainer in individual therapy vs. group
therapy) were compared by performing independent two‑sample t‑tests. Although the current
study has a small sample size, recent research has shown the applicability of t-tests for such
sample sizes [23].
Data from observations and interviews were analyzed and clustered using affinity diagrams.

5.3

Results

For anonymity and legibility, we refer to participants by pseudonyms: Tim and Tiffany (specialized in stroke rehabilitation), and Marc and Mary (specialized in SCI rehabilitation).

Logging
The log shows that the TagTrainer system was used in 34 therapy sessions, about 1/4 of all armhand training sessions held for the duration of the study. Out of these 34 sessions, 20 sessions
were group therapy; the other 14 were individual therapy sessions (see Figure 5.1). The system
was used 25 times in stroke therapy, and nine times in SCI therapy. Thirteen different patients
have trained with the system (ten stroke patients and three tetraplegic patients). Note that during
some group therapy sessions, multiple patients have subsequently worked with TagTrainer, such
that the number of treatments with TagTrainer is slightly higher than the number of sessions in
which TagTrainer has been used. In addition, there is not a strict one‑on‑one relation between
patients and therapists; a patient might receive therapy from more than one therapist.
All four participating therapists created new exercises for the TagTrainer system. The number
of created exercises ranges from two to seven per therapist. In total, 20 new exercises have been
created during this study (see Figure 5.2). In addition to creating new exercises, therapists also
modified three existing exercises structurally.

The deployment of TagTrainer in a rehabilitation clinic

73

Figure 5.3 Boxplots for the UTAUT questionnaire subscales. Behavioural intent and self-efficacy have increased (not significantly) during the study, but other measures (such as effort expectancy, facilitating conditions and social influence) remained relatively stable over time.
As is visible from Figure 5.2, exercise creation had started spontaneously before the planned
‘create’ phase of the study had started: Marc was curious about the possibilities of the TagTrainer system, in terms of task-oriented therapy, and decided to create exercises for tasks that were
not covered by the default set of training exercises.

Technology acceptance and self-efficacy
As visible in Figure 5.3, scores on most subscales of the UTAUT questionnaire are close to neutral apart from anxiety, which is generally low. No significant differences were found between the
results from the start and the end of the study.
Results from the self-efficacy questionnaire (see Figure 5.4) show a significant increase in self-efficacy between the start (M=52.3, SD=37.6) and the end (M=75.4, SD=19.1) of the study
(t(3)=-2.356, p=0.05). In general, therapists reported moderate to high self-efficacy, except for
their perceived ability to resolve technical problems with TagTrainer (M=32.5, SD=28.7). In
addition, they reported significantly higher levels of self-efficacy (t(3)=4.899, p=0.016) for using
TagTrainer in individual therapy sessions (M=80.0, SD=21.6), compared to group therapy sessions (M=60.0, SD=28.3). Self-efficacy scores on key EUD tasks such as modification (M=45.0,
SD=52.6, resp. M=77.5, SD=28.7) and creation (M=45.0, SD=52.6, resp. M=82.5, SD=23.6)
of therapy exercises increased towards the end of the study. However, there is a relatively large
difference in these self-efficacy scores among individual participants.

Credibility and expectancy
The credibility (M=19.5, SD=3.11) and expectancy (M=13.9, SD=5.22) ratings that the therapists gave for the TagTrainer system show that they find it to be credible for arm-hand rehabilitation, but are neutral in respect to the expected effectiveness of the system for the improvement of arm-hand performance. The expected therapeutic value of TagTrainer seems to be
corroborated by the scores for performance expectancy of the UTAUT questionnaire. During
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Figure 5.4 Boxplots for the self-efficacy questionnaire subscales. Self-efficacy increased on
most subscales after the first week of the study, and is (moderately) high for all subscales except
the ability to solve technical problems. The standard deviation is high for the first week, but
lower for the other weeks.
interviews, therapists mentioned that they were somewhat hesitant to use the TagTrainer system,
because it had not yet been clinically validated.

Observations and interviews
TagTrainer usage
Observations and interviews revealed a difference in the way TagTrainer was integrated in the
workflow for stroke therapy and SCI therapy. Stroke and SCI treatment take place in two separate rooms that differ in terms of layout, content, and use. The room where stroke therapy is
given is relatively crowded with equipment and has many visitors (patients, therapists, and other
staff). Therefore, the TagTrainer system was in the room only when it was to be used. When
not in use, the system was stored in the clinic’s lab facility. On the contrary, the system that was
available for SCI-therapy was placed in the SCI room permanently, regardless of whether it was
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in use or not. Therapists treating stroke patients indicated that not having TagTrainer available
in the treatment room at all times limited their motivation to use it.
Target population
Therapists agreed in their opinion that the usefulness of the TagTrainer system varies between
and within pathologies. For example, stroke patients might be cognitively affected to an extent,
which makes it hard for them to work independently with the TagTrainer system. Besides a patient’s cognitive abilities, therapists identified some other factors that influence the suitability of
the system for a particular patient. For example, Marc remarked:
“I think that patients with low to moderate [arm-hand] function can profit from working with the [Tag‑
Trainer] board. For somebody with really good function, the system provides no challenge. The board is
simply too small for these high-potentials.”
Still, the relatively small size of the TagTile board was often mentioned as a limiting factor in the
types of exercises that could be executed with the TagTrainer system. In addition, the fact that
the current TagTrainer system only supports exercises that are performed on a single board was
mentioned as a factor that limited its usefulness:
“Multiple [TagTrainer] boards would make the system much more useful, it would greatly enhance [our]
liberty in creating exercises.”
Individual and group use
Although TagTrainer was used more often during group training, Tiffany remarked that the
system was more suitable for use during individual therapy because patients using the board required 1-on-1 guidance that is not feasible during group therapy. On the contrary, Mary thought
that using the TagTrainer system in group therapy carried an advantage over traditional group
therapy methods:
“By using it [TagTrainer] you force the patient to be more accurate and precise than by just telling some‑
body ‘put the thing here’. When working with a 5-patient group, you can’t check everyone on their exercise
execution. In that light, the TagTrainer system does a better job.”
Nevertheless, therapists were hesitant to let patients work with the TagTrainer unsupervised. An
important requirement for this is that clear feedback should be provided to patients to enable
them to carry out exercises and to observe how well they do them. Tiffany suggested that:
“It would be beneficial to patients if long-term feedback (such as accuracy, speed and quality of move‑
ments) be collected, so they can compare their performance to previous attempts.”
Marc supported this statement, suggesting that:
“…four weeks of doing the same exercises won’t work. But if you can show people their progress (in a
graphic), it gets interesting.”
Aside from therapists, patients also seemed to agree on this point. One particular patient was
observed motivating himself by trying to perform an exercise as quickly as possible, even though
the system did not provide any relevant scores or performance feedback to support this use.
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Figure 5.5 Two exercises that share a common structure. The left image shows the original exercise, the right image shows the modified exercise. The modified exercise uses the same object,
but lets the patient follow a different pattern on the board.
Content created
Creation efforts ranged from adjustments to existing exercises to the conception and implementation of an entirely new range of exercises. Examples of small adjustments are increasing the
size of the target areas in an exercise, modifying the number of repetitions of an exercise, and
the use of different objects that are easier for patients to handle.
Therapists also performed modifications that changed the actual structure of an exercise. For
example, an exercise that previously demanded a patient to perform pronation (turning the hand
to make the palm face downwards) and supination (making the palm face upwards) in the forearm by rotating a cup was modified to also train ulnar deviation in the wrist (bending the wrist
to the little finger).
Finally, therapists also created new exercises, entirely from scratch. Some of these exercises were
based on already existing exercises, while others represented entirely new ways of exercising. An
example of a derivative exercise that was created by a therapist for a particular patient would be
when a patient was trained to write the name of his granddaughter (see Figure 5.5), which was
adapted from an exercise featuring a different text.
An example of an exercise that was custom created for a patient from scratch would be when a
patient was trained to open a box of tea (see Figure 5.6, bottom left). In this exercise, tags were
placed on the bottom and on the sides of the tea box, as well as on the lid. By equipping the tea
box with two tags, the therapist was able to create a complex exercise, challenging the patient
to put the tea box down on the board, after which it had to be opened, closed, and finally lifted
from the board.
Newly created exercises frequently displayed usability problems. An example relating to the before mentioned exercise, a visual confirmation shown to the patient upon correctly placing the
sandwich on the board would remain invisible due to the sandwich covering it entirely. Often,
such usability flaws were only discovered during actual therapy, causing patients to get stuck in
an exercise.
Therapists not only modified and created exercises for the TagTrainer system, but created and
adjusted physical objects that could be used in therapy as well. For example, one patient per-
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Figure 5.6 Four examples of exercises that were created by therapists during the study. In
clockwise order, starting top-left: pouring drinks from a bottle, dishwashing, window cleaning,
and opening a box of tea.
formed a training exercise in which a Velcro strip that was attached around the patient’s wrist had
to be moved in a circular shape on the board. However, due to spasticity, the patient constantly
performed forearm pronation, which was not intended. In response, the therapist ordered at
the clinic’s workshop the production of a cylinder attached to a disc-shaped piece of wood (see
Figure 5.7). This tool had a tremendous effect on the patient’s performance and made certain
exercises that were previously inaccessible manageable for the patient.
EUD practices
Therapists revealed different levels of engagement in creating exercises. For example, Tim gradually slipped into a consumer role [9]:
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Figure 5.7 A custom-made object for the TagTrainer system.
“I guess I’m the slowest of our group […], creating a new exercise takes me almost 30 minutes, which
I cannot spend on patient care.”
While therapists’ main motivation for using TagTrainer was uniform, namely to improve the
training quality, their line of thought for creating new exercises displayed subtle differences.
Marc and Mary stated that they would only develop new exercises that would match the requirements of a specific patient. For example, if a patient would express the wish to relearn the activity of window cleaning, they would think about a way to implement an exercise with TagTrainer
that could support this activity. In contrast, Tiffany’s starting point was technology-focused and
she was motivated to explore the possibilities of TagTrainer. She would, keeping her patients in
mind, start by identifying objects that could be interesting to work with in combination with the
TagTrainer system:
“While driving home yesterday, I was thinking about what objects I could use with the TagTrainer sys‑
tem. Then I thought of creating exercises with a book, which would suit for example [name of patient].”
Therapist and patient motivation
The act of creation has its influence on the satisfaction that therapists experience from using the
TagTrainer system. Mary explained:
“I got a feeling of satisfaction when [name of patient] showed his appreciation for the exercise that I had
created especially for him.”
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A specific patient was unmotivated to train initially when given the exercises that were included
in the initial setup of TagTrainer, describing them as “childish and not fun to use”. Suspecting this
was due to the generic nature of the exercises, Mary developed for the following training session
two exercises custom tailored to this particular patient. As she recalls:
“The patient initially was not motivated, so I asked him: what do you want? He wanted to train in pre‑
paring sandwiches. At that time, he wasn’t doing this at all, so I took a piece of foam and a knife, and
created the exercise. He told me after the weekend, that for the first time in 9 months he had prepared
his own sandwiches! I’m not sure whether this has caused it, but suddenly his motivation had increased.”
Another source of motivation for therapists was the creations of their colleagues. Upon witnessing the newest creation of his colleague, Tiffany jokingly remarked:
“That looks impressive, of course now I have to beat [your creation]...”
Although the remark was made as a joke, later that day Tiffany actually sat down to create a new
exercise for his patient.
Sharing of created exercises
Therapists had one TagTrainer system available per pathology, so they always had to share their
system with a colleague. Since exercises were stored locally, per system, this meant that all created
and modified exercise content was there to be shared amongst therapists for a given pathology,
without them having to take any explicit action.
Explicit sharing, consciously initiated by therapists towards their colleagues, happened only on a
modest scale during the study. Especially in the stroke domain, the therapists were often unaware
of the exercises that their colleagues had modified or created. However, in the SCI domain, the
participating therapists regularly witnessed occasions in which the other therapist was applying a
self-created exercise in therapy. Apart from informing them about the availability and application
of new exercises, this stimulated them to create new exercises themselves.
Exercise reuse
Therapists found it hard to identify the exact nature of the exercises that were available in the
system. For example, Tiffany remarked:
“I find it difficult to use the [TagTrainer] system in therapy, since I don’t know exactly what all of the
exercises entail. Just a name and a description are not enough for me to estimate, for example, how long
a patient would take to complete an exercise.”
The fact that it is hard to capture the exact nature of an exercise in just a couple of words had
also influenced the way therapists approached content that was produced by colleagues. Tiffany
remarked:
“I hardly try out any new exercises. I’d like to, but I feel that I shouldn’t experiment with this during a
patient’s therapy time.”
This touches on another, more general issue that was named by all therapists during the study:
time shortage. In the current situation, the clinic does not allocate time for therapists to work
on things that are not directly beneficial to a patient’s rehabilitation process. In other words,
although creating a new exercise might eventually contribute to a patient’s rehabilitation, it is not
directly beneficial and hence, strictly speaking, not part of the work that therapists are expected
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to perform. Still, the therapists managed to create 20 new exercises, mostly during the time that
was reserved for feedback on the study, as well as during breaks and after-hours.

5.4

Discussion

TagTrainer is a technology for upper limb training that allows for exercise variability and tailoring. The study focused on the acceptance of TagTrainer by therapists and the extent to which
they can adjust their practices to assume the role of exercise author that exercise ‘tailorability’
requires.

Usage
Previous research has shown that for rehabilitation technology to succeed, it is critical to identify
the target population for the technology and the point along the continuum of recovery where
the use of technology will be most efficacious [3]. It is worthwhile to examine the reasons that
made therapists decide (not) to use TagTrainer in particular therapy sessions. First of all, about
a third of the patients that received arm-hand therapy at the clinic, were deemed to have too
limited arm-hand function for the TagTrainer to provide a valuable therapy. Furthermore, because of the importance of exercise variability, therapists sometimes decided to offer different
therapy forms to patients who had earlier in the study been engaged in TagTrainer training.
Finally, it should be noted that during group therapy sessions, therapists would frequently have
several patients working with the TagTrainer over the course of the session. This means that the
number of individual treatments in which TagTrainer has been involved, is higher than the 34
sessions noted above.
Figure 5.1 shows that the system use increased halfway through the second week of the study.
This inference is supported by a positive trend in the reported behavioral intent, and self-efficacy
(see Figure 5.3). The suggested increase is corroborated by the finding that also the number of
exercises that therapists created increased (see Figure 5.2). As the interviews with the therapists
have shown, the creation process itself motivated the therapists in using TagTrainer. By engaging
in the creation and modification of exercises, therapists were able to adapt TagTrainer to the
needs of individual patients, thereby enhancing the utility of TagTrainer.
Although the therapists treating stroke patients indicated that keeping TagTrainer outside the
treatment room limited their motivation to use it, TagTrainer was used more frequently in stroke
therapy than in SCI therapy. Most likely, this is due to a generally higher volume of arm-hand
therapy sessions related to stroke, although exact numbers on this are not available.

Acceptance and Self Efficacy
Therapists indicated lower self‑efficacy for TagTrainer use in group training compared to individual training. This seems to be related to the amount of support that patients working with
TagTrainer currently require – in group sessions, such support is not permanently available.
However, in this respect, when anticipating future improvements therapists envisioned TagTrainer as a suitable technology for group therapy sessions. TagTrainer could monitor a patient’s
performance, providing therapists with extra time to attend other patients.
During this study, the therapists’ self-efficacy and their behavioral intent increased. The increase
in self-efficacy indicates that therapists can easily learn to use TagTrainer. The increase in behav-
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ioral intent suggests that after an initial training period, TagTrainer reached satisfactory acceptance among therapists.
On the other hand, the measures on performance expectancy, effort expectancy, and social influence showed virtually no variation over time. This was to be expected regarding social influence,
since the social context of use remained constant for the duration of the study. One would
however have expected effort expectancy to decrease, since TagTrainer was adapted during the
study to better fit the needs of the therapists. The low scores on anxiety are a positive indication
for the system though it could be attributed to the specific therapists who are early adopters.

Creation process
To the best of our knowledge this study is the first to examine and demonstrate the feasibility
of putting therapists in the role of authors of training exercises for rehabilitation technology.
Previous research points at the importance of patient-customized exercises [22] and sufficient
exercise variability [21,22], which necessitates this role shift, but until now no such technology
has been implemented as part of daily rehabilitation practices and the factors that will enable this
shift are not to this point understood. Exercise adjustment in related systems (e.g., [1]) typically
pertains to the tailoring of parameters of movements and targets rather than defining the very
purpose and nature of an exercise as is the case in the current study.
In this study it became clear how focused health professionals are on patient care and how this
determines the applicability of EUD practices in several ways. We identified key three challenges
for enabling EUD practices in a clinical setting: aligning with the revenue model of the organization, guiding end-user developers to ensure usability and software quality for their creations,
and providing support for retrieval and sharing of existing solutions developed by end users.
Aligning with the clinic’s revenue model
Physiotherapists and occupational therapists will not divert time from patients to programming
and do not spend much time behind a computer anyway, so the threshold for engaging in EUD
is higher compared to other domains where EUD has been attempted. Seeing how critical time
is for therapists it is interesting to consider how it trades off with the utility of the exercises they
create. Such a trade-off is captured in the attention investment model by Blackwell [4]. However,
this model is limited in that the decision to write a program is framed as an investment equation,
in which the expected payoff is compared to the investment and risk in terms of ‘units’ of attention. In the present case though, the utility of creating exercises extends beyond therapists’
attention to improving the motivation of patients, the intensity and the relevance of training to
their lives and enabling semi-independent training and group training.
Ensuring the quality of creations
Therapists do not have expertise in interaction design and might be unable to provide the level
of usability that is required by their patients without sufficient expert guidance. While more pronounced in this domain, this issue is of general importance and so far it has been overlooked by
current EUD literature. Further to usability, the quality of the software created is of particular
importance as inefficient or incorrect software creations might potentially harm patients or at
least fail to provide them any benefit. A challenge in the domain of rehabilitation is that training
content has to bear two levels of correctness: software quality (i.e. being ‘bug-free’ or being
usable as e.g. by [11,16]) and clinical effectiveness (i.e. helping rather than hampering a patient’s
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recovery process). A possible solution could be a system in which therapists rate creations of
their peers or an external body certifies created exercises.
Facilitating sharing and reuse
Overall, the results presented show clearly that therapists can act as creators of training content.
On the downside, they did not re-use existing content as much as expected. One of the cornerstones of the TagTrainer system is the possibility to share and reuse the exercises users create or
modify. Therapists can provide patient-tailored treatment, without themselves having to invest
time on conceptualizing and programming training exercises.
A surprising finding from this case study is that therapists were inclined to create entirely new
exercises rather than to modify existing exercises. It had been anticipated that therapists would
re-use exercises to save effort, and this was expected to be a way to pool resources and achieve an
economy of scale. In practice, some of the exercises created during this study were very similar
to exercises already available. One explanation is that participants could not efficiently evaluate
the applicability of training content created by their peers for treating their own patients (i.e. the
perceived costs of reuse were higher than the perceived benefits [4]). While one could hastily
dismiss this problem as an interaction design limitation that could be improved with iteration, it
remains that supporting searching, browsing, and retrieving earlier of solutions is a key enabler
for software reuse and one that is so far not explored systematically in the field of EUD.
The difficulty in re-using code and sharing code between programmers is well known [12], and
has motivated engineering practices such as component-based software development [20], API
usability [5], and at a more operational level commenting and documentation of source code.
However, it is questionable whether such engineering practices could be expected by professionals whose main responsibility is not software development. Even in the case of what Segal calls
‘professional end-user developers’ (i.e. “people who work in highly technical, knowledge-rich domains and
who develop software in order to further their professional goals”), such practices are uncommon and the
perceived costs of these practices are greater than their benefits [17]. Moreover, there are major
differences to how therapists will explain an exercise, versus what could constitute a suitable
documentation of the relevant software. Results from this study show that indeed one of the
most prominent problems that therapists encountered in the exercise creation process was the
translation between different ‘languages’ applying to their problem: i.e. handling the translation
between intrinsic meaning (what does the exercise do?), programming language (how was it
built?) and natural language (how can I explain it to a colleague?), see also [14,18].
During this study, a difference emerged in the way in which therapists from different pathologies shared exercises. One possible explanation for this difference is the fact that the therapists
working in the SCI domain were often present in the same room when one of them was working
with the TagTrainer system. Exercises that one therapist was using, were thus visible to the other
therapist. Another factor that may have influenced the amount of sharing is the number of patients that received TagTrainer therapy. The stroke rehabilitation group used the system with 10
different patients, while the SCI group used it with only three different patients. Because of the
limited number of different patients that were treated in the SCI group, the number of sessions
with the TagTrainer system per patient was higher than for the stroke group. Because the history
of performed exercises was kept for each patient, therapists could easily see which exercises the
patient had previously been doing with the other therapist. It is likely that this positively influenced the reuse of exercises by therapists other than the original creator.
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It is also interesting to note that cross-pathology sharing of exercises was not observed during
this study. Since the two TagTrainer systems used in this study were not mutually connected,
sharing across pathologies was not explicitly facilitated. However, given the responses of therapists during plenary feedback sessions in which they exchanged their experiences on creating
exercises, exploration of the option to facilitate the sharing of exercises in a wider context seems
valuable.
Previous research has indicated that insufficient time is a major barrier for therapists regarding
the authoring of training content [13]. Although the therapists found enough motivation to create exercises outside of their paid hours, this solution is neither sustainable nor scalable. From
an organizational perspective, management can support this shift by allocating time on creating
and tailoring exercises. From a system design perspective, rather than looking solely at easy to
use authoring tools and improving usability, a broader range of solutions need to be considered in future research. One solution that has been successful in the domains of open source
software development, Wikipedia, and other examples of crowd sourcing, is to establish and
support a so-called culture of participation [8]. In such a culture of participation, a community
that is centered on the TagTrainer platform would collaboratively maintain, extend, and modify
available content to make it of optimal use for rehabilitation therapy. This community would
consist primarily of therapists, but should also include stakeholders such as (clinical) technicians
and even patients, extending across multiple clinics, thus allowing rehabilitation centers to pool
solutions and resources.

Application to different pathologies
Thus far, TagTrainer has only been used as a part of the upper extremity rehabilitation of stroke
and spinal cord injured patients. Both patient groups suffer from paresis, muscle spasticity, and
coordination problems. However, this way of technology-supported task-oriented arm-hand
training might also be very useful in the rehabilitation of other neurological diseases with similar
arm-hand performance impairments, especially when task-oriented training has been found beneficial, such as in multiple sclerosis [19] and in cerebral palsy [6]. Investigations into the feasibility
of using the TagTrainer for arm-hand rehabilitation in these pathologies are ongoing.

Study limitations
Although the present study resulted in valuable information, which was collected over the relatively short time period of three weeks, it is expected that more insights into the adoption
of TagTrainer could have been gained in a longer study and in more sites. Caution should be
exercised in interpreting and generalizing the findings from this case. The provision of technical support by a researcher is not easily available in other clinics. Adoption of EUD in other
contexts might thus be more challenging, pointing to the need to provide an alternative support
infrastructure, such as a peer support community in line with the vision of meta-design and of
cultures of participation discussed by Fischer [7,10]. Future work should investigate what role
a supportive community (i.e. [7]) could play in addressing some of the challenges identified regarding EUD in a clinical setting. For example, if a community with members at different levels
of EUD engagement (e.g. users, modifiers, creators, etc.) would exist, what impact would this
have on the members’ perception of EUD tasks?
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5.5

Conclusions

This chapter presented a study on the deployment of TagTrainer in the context of a physical rehabilitation clinic, where it was used as part of therapy offered to patients after stroke and spinal
cord injuries during a three-week period. The aim of this study was twofold:
1. To introduce TagTrainer in arm-hand rehabilitation practice, and
2. To create an understanding about the issues surrounding the adoption of TagTrainer and
EUD.
During this study, therapists were able to learn and use the system effectively. With TagTrainer,
therapists assumed radically new professional roles as authors, editors, and potential publishers
of training content. This study has shown that this role switch is feasible, though it was found to
be contingent on several contextual factors, such as organizational support, physical and social
environment, support by peers, as well as technological factors, such as ease of use and availability of tools to monitor patient performance and progress.
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6. Further deployment studies of
TagTrainer
6.1

Introduction to this chapter

So far, in this thesis, I discussed the iterative design process of TagTrainer, and a first case study
in which TagTrainer was deployed in a rehabilitation clinic. This study revealed a number of
interesting findings about, amongst others, sharing and reuse of peer‑created content. Also,
significant improvements were made to TagTrainer during, and after this study (see chapter 2).
Although the first case study had indicated the feasibility of deploying TagTrainer in the context
of a physical rehabilitation clinic, a number of issues warranted the need for further deployment
studies.
Firstly, there was a question as to how specific the findings that were found during the first case
study were to that study. After all, individual rehabilitation clinics differ in their treatment philosophy, management style, patient population etc. More studies in different rehabilitation clinics
were thus deemed necessary to compare the influences of such individual factors.
Secondly, although TagTrainer was deployed in a context of real use, therapists were aided by the
researcher throughout the case study. In most realistic settings, such guidance will not be available permanently. Furthermore, the first case study lasted only for three weeks. It is quite possible
that different results will emerge over a prolonged period of use, where the use of TagTrainer in
therapy moves beyond an introduction phase. Another possibly confounding variable in the first
case study was the simultaneous introduction of TagTrainer as a technology for rehabilitation,
and
Finally, one of the original project goals of the WikiTherapist project was to create an online community that would enable the participation of therapists in disseminating, sharing and
co-creating software for therapy. Though the need for sharing creations within an individual
clinic was already identified during the first case study, potentially larger gains could be achieved
through an inter-clinic community. Such an online community will, however, only flourish and
provide benefits to its members, when sufficient members are a part of it (see e.g., [10,11]).
This chapter presents, in addition to the case study described in the previous chapter, three more
deployment studies of TagTrainer that aim to address the issues listed above. Note that in some
cases, data from the first case study is repeated, to facilitate comparison.

This chapter is based on:
[1] Tetteroo, D., Vreugdenhil, P., Grisel, I., et al. Lessons Learnt from Deploying an End-User Development Platform
for Physical Rehabilitation. Proc. CHI ’15, ACM (2015).
My contribution to this paper is in the conception, design and implementation of TagTrainer, in the conception and
planning of the studies, in the execution of the first and fourth case study, in the analysis of the data, as well as in the
writing and presentation of the paper. The execution of second case study has been performed by Paul Vreugdenhil,
the execution of the third case study has been performed by Ivor Grisel.
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6.2

Methods

In addition to the first case study presented in the previous chapter, three more case studies were
carried out to evaluate whether and how therapists can act as end-user developers of training
content, in the context of their daily work. These case studies lasted for five to eight weeks, and
took place in The Netherlands and Belgium, see Table 3.1.
An important motivation for the fourth case study was that the simultaneous introduction of
a new technological artefact and EUD practices in the first three case studies made it hard to
distinguish to what extent the observed practices related to the introduction of EUD, versus
the use of a new training technology. Therefore, a follow‑up case study was performed at the
clinic of the first case study, to see whether prolonged use of TagTrainer would cause a change
in EUD practices.

Participating professionals
Therapists working in the clinics could participate on a voluntary basis after agreement with
their management. In total 20 health professionals participated in the latter three case studies,
see Table 3.1. Participating therapists had no previous experience with TagTrainer, except for
two participants in case study 4, who had also participated in case study 1 (see chapter 5). The
participants’ computer experience was limited to using general office software, email, internet
and online social networks.

Materials
In the second and third case study, which studied initial deployment, two systems per clinic
were deployed consisting of one TagTile board connected to a laptop and an initial set of about
150 exercises that were ready to be used. In these case studies, the boards were available in a
space in between treatment rooms. The exercise set was iteratively improved between deployments. Importantly, beyond the initial set of exercises, the therapists were also provided with
the (unaltered) exercises created by therapists in earlier case studies. For the fourth case study,
upon request of the therapists, three boards were combined into a single system, providing the
therapists with greater flexibility in the design of therapy exercises. This system was placed on
a table with wheels such that it could be moved between the two treatment rooms in which the
participating therapists worked.

Procedures
The procedures for the three studies varied slightly, gradually reducing the involvement of the
non-clinical researchers.
In the second and third case study, therapists received at the start of the study a two‑hour long
introduction to the TagTrainer system that included simple hands-on practice. One week after
the start of these studies, therapists received additional training for the creation and modification
of therapy exercises. Therapists were free to decide whether and when they would use TagTrainer during their therapy sessions.
In the 2nd and 3rd case study, the researcher was present one to three times weekly for trouble
shooting, observations, and situated interviews. In the fourth case study, the researcher was only
present for initial training, data collection, and remote technological assistance.
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Case study 1

Case study 2

Case study 3

Case study 4

Total

Participants

4

5

9

6

24

Exercises carried out

*

203

171

92

*466

Training sessions

34

50

34

28

146

Patients treated

13

19

5

8

45

New exercises

20

3

11

1

35

3

1

0

1

5

Modified exercises

Table 6.1 Usage and EUD data. *Software used in case study 1 did not allow for logging use
of individual exercises.

Measures
The following measures were used in my case studies (described in more detail in chapter 4):
•

Automated logging

•

Questionnaires measuring:

•

-- Self-efficacy
-- Technology acceptance
-- Credibility and expectancy
Observations

•

Interviews

6.3

Results

Quantitative results
Table 6.1 shows the most important data on TagTrainer usage and exercise creation / modification. Table 6.2 shows the results from the questionnaires. The UTAUT scores for effort expectancy, facilitating conditions and behavioral intent were slightly above average for all case studies.
Social influence and performance expectancy were slightly negative in all case studies. Overall,
little change was observed over the course of each case study. Only during the second case study,
behavioral intent dropped significantly as was shown by a Wilkoxon signed-rank test (Z=-2.041,
p<0.05). Interviews revealed that therapists in this case study were unaware that the TagTrainer
systems would remain at their clinic post-study, hence they gave low scores for behavioral intent.
Credibility scores were between neutral and positive, while expectancy scores ranged from neutral to slightly negative. Overall, self-efficacy increased significantly in all case studies apart from
the fourth, where it decreased somewhat from moderately high to neutral. However, when excluding one participant not actively involved for the last part of that case study, the results show
a slight increase in self-efficacy (M=69.2, SD=9.3). The low score at the start of case study 3 is
caused by the therapists’ interpretation of the questionnaire; since they had not yet worked with
TagTrainer, they gave a score of 0 for all self-efficacy questions at the start of the case study.

Further deployment studies of TagTrainer

89

Case study 1

Case study 2

Case study 3

Case study 4

Effort expectancy

start
end

5.20 (1.39)
5.30 (1.08)

4.70 (0.76)
4.60 (1.14)

4.60 (1.18)
5.00 (0.71)

5.00 (0.57)
4.00 (1.04)

Facilitating
conditions

start
end

4.60 (1.27)
4.80 (1.47)

5.10 (1.08)
4.80 (1.20)

4.50 (1.22)
4.90 (0.48)

5.00 (1.14)
5.00 (1.49)

Behavioral intent

start
end

4.80 (1.29)
5.50 (1.23)

6.00 (1.00)
2.00 (1.00)

4.50 (0.93)
3.80 (2.22)

6.00 (1.09)
5.00 (1.91)

Social influence

start
end

3.90 (0.78)
4.00 (1.34)

2.50 (1.27)
2.20 (1.30)

4.40 (1.20)
3.90 (0.25)

3.00 (1.15)
3.00 (1.58)

Performance
expectancy

start
end

3.60 (1.03)
3.80 (0.98)

2.60 (1.47)
1.70 (0.76)

3.30 (0.92)
3.30 (0.87)

4.00 (1.04)
3.00 (1.19)

Credibility

14.8 (5.70)

19.5 (3.11)

n/a

18.0 (3.60)

Expectancy

10.1 (3.00)

13.9 (5.22)

n/a

11.0 (5.60)

52.3 (37.60)
75.4 (19.10)

23.2 (14.20)
64.1 (13.50)

0.0 (0.00)
61.7 (3.94)

61.7 (11.00)
54.6 (32.10)

t=-2.356
p=0.05

t=-3.434
p<0.05

t=-68.783
p<0.001

t=0.439
p=0.704

Self-efficacy

start
end

Self-efficacy
t-test start/end

Table 6.2 Means (standard deviations) for UTAUT, credibility, expectancy and self-efficacy.

Motivation towards EUD
The three case studies described in this chapter resulted in a lot less exercise creation than the
first case study described in the previous chapter. One possible explanation could be a possible
‘demand effect’ (see [12]) because therapists were instructed on how to modify and create therapy exercises with TagTrainer, regardless of their actual need to do so. To probe whether EUD
practices could develop spontaneously, participants in the fourth case study were instructed on
how to create exercises only upon their specific request.
Although therapists created and modified exercises, therapists from case study 2 mentioned that
this took a considerable share of the already limited time they had for patient treatment. Despite
the benefits they expected for training patients, they would not be willing to divert time from
patients to programming in the future. As they do not spend much time behind a computer, for
therapists the threshold for engaging in EUD was higher compared to office workers with whom
EUD is typically studied [9].
Furthermore, therapists remarked that many of the exercise modifications they required could
be achieved in less time by using different objects, or by modifying the physical context in which
the systems were located (case studies 2 and 4).
In case study 3, where therapy sessions often involved one therapist attending to multiple patients simultaneously, therapists indicated that TagTrainer allowed patients to work independently, which gave therapists the opportunity to look after other patients. They also indicated to be
content with the option to create patient-tailored exercises. One therapist remarked:
“The return-on-investment is clear to me. By creating patient-tailored exercises, I can have patients work
independently. For example, I might spend five minutes on the creation of an exercise. If a patient uses
the exercise twice for five minutes, I save five minutes.”
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Figure 6.1 A therapist experimenting with using TagTrainer for lower limb training.
In case study 3, therapists were spontaneously and actively exploring the limits of what they
could use TagTrainer for. For example, one therapist created an exercise in which TagTrainer
was placed on the floor and used to train a patient’s legs rather than his hands (see Figure 6.1).
In another case, a therapist created an exercise in which two patients would train together; the
exercise was designed so that it would only progress if both patients would perform a given
movement. Although not planned by design, the technology supported these uses. However,
therapists in the fourth case study doubted the usefulness of TagTrainer for lower-limb training.
Mostly therapists were content with the existing set of generic exercises and saw no need for
additional ones (except for personalized exercises). In case study 4 however, some therapists expressed a wish for more generic exercises, especially ones that would use all three TagTile boards.
In case study 4, the two therapists with previous TagTrainer experience were regarded as experts
in exercise creation, both by themselves and by their colleagues. These therapists were willing to
support colleagues and even create exercises for them, provided that they would receive managerial support, and time would be reserved for these activities. One of the expert therapists had
even trained an intern in exercise creation with TagTrainer, without this intern having received
any training by the researchers. The decision to train an intern was fueled both by the therapist’s
drive to spread knowledge about TagTrainer, as well as the intern’s curiosity. Therapists also
sketched another scenario for exercise creation: the appointment of a dedicated ‘technology
manager’. This person, not necessarily a therapist, but someone within the clinic and knowledgeable about rehabilitation therapy would be assigned the task of creating and modifying exercises.
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Sharing EUD creations
Therapists expressed varying opinions about sharing custom-created exercises. They reported
that in principle they had no objections to sharing their creations with colleagues within or
outside their own clinic, as long as other therapists would share as well. One participant (case
study 4) especially liked the idea of other therapists being able to review the exercises that she
created, such that she would learn to create better exercises. However, they doubted the further
usefulness of sharing, since they expected that working out the details of a colleague’s exercise
would cost them more time than creating an appropriate exercise from scratch. Additionally,
participants expected that a lack of knowledge about the local patient population would make it
harder for external colleagues to interpret the meaning and value of a given exercise. Rather than
sharing exercises, therapists proposed an inter-clinic collaboration aimed at identifying ‘gaps’ in
the exercise database that could be filled by the therapists themselves.

Reuse
One would expect therapists to prefer the use of existing exercises over creating new exercises.
Paradoxically, therapists were less enthusiastic about reusing peer-created exercises. For example,
one therapist in case study 3 remarked:
“Finding out the details about a peer-created exercise would take me more time than creating a suitable
exercise myself.”
Therapists expected reuse to be difficult, since exact knowledge about an exercise (e.g., tag
placement on an object) is required to get the desired effects of an exercise. Additionally, they
envisioned problems in standardizing the categorization of exercises. Nevertheless, they used
extensively the exercises pre-installed in TagTrainer at the start of the case study, which had been
created by other therapists.

6.4

Discussion

I have examined the challenges surrounding the introduction of EUD to support therapists in
creating and customizing exercises on TagTrainer, a tangible interactive platform for rehabilitation training. Contrary to situations where EUD practices emerge bottom up, amongst communities and individuals with a high exposure to informatics, the context of rehabilitation training
is characterized by relatively low familiarity and affinity to programming and informatics, and by
a higher level of formality and management involvement in inserting new technologies in daily
work. Still it is a professional context in which many major benefits can be reaped from EUD,
because of the need to tailor training programs to individual patients and local clinical practices
of highly specialized and trained professionals.
By means of four case studies I studied the deployment and adoption of TagTrainer. The aim
of these studies was to identify the factors that influence therapists’ decisions to engage in EUD
practices. In all case studies the results of the UTAUT questionnaire show a positive acceptance
of TagTrainer: therapists used TagTrainer extensively as a tool for daily therapy, illustrating the
potential of tangible rehabilitation technology. Furthermore, I have demonstrated the feasibility
of EUD in a clinical environment, as in all four studies new exercises were created independently
by participating therapists. These exercises complemented the collection of exercises available to
them at the start of the case study period, and matched the needs of the specific patients they
were working with.
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Interestingly, my studies revealed several challenges that need to be overcome before therapists
engage successfully in EUD. Therapists reported to be confident about their EUD skills; nevertheless, the amount of development taking place in the three latter studies was less than had
been anticipated based on the initial deployment study. Over a combined duration of 21 weeks,
the 20 participants from the three latter studies created just 15 new exercises, compared to 20
new exercises in three‑week long first case study. Furthermore, the results on self‑efficacy and
the reported and observed EUD behavior are remarkably consistent amongst all three latter
studies, despite considerable differences of culture, healthcare system, socio-technical context
and deployment strategy.
In the following paragraphs I discuss more closely the EUD related decisions that my participants have been making, and the options that I provided them through the deployment of TagTrainer. Finally, I discuss, based on my experiences and previous work, the need for deployment
guidelines for designers of future EUD environments.

To develop or not to develop – that is a question
My studies have provided many examples of end‑users that faced decisions related to EUD.
These decisions often had the nature of a trade‑off: the user would face a number of options
with different costs and benefits, from which the best option needed to be selected. Often,
these choices were not binary, but multinomial. For example, a therapist might face the need
for a patient‑tailored exercise. At this point, the therapist might have the following four options:
modifying an exercise in his collection to fit the patient’s needs, creating an entirely new exercise,
finding a matching exercise created by a colleague, or taking an existing exercise and accept that
it is non-optimal for the patient.
The Attention Investment model by Blackwell [1] considers the decision of end‑users to engage
in programming on a cognitive level. Blackwell argues that people constantly have to evaluate
the tradeoff between investing time in automation and performing a task manually, since our
cognitive resources are limited. However, Blackwell’s model takes the perspective of a single user
facing a very clear and well-contained choice. Many EUD systems, such as TagTrainer, are part
of more complex socio-technical environments where decision options become fuzzy. Although
a similar tradeoff plays out in my case studies, I think the factors involved transcend the cognitive effort as discussed by [1]. Further, a positive evaluation of the tradeoff may not be enough:
my participants indicated that they see a positive return-on-investment for EUD activities with
TagTrainer regarding the effort they spend on it. In the terms of [1], the cognitive resources
spent on creation activities are perceived to be less than the resources that they would spend to
train patients without TagTrainer. Still, therapists often did not engage in EUD activities because
of external reasons: for example because the clinic’s management did not free them from part
of their regular activities to perform EUD activities.
On the other hand, therapists saw the opportunity to provide patients with better treatment by
offering patient‑tailored exercises with TagTrainer. Therefore, an alternative tradeoff appears
to emerge between the treatment quality versus compliance with the culture of the clinic and
performance indicators adopted by the management (in this case maximizing the therapists’ time
allocated to patient treatment). This tradeoff is not about efficient use of one’s cognitive resources, but cost-benefit equity at an organizational level. The presence of other factors beyond
end‑users’ cognitive resources that influence their decision to engage in EUD implies that units
of attention, the ‘currency’ used in the Attention Investment model, might not be the only one
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for determining an end‑user’s decision to engage in EUD in context. Examples of non‑cognitive
factors that influenced therapists’ decisions to (not) engage in EUD are plentiful: managerial
issues, caring about a patient’s wellbeing, plain curiosity, etc.
Such a broader perspective on EUD practices has been discussed by Fischer et al., in their manifesto for end‑user development [4]. Based on results from several surveys, they propose a model
which, further to the trade‑off between user costs and user motivations, acknowledges management issues, context issues, technology etc. Fischer et al. [4] argue that critical success factors
for the adoption of EUD depend very much on the domain considered. In cultures with high
end‑user motivation and low managerial influence (such as in engineering and scientific domains,
or creative communities), EUD practices might simply develop by end-users taking development
into their own hands. In other cultures that are usually the domain of non‑information workers [17],
a larger distance has to be bridged for EUD to take place. The unifying property that characterizes this latter group is that interacting with computer technology is not the main focus of its
members’ work, with the majority of their work happening off‑screen, embedded in social interactions, communicating, observing etc. (e.g., primary school teachers, rehabilitation therapists).
My study seems to confirm Fischer et al.’s argument in [4] that for domains dominated by
non-information workers in general, contextual and managerial issues play a large role in an
end‑user’s decision to engage in EUD. Further the model of [4] is in line with general models
of technology acceptance [18] and the more general model of theory of reasoned action (TRA,
[6]); contrary to the literature on technology acceptance, there has been little attempt to validate
this model quantitatively. On the one hand this calls for future empirical research to fill this gap.
On the other, I note that technology acceptance models provide little guidance to designers as
to how to design EUD technology to ensure acceptance. Therefore, in the following paragraphs
I elaborate on some of the tasks that my participants faced, as well as on the particular design
choices that enabled my users to perform these tasks.

End‑user tasks in EUD environments
Using existing exercises
Some therapists remarked that because a substantial set of exercises was already available, there
was less of a need to create new exercises. Although not all participants shared this opinion, it
highlights an important design decision that was made for the deployment of TagTrainer. An
initial set of about 150 exercises was included upon deployment of the TagTrainer systems in my
studies. These exercises were developed in close collaboration with therapists, to cater for a set
of basic arm‑hand therapy demands. The idea was that, as described in [5], these exercises would
act as the ‘seed’ from which TagTrainer could grow, through the development of additional exercises by therapists. In hindsight, it might have been that my ‘seed’ had satisfied the current demands of some therapists – thus the system that I deployed was not sufficiently ‘underdesigned’
[4] for EUD practices to occur amongst all therapists.
Reusing others’ exercises
While therapists found exercise reuse beneficial in principle, they feared that assessing whether
the content of peer-created exercises was suitable for any particular patient would take longer
than it would take them to create an exercise from scratch. The difficulty in re-using code and
sharing code between programmers is well known [7], and has motivated engineering practices
such as component based software development [16], API usability [3], and at a more operation-
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al level commenting and documenting of source code. However, it is questionable whether such
engineering practices should be expected by health professionals. Moreover, there are major differences to how therapists will explain an exercise, versus what could constitute a suitable documentation of the relevant software. Indeed one of the most prominent problems that therapists
encountered in the exercise creation process was the translation between different ‘languages’
applying to their problem: i.e. handling the translation between intrinsic meaning (what does the
exercise do?), programming language (how was it built?) and natural language (how can I explain
it to a colleague?), see also [13,14].
Though therapists voiced negative opinions concerning exercise reuse, these opinions form an
apparent discrepancy with the behavior displayed by participants. The therapists’ attitude would
lead one to expect that therapists would engage vigorously in EUD and use their own exercises,
rather than those made by others. However, for most of the training carried out during the case
study, participants relied on the exercises already available in the TagTrainer system.
There could be several explanations for this, the most obvious one that attitudes do not always
succeed in predicting behavior, which is emergent and contextualized. Another one would be
that software creation was just not thought to be feasible in the time available for training a
patient (one session typically lasts 30 minutes). Perhaps a therapist would need more time to
organize a training session in such a way that creating a new exercise would not take away any
training time from the patient (e.g., while the patient is carrying out another task). Consistent
with the TRA, a person’s belief in their ability to engage in a specific behavior is a major predictor of them actually engaging in it. But this belief depends on a very specific behavior and
context (following the behavior compatibility principle discussed in [6]), rather than the more
general conception of self-efficacy of EUD that was measured in this case study.
An alternative explanation is that my own expectations of what constitutes re-use are different
than those held by therapists. Surely, the ‘ready exercises’ that were made available in TagTrainer
at the start of the studies described here, had been tested and refined to remove technical or
usability errors. However, these exercises also had been developed by rehabilitation therapists.
Could then the therapists’ reservations towards reusing end-user software be a matter of perception regarding the software creation process and trust towards its outcomes, rather than having
its roots in any negative experiences?
The intent to use TagTrainer is largely affected by its perceived credibility and this seems to
be, at least in part, influenced by the perceptions therapists have about how it was created. For
example, evidence of clinical effectiveness in terms of clinical trials was often mentioned as a
prerequisite for using TagTrainer, which is consistent with the standard approach for implementing technology in healthcare [8]. Even though pre-installed exercise content was to my eyes
the product of EUD as much as what was created during the study period, therapists perceived
this very differently. Future research should shed light into these considerations by measuring
credibility and expectancy specifically for end-user developed software itself, versus software
that others have created. It should also consider how end‑users evaluate any curation process by
software professionals. More generally, technology acceptance models for EUD need to account
for perceptions of the software creation process held by end-users.
Modifying exercises
An interesting phenomenon that occurred in all of my studies was the modification of therapy
exercises by substitution of the physical objects involved. The ‘tags’ included in TagTrainer can
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quickly be attached to any object of choice, and thus allows therapists to use different objects
with the same exercise software. Therapists remarked that these ‘modifications’ allowed them to
create patient-tailored exercises without the need for delving into the software, thereby allowing
them to save time. Although traditionally the physical modification of TagTrainer would not be
considered EUD, I argue to broaden the scope of this term for interactive physical systems [17].
I believe that the possibility of physical modifications has facilitated the EUD engagement by
smoothing the transition between exercise consumerism and exercise creation.
Creating new exercises
Not all customization needs can be addressed by just using different physical objects. For example, in the fourth case study, two existing TagTrainer systems with each one TagTile were merged
into a new system with three TagTiles. However, all pre-installed exercises had been created for
a single-TagTile system and did not make use of the two additional TagTiles. Therapists felt
that more multi‑TagTile exercises were required – especially for training the relatively skilled
patients. Still, only two new exercises were created for the three-board TagTrainer system during
the fourth case study. Therapists remarked that, although they had a need for new exercises, they
were unable to create them because they would not divert from patient treatment to engage in
exercise creation. They suggested, beyond providing them with time dedicated to the development of new exercises, to employ a dedicated TagTrainer responsible with whom they together
could develop new exercises.
Cabitza et al. have recently proposed such an extension to the meta-design paradigm, in which
a maieuta‑designer (derived from maieutics, a Socratic form of inquiry and discussion between individuals) acts as a complementary role to the meta‑designer [4], but “more oriented to the social aspects
of EUD practice than to the technical ones” [2]. Such a maieuta‑designer would be tasked with facilitating the shift from consumerism to EUD on a social and managerial level, just as a meta‑designer
does on a technical level. This relates to the role of contact person that Spahn and Wulf [15] have
introduced in their work on the deployment of an EUD environment in mid‑sized German
companies. The contact person acts as an evangelist, promoting and supporting the use of an
EUD environment, and assisting end‑users in the creation of new software artifacts.
Curation
In all studies, therapists remarked that it was hard to find the right exercise for a particular
patient. Although exercises are described and categorized by means of a title, a category and
keywords, therapists had difficulties finding applicable exercises. One reason was the lack of a
uniform classification scheme to categorize and describe exercises; as a result, suitable exercises
might have been available, but would not be found because therapists described their needs in
terms different from those used in exercise descriptions. Furthermore, the value of certain exercises was contested by some therapists. For example, therapists who were part of the third case
study had developed exercises that used TagTrainer for training a patient’s legs. However, when
therapists from the fourth case study were confronted with these exercises, they dismissed them
as being ‘not useful’, and ‘not in line with their intended use for TagTrainer’.
These notions indicate that there is a need for curation in EUD environments like TagTrainer.
This curation, that relates to the ‘reseeding’ phase in Fischer et al.’s SER model [5], could be implemented in many different ways, such as through a community review, by a dedicated curator,
or by an external validation body.
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Success or failure?
Although the adoption of TagTrainer as a rehabilitation technology can be considered successful
by all means (e.g., usage statistics, questionnaire ratings), it is hard to qualify its success as a tool
for EUD. After all, what constitutes a successful EUD deployment? If it is simply a high number
of EUD creations, then what would be the minimal value for this number to declare success?
Indeed, the sheer number of EUD creations in my studies (n=40) was somewhat limited compared to the number of participants (n=24) and the lengths of the case studies. I argue however,
that such numbers have little value in determining the success of an EUD deployment. Rather, I
think that the success of an EUD system depends on its impact on the goals its users want to accomplish. In my case, EUD did help therapists to provide personalized training content to their
patients - a goal that could not have been achieved without EUD. Whether more patients could
have been helped, and whether the efficiency of the EUD process could have been improved
are equally important questions, though currently hard to answer.
The difficulty in defining the success of TagTrainer as an EUD environment illustrates the discrepancy between my expectations as researchers and designers (success meaning widespread
uptake of EUD activities) and those of the my end‑users (success meaning improved treatment
quality and efficiency). Acknowledging the existence of this discrepancy for the larger EUD
community (and in particular in environments with non-information workers) should be a first
step towards a set of guidelines for future EUD deployments. Currently, such guidelines are
lacking, and the result of EUD deployments is based largely on the experience and intuition of
the researchers, rather than scientific evidence. I call upon the research community to collect
experiences from EUD deployment studies and to use these experiences to formulate a set of
general guidelines for the deployment of EUD environments.

6.5

Conclusion

This chapter presented three case studies on the deployment of TagTrainer, extending from
five to eight weeks, in three different rehabilitation clinics located in two different countries.
Through these field studies, I have gathered significant experience in what it means to deploy
EUD environments in the context of a domain that is dominated by non‑information workers, such
as rehabilitation therapists.
The case studies have revealed the relatively large influence of external (e.g. managerial and
contextual) factors on an end‑user’s decision to engage in EUD practices. They have also shown
that what constitutes end-user development is different from the first person perspective of
the therapist compared to what I anticipated, showing how important their perceptions and
evaluations of the software creation process are for adoption. For improving the EUD systems
created, more attention needs to be paid towards guiding end‑users to address usability, as well as
towards supporting the browsing, locating, and comprehension of existing solutions.
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Part 3
Reflections
In the previous two sections, I have discussed the design and deployment of TagTrainer, an interactive end-user extensible technology for physical rehabilitation. The chapters in the current
section build on the work presented in the previous chapters, in that they provide reflections
upon the findings that were presented earlier.
Specifically, the following chapters reflect on:
•

Chapter 7: the implications of applying EUD principles to interactive tangible technology.

•

Chapter 8: the implications of designing technology that is used by stroke patients.

•

Chapter 9: how deployment studies that have been conducted previously by other researchers evaluate the success of EUD deployments, how that compares to the evaluations presented in this thesis, and what would be of interest in such evaluations.

7. Implications of applying EUD
principles to interactive tangible
technology
7.1

Introduction to this chapter

Traditionally restricted to software systems, EUD is bound to be extended to Tangible and
Embedded Interfaces (TEI), systems that blend interactive computing with the physical world,
where tangible objects and wearable computing devices give a physical and embodied dimension
to interaction. To achieve deployment in real life settings, TEI, even more than traditional user
interfaces, depend on the input of users to be adapted to their body, their physical environment,
their personal needs, context, and subjective preferences.
In many ways, the field of TEI is at a similar state of affairs as the graphical user interfaces were
in the mid-eighties, with the appearance of some first commercial products and the appearance
of toolkits (e.g., Xtk) and libraries (e.g., Xlib) that could package reusable solutions and hide
complexity from the developer. Technologies that democratize the development of TEI even
further are growing in popularity, enabling the application of TEI in different domains such as
education, physical therapies, and digital homes. Arguably, this potential can be even further leveraged by enabling domain experts in these fields (such as teachers, therapists and home owners)
to act as end-user developers in order to modify and create content for their tangible interactive
systems.
As I am concerned with the diffusion of TEI technologies beyond informatics experts and
research labs, end-user developers are seen here as individuals who cannot be assumed to be
trained programmers. Furthermore, as professionals, their role, activities, and tasks are not related directly to software development. Rather they can be assumed to be experts in a particular
professional domain, who stand to benefit from the adaptation or creation of software to facilitate others. For example, we might consider educators adapting systems to educational content
and the needs of individual learners, health workers facilitating patients to use technology as part
of an individualized health regime supported by technology, etc.
This chapter discusses the key issues facing end-users who wish to design and develop their own
TEI solutions. Note that this is a broader context than that of tangible programming (i.e. where
tangible interfaces are used to perform programming tasks, e.g., [18]). Rather than just ‘programming with tangibles’, I consider end‑user development for tangible interactive systems.
In the remainder of this chapter, two cases studies are discussed: one case study on TagTrainer,
and another case study on RaPIDO [23], a rapid prototyping platform for interactive outdoor
games that was developed by Iris Soute (TU/e). From these cases five key challenges are idenThis chapter is based on:
[1] Tetteroo, D., Soute, I., and Markopoulos, P. Five Key Challenges in End-User Development for Tangible and Embodied Interaction. Proc. ICMI ’13, (2013).
My contribution to this paper is in its conception and presentation, as well as in writing the parts related to TagTrainer
and the general parts that are not specific to either TagTrainer or Rapido.
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Figure 7.1 An example of end-user development as part of a broader user vs. developer spectrum.
tified that should be considered by designers of EUD technologies for TEI. These key issues
are illustrated with examples from relevant research in the fields of end-user development and
tangible and embodied interaction, as well as from my own research on TagTrainer and RaPIDO.

7.2

Defining end-users

In their definition of end-user programming Ko et al. [15] describe the end-user as ‘simply any
computer user’. Whilst such a general definition is certainly useful in bridging the different lines
of research in end-user programming, it also carries the risk of over‑generalization. After all,
there is a large difference in the use of computer technology between, for example, a system
administrator and a primary school teacher. Both are computer users, but the role of computer
technology in their profession differs substantially.
Much EUD research in the past has focused on end-users whose primary tasks involve the use
of computer software (such as spreadsheets), i.e. so-called information workers. The focus of this
chapter is on end‑users that are non-information workers, e.g. primary school teachers and rehabilitation therapists. Such professionals have high domain-specific expertise which is necessary
for creating, adapting, and personalizing technologies, but their function does not traditionally
include the role of technology developer/programmer.
Furthermore I think that for EUD a distinction needs to be made between the ‘end‑user’ in the
sense of the person who performs development activities, and the ‘end-user’ in the sense of the
person who uses the product of these development activities. The traditional view on end‑user
development is one in which professional developers create a technical environment in which
end‑user developers modify and create software for their own personal use. However, in many
cases the spectrum of stakeholders that are involved in this process will be much broader. For
example, a technology provider sells a small robot intended for classroom use. Such a robot is
purchased by a primary school, where the teachers modify and create software for the robot, in
order to accommodate the robot’s training programs to the needs of individual pupils in their
classes. In this case, although teachers are clearly involved in end‑user development activities,
they are not the clients or end‑users of the products they create.
In this example, my end-user developers are professionals in education. These professionals
adapt technology for their end-users (their clients, i.e. pupils) as is visualized in Figure 7.1. The
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technology provider, the teachers and the students from this example are positioned on a continuum that ranges from (meta‑)developers to users, as has been proposed in meta‑design theory
[9].
Below, I describe two cases from my own research and that of Iris Soute, which illustrate my
end-user. Each case describes a typical use scenario, the technology that was used and touches
upon the challenges that arise from the case.

Rehabilitation training
The first case concerns the use of tangible interaction for supporting arm-hand training for
patients with impairment of their upper extremities. A therapist at a rehabilitation clinic uses the
TagTrainer platform to provide her patients with rehabilitation training. Therapists can create
their own exercises for the platform by adorning arbitrary physical objects with RFID tags and
by programming the exercises using the relevant software application, allowing for patient-centred training content. Exercises usually require patients to manipulate one or more tangible objects in a particular way, while the platform provides feedback on their performance.
Let us consider a real example of end-user development from one of my case studies: Today’s
patient is recovering from a stroke, and wants to train in handling his wallet and money. Since the
therapist wants to provide patient-centred training, she decides to use the patient’s own wallet for
the exercise. She quickly adjusts an already existing training exercise to work with the patient’s
wallet and to better fit his skill level. Finally, within minutes the patient is able to train handling
money with his own wallet, while receiving feedback from the system on his performance.
While facing the ‘regular’ challenges related to EUD, the therapist in this case faces a number
of additional challenges. Firstly, the amount of time that the therapist can spend on the modification of a training exercise is extremely limited. Therapists are paid for patient treatment, and
the more time therapists spend on auxiliary tasks like training preparation, the less time remains
available for treating patients. Additionally, in contrast to the traditional notion of EUD, in
which a user creates software mainly for her own purpose, the product of the therapist’s creation
is not used by herself, but by her patients. This requires her creation to not only have therapeutic
value, but also to offer sufficiently understandable interactive qualities such that it can be used
by her patient.
Another challenge that the therapist faces, is the incorporation of a patient’s personal objects in
the exercises that she creates. Rather than drawing from a static collection of pre-defined objects,
the therapist needs to be able to incorporate any physical object into the software she’s creating.

Interactive game design
The second example comes from research in supporting the design of outdoor games for children. The RaPIDO platform [22] consists of a set of interactive player devices (see Figure 7.2)
that can provide light, audio and vibration feedback. Furthermore, the units can measure their
relative distance to other units and can detect RFID tagged objects. Children can take these devices outdoors to play outdoor games, similar to tag and hide-and-seek, though now enhanced
by interactive technology. Currently, games have been designed by interaction designers and
evaluated with children [23]. Eventually, these games could be designed and implemented by, for
example, scout leaders. What follows is an example scenario of how this could unfold: every Friday evening a group of children attend their scout meeting. For each meeting the scout leaders
come up with activities to do.
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Figure 7.2 RaPIDO units.
Today, the scout leaders want to create a capture-the-flag type of game. The game is to be played
in teams of three players, and the players must search the woods for objects that have been hidden by the scout leaders. Therefore, the scout leaders program the units in such a way that each
group receives a unit that will help the group find the hidden objects. Furthermore, the scout
leaders program another set of units as the objects that must be found. These units they hide in
the woods. The hidden units broadcast a signal that, when the searching units are within range,
will pick up. The searching units will show a color according to the distance they are from the
hidden units: the color goes from red through orange and yellow to green, based on the distance
to the hidden units. This way, the children can ‘navigate’ their way to the hidden units.
As in the case of TagTrainer, in this context the scout leaders have to face the ‘regular’ end-user
programming challenges. But again, additional challenges that specifically relate to the context
of TEI come into play. For example, the software runs on the units, on the embedded processor,
which makes it typically difficult to debug the code. Furthermore, the units can communicate
with each other (using XBee processors). When creating games, a challenge for the scout leaders
is to correctly identify which unit to address, or, when larger games are built, to add units.

7.3

Five key challenges

Based on literature and the cases that have been described in the previous section, I identify five
key challenges for researchers and meta‑designers of end‑user extensible tangible and embodied
systems:
1. Integrating the virtual with the physical
2. Manufacturing physical artifacts
3. Supporting end‑users in designing interactivity
4. Anticipating for non-information workers
5. EUD within a social-technical context
The first three challenges are matters that are specific to the domain of tangible and embodied
interaction and in which, I argue, meta‑designers should support end‑user developers. The latter
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two challenges are of a more general EUD nature, but carry special importance for the domain
of tangible and embodied interaction.

Integrating the virtual with the physical
Shaer and Jacob stated that one of the most fundamental challenges to the developers of Tangible User Interfaces (TUIs) is the conceptual integration of the virtual and the physical [21].
Whilst this is the case for professional developers, for end‑users this challenge is even greater,
since they are already challenged by (software) development in general.
In this sense, end-user development of tangible systems goes even beyond that of purely digital
information systems, since end-users might be enabled to modify and extend a system in a physi‑
cal sense as well as in a digital sense. For example, the TagTrainer system can be digitally extended
by designing new training exercises that demand patients to manipulate physical objects in a particular way. However, therapists may also choose to incorporate the use of new physical objects
that are particularly suitable for a given patient, hereby extending the system in a physical sense.
The challenge here lies in the conceptual and technical integration of these physical objects with
the system’s software. Conceptually, therapists need to be able to understand how the physical
properties of objects can be leveraged in the training exercises that they design. For example, if
a patient’s task is to manipulate an object placed on a surface through wrist rotation, the difficulty
of the task heavily depends on the physical object that is used. A cube needs to be lifted before
it can be turned, whilst a ball can simply be rolled towards its target orientation. The conception
of the exercise and the manipulation of physical objects fall within the range of expertise of
therapists; however, mapping such conceptions to manipulations of objects that are possible to
register/sense reliably with the target technology and effecting this mapping, is a typical design
or engineering task they cannot be assumed to be ready for. End-user development platforms
need to provide appropriate support to make such a task accessible to non-experts.
Beyond the conceptual challenge, there is also a technical challenge in systems that can be physically extended. Since tangible interactive systems are all about the interplay between the physical
and a digital environment, allowing these systems to be modified or extended implies that these
systems need to support end-users in linking these environments. Continuing from the previous
example, if a therapist wants to use a new physical object for a therapy exercise, a model of this
physical artifact somehow needs to be incorporated in the digital environment. Only by having
some knowledge about the new physical object, the system can provide an appropriate response
to a patient manipulating the object.
Ullmer and Ishii [24] identified the coupling of physical representations to underlying digital
information and computational models as a key characteristic of TEIs. They describe two methods for coupling tangible objects with the underlying digital information space: static binding, in
which the coupling is defined at design time, and dynamic binding, in which the coupling may be
changed (by the end‑user) through the interface itself. In the case of end‑user development, only
the latter allows for true physical extensibility of interactive systems.
The level of modeling that is required for this can be kept to a minimum, for example by introducing an intermediate layer that abstracts away from some of the physical properties of
artifacts and simplifies the integration of these artifacts with the software. For example, the TagTrainer system uses a limited set of colored RFID-tags that can be attached to physical artifacts
(see Figure 7.3). Each tag-color is uniquely identifiable by the system, and through strategically
attaching tags to parts of physical objects; the system is able to recognize for example the rota-
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Figure 7.3 RFID tags for the TagTrainer system.
tion or position of an object. Thus, while preserving the physical properties of objects in their
interaction with users, the colored tag-system greatly simplifies the mapping between the spatial
states of these objects and their logical states in the software.
The challenge for meta-designers is to support end‑users to extend virtual environments with
physical artifacts. Furthermore, meta‑designers should enable end‑users to conceptually integrate these objects in their programs.

Manufacturing physical artifacts
Tangible and embodied systems are inherently physical. Therefore, on top of the challenges
that arise from programming software, in the case of tangible systems the construction of the
hardware and the inherent embedded electro-technical problems are increasing the challenge.
Several toolkits and platforms have been created to facilitate constructing prototypes that support physical interaction, with the aim to lower the barrier to of prototyping new concepts [13].
Switcharoo [4] is a prototyping tool that lets designers rapidly explore both form and interactivity of new products. The same makers present the Calder toolkit [17]: a set of reusable input
and output components that can be linked both wired as well as wireless to create an interactive
physical interface. Both Switcharoo and the Calder system need to be tethered to a computer to
control the interactivity.
Phidgets [12] are commercially available “building blocks” for easy composition of sensing and
controlling technologies. A variety of components is available and also the Phidgets can be
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programmed using a wide selection of software languages and, like Switcheroo and the Calder
system, Phidgets need a direct connection to a computer.
Similar to Phidgets are Arduinos: “Arduino is an open- source electronics prototyping platform based on
flexible, easy-to-use hardware and software. It’s intended for artists, designers, hobbyists, and anyone interested in
creating interactive objects or environments” [3]. Arduinos have a microprocessor on board and offer
multiple input and output channels to attach any type of sensor or actuator.
Designers, with limited electrical engineering and/or software skills, can relatively quickly put
together a hardware and software combination to prototype simple, interactive behavior.
Furthermore, the creation of customized physical artifacts is facilitated by recent advances in technology for production methods such as 3‑D printing and
computer‑aided milling. A trend in the upcoming of so‑called maker communities [7] and fab-labs
[10] has facilitated a broader participation of non-technical users in the engineering of interactive systems. These communities provide end‑users with the means to learn and master the skills
and tools that are required to engage in the design, modification and production of (interactive)
physical artifacts.
Still, the level of engineering skills and effort required to construct interactive applications using
these platforms and tools is beyond what we can expect from, for example, physiotherapists and
scout leaders as an add-on to their main tasks. For example, experiences with the RaPIDO platform indicate that even for university students with relevant technical expertise it takes up to two
or three weeks to create a working prototype application.1 My end‑users do not have this time,
nor is creating these applications of primary interest to the domain in which they are experts.
Therefore, I argue that we need dedicated, integrated EUD hardware/software toolkits that even
further lower the threshold for engaging in the creation and deployment of interactive artifacts.
For example, the RaPIDO platform is specifically targeted at the design of outdoor games. It
offers dedicated, portable, hardware that offers a wide range of interaction possibilities. Though
it is possible to extend the platform with additional electronic components, it is not necessary
to do so to start creating games. In addition, RaPIDO provides a software API that offers an
abstract layer to hide the typical embedded software issues from the end-user.
One of the learning barriers that Ko et al. [16] have identified is the understanding barrier, i.e.
the difficulty to relate a program’s external behavior to the end-user’s own expectations. Furthermore, Ko et al. identified the information barrier: the difficulty end-users have to observe
a program’s internal behavior. Both barriers affect the ability of end-users to track down errors
and debug their code. I argue that these issues will aggravate in the case of EUD hardware
toolkits; typically the software will run on an embedded system and will be more difficult to
trace. Furthermore, errors can originate not only from the software but also from the hardware,
a distinction that arguably is difficult to make for an end-user. To make things worse, debugging
is a complex mental activity that is mastered with experience.
Thus, the challenge I identify for meta-designers is to acknowledge that end-users will want to
create interactive artifacts, but do not possess the necessary skills to create dedicated, interactive
hardware. Meta-designers should provide end-users with integrated software and hardware tools
1
It should be noted here that often claims are made about prototyping at much shorter times.
E.g., [14] suggest that a camera can be prototyped within a couple of hours using the .NET gadgeteer platform. I note
that each platform allows for the easy creation of some canonical interactions that are direct extensions to available
components. Typically though, designers and engineers need invest some more effort to map concepts slightly out of
the normative uses of the platform to what it can support.
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that support the skill level of the end-users. Furthermore, meta-designers should pay particular
attention to supporting debugging of the embedded software and hardware.

Supporting end‑users in designing interactivity
If we want to support end‑users in the development of interactive systems that are also used
by others (e.g. a therapist’s patients, a teacher’s pupils), we need not only to ensure that they are
able to create something that works, but also that the interactive qualities of their creation make
it usable by others.
Interaction design has been studied extensively, to the extent that interaction designers nowadays
have at their disposal a plethora of dedicated tools, frameworks and guidelines that ensure the
interactive quality of their creations. For example, Google has published an extensive design
guide for developers of Android applications [11]. Such guides can aid even non-professional
designers of user‑interfaces to ensure a certain level of quality.
However, given the diversity of tangible and embodied systems, guidelines that are applicable
beyond a very narrow application domain do not yet exist. Neither have these guidelines been
tried out and established with wide user bases, as is the case for graphical user‑interfaces and
most certainly they are not aimed at end‑users. In short, there is currently no design guidance regarding techniques that are known to work for end-user developers creating their own solutions.
Experiences from the author’s studies illustrate the need to support end‑users in the design of
interactivity. For example, a therapist working with TagTrainer designed an exercise in which a
mug had to be placed on a target area displayed on the TagTile board. When a patient correctly
placed the mug on the board, the target area would light up in green to confirm the patient’s
action. However, the area that would light up was completely covered by the mug and hence the
patient did not receive feedback about his correct action.
Another example was observed in a game‑designer programming a game on the RaPIDO platform. For the game, she wanted to convey to players the number of steps they were allowed
to take. The game‑designer decided to indicate the number of steps by blinking the RaPIDOs’
LEDs, where each blink counted as one step. However, she had not realized during design‑time
that such information is volatile; a player must be paying attention to the device to perceive the
interaction and after the blinking has stopped, the information is gone. Only once the game‑designer saw the outcome, she concluded that this was not the best way to convey the information
to a player. Players would be interacting with other players and with their environment and thus
would probably miss the blinks, which would potentially disrupt the game flow. Subsequently,
the game‑designer reprogrammed that part of the interaction as to more permanently represent
the information.
Both examples show that end-users usually are ill equipped regarding the design of interactivity
as such. I argue that end‑users could benefit from a style-guide (or other forms of design guidance) describing do’s and don’ts regarding the interactive behavior of tangible and embodied
systems. Whereas this may be a tall order for the vast domain of end-user development, it can
be a much more tractable problem when focused on the range of interactivity that a particular
platform supports.
Concluding, meta‑designers should look further than merely offering a physical, end‑user extensible system, but should also provide end-users with guidance on how to meaningfully design
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interactivity. In what way this exactly should be supported (e.g., a manual, a short course, or
embedded in the tool) should be further investigated.

Anticipating for non-information workers
A great body of EUD research has focused on research involving information workers such as
system administrators, spreadsheet users, interaction designers, scientists and software architects.
The end‑users in this case share a common trait in that they write programs to support their own
domain specific tasks. While it has been argued that programming experience is an independent
concern [15], it is undeniable that there are differences between information workers and other
end‑users in the way in which they engage in EUD activities.
Non-information workers, such as primary school teachers [5], children [1] and musicians [14]
have previously been studied as users of tangible interactive applications. However, little is known
about their potential as developers of such systems. While attempts have been made at using tangibles as means for non‑information workers to perform end‑user development activities (e.g. [6]),
research on end‑user development for tangible interactive systems remains scarce.
A defining characteristic of information workers is that they spend a substantial amount of
their working time in front of a computer. Often they assume the role of a programmer aiming
to automate a repetitive task, or create some function fitting their extant use of technology. In
contrast, non-information workers often find themselves without a computer, let alone a system
supporting tangible interaction, and even finding a computer to perform EUD activities might
present a barrier to them. For example, therapists who participated in the TagTrainer study
mentioned that for the system to be usable, the amount of time they could spend on performing
EUD-related tasks had to be limited to only a couple of minutes per 30-minute therapy session.
Within this small timeframe, a complete design-, implement- and test-cycle had to be completed
for each self-developed modification or addition to the system. The requirements that these
constrains put upon the tools, the end‑users and their organization are yet ill defined.
Meta‑designers should be aware of the constraints that the context in which non‑information
workers operate puts on EUD. Not only do they need to consider the tools that support these
end‑user developers, but also the context wherein these end‑user developers operate. One possible research direction is to investigate whether end‑user development efforts could be spread
across members of a community, in order to ease the demands on individual users.

EUD within a social-technical context
In the past, the task of end-user development has largely been addressed as an isolated phenomenon, focusing mainly on what the technical requirements are that enable end-users to become
developers. For example, research focused on the design of tools, frameworks and (programming) techniques that facilitated development by end-users. More recently however it has been
recognized that end-user development involves much more than providing an end-user with the
right tools. Rather than a purely technical endeavor, EUD has its place in a socio-technical environment where issues such as learning, motivation, collaboration and organization are important
determinants of its success [19].
The paradigms of meta-design [9] and cultures of participation [8] have been proposedto address this socio-technical perspective to end-user development. Meta‑design theory puts the
end‑user developer on a spectrum with on one end the end‑user, and on the other end the meta‑designer of an extensible socio‑technical system. Rather than treating the end‑user developer

110

Figure 7.4 Ecologies of participation, image source [8], p. 47. The image shows what ecologies
of participation might look like, with on one end a large group of ‘unaware consumers’, and on
the other end ‘meta-designers’. The arrows indicate the transitions between these groups. Note
that transitions in the opposite direction, though not visualized here, might be possible as well.
as a particular species of its own, in meta‑design theory users may assume and switch between
multiple roles on this spectrum, depending on the context. In this theory, end‑user development
may become a shared effort amongst users that occupy different positions on the developer-spectrum. Such an ecology, where multiple actors occupy different roles on the meta-design
spectrum, is called a culture of participation (see Figure 7.4).
One of the benefits of extending EUD with social and organizational components is that it
allows us to view the task of development within a wider context. For example, it gives room to
study how domain specialists take up the task of EUD, how they learn in this from their peers
and how exchanging the content of their creations influences the development process. Exchanging personal creations with peers also promises mutual benefits such as: avoiding double
work, collaborative development of solutions that address a shared need, inspiration from others’ creations, etc. For example, experiences with the TagTrainer system show that peer-creations
triggered therapists to engage in end‑user development activities themselves.
While the extension of EUD towards a socio‑technical perspective is worthwhile for EUD in
general, I think that it proves particularly useful in the case of non‑information workers and
tangible and embodied systems. Firstly, because it reveals the subtleties that non‑information
workers face when engaging in end‑user development. For example, does their boss want them
to do it? How does the task fit within their regular workflow? Where can they get answers for
their questions and with what effort? Secondly, given the context-dependent nature of tangible
and embodied systems, taking into account the context in which end‑users engage in development activities becomes a necessity.

Implications of applying EUD principles to interactive tangible technology

111

7.4

Discussion and conclusion

Tangible and embodied interaction is a technology that is making the transition from the research labs to the market. In this process its user base is expanding; by the nature of this technology its use within different contexts needs to provide the specific form and interactivity that is
suitable for the domain rather than rely on standardized and common set of interactive technologies, as has been the case for graphical user interfaces. This tight coupling of physical form and
interaction with interactivity provides a broad space for exploration for interaction designers, but
also requires some adaptation and design activities to be handed over to the end-user to address
idiosyncratic requirements of specific application domains.
This chapter has argued the case for end-users who are not information technology professionals
or even enthusiasts to create their own TEI solutions. Arguably, TEI systems can be beneficial
for clients of these end‑users, such as pupils or rehabilitation patients. To enable these end‑users
to take up EUD technology for TEI, research needs to be carried out. The contribution of this
chapter is to identify the need for EUD solutions, and to formulate the key challenges that end
user developers are faced with. Although research agendas for both EUD [15] and TEI [2] have
recently been proposed, neither of them address the specific research issues that come into
play when EUD is applied onto tangible and embodied interaction. I argue that TEI is not just
another application domain for EUD, but that it presents some major and specific challenges:
1. Integrating the virtual with the physical
2. Manufacturing physical artifacts
3. Supporting end users in designing interactivity
4. Anticipating for non-information workers
5. EUD within a social-technical context.
I have identified and addressed these challenges in two different domains: the design of outdoor
games for children and the design of tangible interactive systems for rehabilitation training.
While the solutions described in this chapter, adopted by TagTrainer and RaPIDO, are domain
specific, I believe that the set of challenges defined characterizes quite a broad application domain and one that is crucial for the further development of tangible and embedded interactive
systems.
This set of challenges is new, and unique to the development of tangible and embodied interaction for domain specific applications. While the idea of bridging the virtual and the digital
runs through the whole fields of augmented reality and pervasive computing, this challenge has
so far been the focus of professional designers and engineers. Handing over this challenge to
non-specialized professionals whose responsibilities are not typically associated with the creation of technologies changes the nature and the difficulty of this endeavor. Similarly, providing
design guidance to end users can be more feasible in other domains, e.g. to help non‑information workers create their own websites, but in the domain of TEI guidance is needed as the
combined design challenge in both interactivity and form giving largely exceeds that of creating
documents enhanced with hyperlinks and interactive content. While non-information workers
have long been engaging with creating content, e.g. in websites, animations, music, most work
so far on EUD has focused on information workers. Domain experts, such as professionals in
healthcare or education are primarily focused on interacting with other people, and not on using
information technology.
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The challenges discussed have not emerged before either as relevant or as necessary for the application of information technology. I argue that the potential of TEI systems can be enhanced
by allowing end‑users to modify and create content for such systems. Still, it is hard yet to argue about the adequacy of solutions proposed and whether addressing these challenges will be
shown sufficient for the successful application of end-user development approaches in different
domains.
Addressing these challenges requires a combination of disparate research approaches. A very
important one is the creation of conceptual guidance for creating TEI solutions; many frameworks on tangible interactive systems and tangible user interfaces have been proposed, e.g.,
see [20]. Most of these frameworks have grown from the realization that tangible systems and
interfaces have some distinctive and unique features, which existing frameworks were unable to
address. As these have served as a focal point for discussions between researchers in this field,
it is questionable whether such frameworks can provide the type of operational guidance that is
needed by domain specialists acting as end‑user developers.
Another important research goal is to understand the organizational conditions that will enable
a transformation of non‑information workers to change their role as passive users to that of
content creators, and eventually technology designers and developers. Creating a platform that
enables such content creation is but a first step; one that enables field deployments and case
studies of this type of transformation.
The main aim of this chapter is to identify the key challenges in end-user development for tangible and embodied interaction. Though this chapter cannot offer a solution to address these key
challenges immediately, I can offer insights on how I think finding answers is best undertaken.
The approach I suggest is a Research through Design approach [25], meaning to actually design and build TEI systems that can be deployed in a real context. By offering end-users these
systems and observing the way they appropriate the technology in their daily practice, we will
be able to generate insights on how these challenges can be addressed. In my experience this
approach works best; the systems (such as TagTrainer and RaPIDO) and tasks presented to
end‑users are so radically different compared those end-users normally work with, it is typically
very hard for end-users to reflect on how these systems and tasks would impact their daily work,
without the system actually being present and working.
Finally, I propose that the term end-user development, that has its origin in the programming
domain, is extended to encompass the design and development of all aspects of physical, interactive systems. ‘Development’, in this sense, not only applies to the software part of such
systems, but also reflects on the possibility of physical modification and extension by end-users,
tasks typically associated with industrial design. I encourage meta‑designers to consider the challenges that I identified in the design of such systems and to extend the body of knowledge on
end‑user development for tangible and embodied interaction.
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8. Implications of designing stroke
patient feedback in rehabilitation
technology
8.1

Introduction to this chapter

Although always with the patient’s interests in mind, the design process of TagTrainer has largely
focussed on the needs of physiotherapists and occupational therapists. This focus on therapists
grew out of the WikiTherapist project goal, of applying EUD principles to rehabilitation technology. Though the sole purpose of allowing EUD practices to develop in TagTrainer use was to
better serve patients by providing tailored training content, the focus of the design process was
on therapists. Therapists would, after all, be the main users of TagTrainer’s EUD capabilities.
During the deployment of TagTrainer to rehabilitation clinics (see chapters 5 and 6), I recognized that TagTrainer’s patient interface did suffer from the lack of a number of features that
were critical to allow individual use of TagTrainer by patients. Therapists indicated that the lack
of these features had its influence on the adoption of TagTrainer as a technology for physical rehabilitation. One major lacking feature was performance feedback to the patient, and as it turned
out, even in this regard TagTrainer might benefit from the application of EUD.
Interactive technologies can get stroke patients more involved and motivated to perform exercises is by incorporating the use of feedback [1,13]. It has been shown that in game design feedback
plays a crucial role in achieving more effective engagement [1]. Feedback makes users aware of
their progress towards goals and how their actions impact their progress. It provides users with
a means to accomplish their goals and when this information is provided effectively, it enables
users to independently learn and improve their performance. In addition, [12] has shown that
feedback enhances learning and self-efficacy when it is positive and encouraging.
The use of effective feedback is therefore an important means for improving stroke rehabilitation and enabling patients to practice independently. Research suggests that the (extrinsic)
feedback provided by technology carries special importance for stroke patients due to their
compromised intrinsic feedback system as a result of the stroke [9,11]. Extrinsic feedback, when
provided properly, can improve stroke patients’ learning and increase their active involvement,
motivation, confidence and self-efficacy [9,13].
Although the positive effects of feedback on the stroke recovery process are somewhat understood, the design of feedback systems targeted specifically at stroke patients is an underexplored,
but emergent and important area of research. Therefore, this chapter presents an exploration
into how to provide effective feedback to stroke patients using different options for feedback
This chapter is based on:
[1] Willems, L., Tetteroo, D., and Markopoulos, P. Towards Guidelines for the Design of Patient Feedback in Stroke
Rehabilitation Technology. Proc. HEALTHINF ’15, (2015), 60–68.
My contribution to this paper is in the conception of the feedback module, the conception of its evaluation, in formulating the guidelines, and in writing and presenting the paper. The user-research, as well as the design, implementation
and evaluation of the feedback module have been performed by Lilha Willems.
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content and modality. I have addressed this question by performing an exploratory case study
with seven stroke patients using the TagTrainer system. In this chapter I present the design process of a feedback module for TagTrainer. Finally, I present guidelines for providing feedback
with stroke rehabilitation technology that have been derived from the design and evaluation of
this module.

8.2

Related work

Movement recovery after stroke
Movement recovery after stroke is usually attributed to two mechanisms [2,6]:
•

True recovery: this occurs when a patient, post-stroke, performs movements in an equal
manner (e.g., using the same muscles and brain sections) as before the stroke.

•

Compensation: this occurs when alternative ways of movement are used by the stroke patient for an activity, compared to the pre-stroke phase.

According to [5] learning is required for both mechanisms to occur and in order to achieve this,
rehabilitation should emphasize on learning different techniques to reach a certain goal and
not just repetition of the same movements. However, the intrinsic feedback system of stroke
patients may be impaired [9,11,12], while this system plays an important role in motor learning
of non‑disabled persons. In addition, it has been suggested by [6] that stroke may cause learning
deficits. This suggestion implies that stroke patients require a different approach for learning
motor skills; a task that is simple for a non‑disabled person may be complex for a stroke patient.

Feedback in stroke rehabilitation
Depending on the impairments caused by the stroke, different feedback is needed to accommodate the patients’ capabilities and to facilitate motor learning. The feedback should be adjusted to
the patient’s stage of learning [9]. It is commonly accepted that three factors play an important
role in transmitting feedback to stroke rehabilitation patients: focus of attention, feedback content and
feedback scheduling [11].
[2] conducted a study with the objective to determine if the manipulation of the attentional
focus may lead to arm motor recovery during a repetitive pointing training intervention. In their
experiment participants were either provided with Knowledge of Results (KR), after every 5th
trial, or Knowledge of Performance (KP) concurrently and on a fading schedule. KR directs
attention to performance outcomes (external focus of attention), while KP directs attention
to arm movement patterns (internal focus of attention). The results showed that the motor
improvements in stroke patients who received KP reflect true recovery, in contrast with those
who received the KR feedback. This suggests that if the goal of rehabilitation is true recovery,
stroke patients may benefit more from KP feedback. However, in their review study, [11] found
research that suggests that feedback inducing external attentional focus may be more effective to
improve performance of task execution after a stroke. In the same study, [11] found that additional verbal KR is redundant when KR information is inherent to the task. When this is not the
case, they found that summary or average feedback benefits motor learning of stroke patients.
For stroke rehabilitation, [1] believe that feedback concerning failure should be more conservative, and successful engagement should be rewarded and encouraged. Furthermore [9] argues
that it is important to give feedback concerning motor control as this enhances learning, pos-
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itively influences motivation, self-efficacy, and compliance. Correct performance feedback increases motivation while incorrect performance feedback facilitates learning.
As for feedback scheduling, [11] found that providing reduced feedback to stroke patients may
enhance learning. Apart from this finding, little is known on how feedback scheduling influences
learning in stroke patients.

Implications of age for designing patient feedback
Older people form the majority of stroke patients; in the U.S. nearly 75% of stroke patients are
over the age of 65. In fact the chances of stroke doubles with every decade after the age of 55
[6]. Given these statistics, it is important that design guidelines for stroke rehabilitation technology are complemented with guidelines on the design for older people. Older people generally
experience a decline in sensory, cognitive, and motor functions that can interfere when interacting with technology [4,7]. In the case of stroke patients, such impairments add to cognitive and
motor impairments that might have been caused by the stroke itself.
The study of [7] yielded several guidelines for designing websites for older people. When applying those guidelines for use in arm-hand rehabilitative technology the following guidelines need
to be considered:
•

Language should be simple, clear, and to the point. Important information should be highlighted. Irrelevant information causes too much distraction for users with cognitive impairments.

•

Text design should be static, and presented in a readable format with high contrast. With age
the color- and contrast sensitivity declines (see also [4]).

•

Graphics should be relevant and easy to understand.

•

Navigation cues should be clear and provide the current location of the page.

These guidelines contribute to dealing with limitations in vision and cognition stroke patients are
often affected by. Especially for cognition it is important that the interface is simple and intuitive,
and to contain the proper affordances to reduce the workload of information processing [4].
In their study, [4] also recommend providing the same, redundant information using different
modalities in order to compensate for visual and auditory limitations. In addition to these limitations, during stroke rehabilitation redundancy is also necessary for cognitive limitations. It is not
uncommon for therapists to repeat instructions to their patients and/or actively guide patients’
attention towards important information.
To determine how to provide effective feedback to stroke patients, a feedback module system
for stroke rehabilitation technology was designed and evaluated with stroke patients in a case
study involving the TagTrainer stroke rehabilitation platform.

8.3

Case study: patient feedback for TagTrainer

While rich performance data is collected by TagTrainer, none of this information is currently
presented to patients. Therapists still have to manually guide patients through exercises and
provide feedback about their performance (see Figure 8.1). Given the importance of feedback
for the recovery process of stroke patients, I set out to develop a patient feedback module for
TagTrainer based on existing literature and user research.
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Figure 8.1 A patient being guided in the use of TagTrainer in arm hand rehabilitation therapy.
Image courtesy of Ken Chen.

User research
In order to get a better idea of how rehabilitation sessions are set up, how patients are instructed
and supported by therapists, how therapists determine appropriate feedback, and how feedback
is currently provided to patients, I conducted two unstructured interviews with stroke rehabilitation therapists and observed an arm‑hand training session at a stroke rehabilitation clinic
(Adelante Centre of Expertise in Rehabilitation and Audiology, Hoensbroek, NL).
Interviews with therapists
At Adelante, the rehabilitation process is strictly patient-centered. The therapist sits down with
the patient and asks the patient about the problems (s)he encounters. Together with the patient,
the therapist will determine the goals the patient wants to achieve. According to one therapist
establishing goals helps to keep the patient focused. When the patient’s goal cannot be achieved
straight away, the therapist will divide it into smaller sub-goals that are easier to achieve.
During training sessions, therapists usually provide encouraging verbal feedback. Additionally,
they may make use of mirrors, physical guidance or other materials if the situation requires it.
Therapists do not apply a rigid approach in giving feedback because of the differences between
individual patients. Feedback that works for one patient may not be suitable for another. Therefore, feedback is tailored to the patient by employing a trial‑and‑error approach: therapists may
vary in using particular, well-defined feedback strategies for patients until they determine the
approach that resonates best with the patient. Finally the feedback given differs amongst the
therapists and is based on their previous experiences (i.e. observed best practices).
One therapist indicated that during rehabilitation it should be clear to patients why they must
invest in certain tasks, and that feedback should primarily concern the quality (speed, fluency,
and trajectory) of movement. The other therapist stressed the importance of keeping patients
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motivated with feedback. Both therapists agreed that it is important that patients experience
success and are able to achieve their goal. Therefore the therapists would sometimes relax on
giving ‘negative’ feedback and give more encouraging feedback instead [3].
Design implications
From the user research, I distilled the following implications for the feedback module design:
•

For patient involvement and motivation, the goal and purpose of the exercise performed
should be clear to the patient.

•

Provided feedback should be primarily positive and tailored to the patient’s needs.

•

The design should allow therapists to apply systematic variation in feedback approaches in
order to determine the most suitable feedback approach for a patient.

Designing patient feedback
Although TagTrainer supports stroke patients in their training by providing them with instructions for the execution of exercises, the current system does not offer them feedback on their
performance. Therefore, I designed a patient feedback module for TagTrainer that would provide stroke patients with relevant feedback on their performance. Here I present the final design,
and then discuss relevant experiences gathered during the design process and from evaluations.
Method
The feedback module was designed in a user-centered iterative process consisting of three consecutive design-implement-evaluate cycles. Initial design choices were based on suggestions
from previous research involving non‑disabled persons (e.g. [8,11]) and older people in general
(e.g. [4]), and the user research reported on earlier in this chapter.
During the evaluation sessions, patients performed an exercise on the TagTrainer board. The
exercise required the participants to trace a diagonal line 5 times with the affected arm using a
small (2x2x2 cm) wooden cube. While the exercise was performed, the feedback module was
presented on a separate display in front of the user. The same exercise was used throughout the
design process.
After executing the exercise, the participants were asked in an open interview questions concerning their understanding of the displayed information, which information felt to be missing or
redundant, and the perceived value of the information presented.
Participants
The feedback software was evaluated with seven stroke patients undergoing general arm‑hand
rehabilitation at the Adelante Rehabilitation Centre, Hoensbroek, NL. The age of the participants ranged between 50 and 83 years. The time between their stroke and the evaluation ranged
between several weeks and months. All participants were affected in their motor skills, mostly
affecting their upper extremities and gait, and some participants were affected in their balance,
memory and visual capabilities.
Design
The feedback module designed aims to provide relevant feedback throughout the patients’ training session. A session consists of a movement activity that a patient needs to practice repeatedly
for either a fixed number of times, or for a given duration. Sessions consist of individual trials:
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single units of meaningful movement that the patient needs to repeat during the session (e.g.,
the exercise described above).
The feedback module was designed to guide patients during the entire exercise session and consists of four main screens. These screens are shown:
1. Before the start of an exercise session, see Figure 8.2.
2. During the session, see Figure 8.3.
3. After every block of 5 trials, see Figure 8.4.
4. At the end of the session, see Figure 8.5.
The screen shown at the start of the session (Figure 8.2) contains the exercise instructions and
its benefits. The instructions are presented as a series of short sentences that are formulated in
simple language and displayed in a readable font. Benefits are shown here because the therapists
interviewed during the initial design phase suggested that it will motivate users to engage in the
exercise.
While the patient is executing a block of 5 trials, the feedback module shows the patient instructions for the exercise and the patient’s progress in completing the block (Figure 8.3). The
reduced feedback scheduling of 5 trials was chosen for providing feedback during the session,
because Cirstea and Levin [2] reported it to work well for stroke patients.
After each block of 5 trials the feedback module shows bar graphs with performance information about those 5 trials (Figure 8.4). The bar graphs denote the duration of every trial, and
shoulder and torso compensations performed during the trials. The time measure was included
because therapists indicated that it will challenge and motivate patients who are doing well in
their rehabilitation. However, for those who are not, the therapists fear it will demotivate patients to perform the exercise. Shoulder and torso compensation measures were included as this
(unwanted) compensation behaviour is frequently seen in arm-hand rehabilitation. However, as
is the case for the time measure, these measures do not always apply to all patients. The graph
type denoting the performance measures was decided upon together with the therapists. The
absolute numerical values of the performance measures are not shown, as it is the pattern of the
results that gives the most important information, according to the therapists interviewed in the
initial design phase. Textual KP‑feedback is given for each performance measure that either tells
the user to keep doing what he is doing, or how he can improve his performance. In telling the
user how to improve his performance it only gives feedback concerning the desired outcome and
not how the user should perform the movement to get to the desired outcome. This induces an
external locus of control and should lead to enhanced learning [8,11,14].
Finally, after a patient completes the entire session, (s)he is presented with an overview of their
performance on execution time, shoulder and torso compensation throughout the session, as
well as with appropriate KP-feedback (Figure 8.5).

Evaluation results
Three factors play an important role in transmitting feedback to stroke rehabilitation patients:
feedback content, feedback scheduling and focus of attention [11]. Given that the focus of attention and scheduling of the feedback were not varied in my study, I will not further report on
these. However, in addition to ‘traditional’ feedback that is provided by therapists directly, I have
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Figure 8.2 Screenshot from the feedback module before the start of a session.

Figure 8.3 Screenshot from the feedback module during exercise execution.
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Figure 8.4 Screenshot from the feedback module after each block of 5 trials.

Figure 8.5 Screenshot from the feedback module at the end of the exercise.
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used several modalities for transmitting my feedback to the participants and hence also report
on results concerning this factor.
Feedback content
In the initial design of the screen shown before the start of the exercise, performance results
of earlier sessions were included to show progress and hence increase the patient’s motivation.
However, this information was found to be irrelevant and distracting by the users as they were
only concerned with the task at hand: performing the exercise. Therefore, the information in this
screen was limited to the exercise instructions.
Instructions are shown again on the second screen, in case the patient does not remember exactly the nature of the task. The instructions on this screen are presented in a condensed form, in
an attempt to reduce the amount of information the patient needs to process while performing
the exercise. However, condensing the information comes at the expense of less clarity of the
instructions and as a result one patient did not know anymore how to perform the exercise.
After each block of five trials, the patients are presented with graphs visualizing their performance for those five trials. Initially the graphs were all shown in one screen. However, during
the evaluations one participant indicated that he did not understand the feedback information
on this screen, even after explanation. When the participant was prompted to comment on the
individual components on the screen, including the bar chart, it turned out that the participant
did actually understand the information, despite his initial claim of not being able to do so. The
problem was one of information density, and it was decided to spread the information by giving
each graph its own screen that the users can leaf through. This adjustment was included in the
final prototype and five participants indicated to perceive less problems understanding the information on the screen, compared to previous versions.
Feedback modality
During the evaluations I observed that the system at times failed in directing the users’ attention
properly. Two participants were reading the instructions on the start screen and tried to execute
the exercise on the TagTrainer board before they pressed the button to start the exercise. More
generally, most participants were confused about when to look at the screen, and when to look
at the TagTile board. One participant mentioned that he would prefer having the feedback on
the TagTile board instead of a separate computer screen. He explained that during training he
was focused on the exercise task on the board and did not feel inclined to constantly look back
at the computer screen for performance feedback.
For six participants it was not immediately clear what was represented with the feedback shown
as bar graphs (see Figure 8.4). Participants found the icons depicting the different types of
feedback were not self-explanatory enough. In addition, participants reported that they felt the
information shown should be related to their personal context. It should explain, for example,
why certain feedback information is important for them to know and what it says about their
performance. During the evaluation five participants explicitly mentioned a desire for information about their performance that is relevant to their current situation.
Despite the participants not fully understanding the graphs, the accompanying summary text (i.e.
KP-feedback) was clear. The participants stressed the importance of the text containing information about what is good or not good about their performance. However, written information
posed a problem for four participants, as they were unable to comprehend the written informa-
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tion due to poor eyesight and cognitive limitations. However, once the written information was
vocalized, these participants were able to grasp its meaning.

8.4

Towards guidelines for patient feedback

Based on experiences from the design process and the results of the evaluations, I identified the
following set of design guidelines for feedback in interactive stroke rehabilitation technology:
•

Provide multimodal information: Account for sensory impairments that stroke patients
might have. E.g., vocalizing textual information for the visually impaired [4]. In addition,
providing multimodal information enhances understanding and learning. E.g., during the
evaluations vocalizing textual information made it easier for stroke patients to understand
the information.

•

Provide stepwise guidance: Providing a stepwise guidance through exercise instructions
alleviates the workload on the memory as it provides information in more digestible bits.
Furthermore, providing a stepwise guidance through the feedback will also improve a patient’s understanding of the system.

•

Provide context related information: The feedback information presented should be relevant to the patient’s situation and performance. If the information is not relevant, the patient
will lose motivation.

•

Prevent information overflow: It is easier for stroke patients to process information when
it is provided to them in smaller bits. A means of doing this is by only showing information
that is relevant for the task at hand and by using short sentences and simple language.

•

Allow for customization: There is a large variety in the disabilities that stroke patients may
have, and thus their individual needs for feedback show an equal variation. Therefore, it
is crucial that feedback systems allow for customization of feedback modality, scheduling
and content. So even though a stepwise guidance, short sentences, and simple language are
recommended in general, there are patients who can understand more complex and related
additional information about their performance. By tailoring feedback to the needs of individual patients, their motivation and involvement in the exercise can be increased [10].

8.5

Discussion

In this chapter I have presented the design and evaluation of a patient feedback module for
the TagTrainer rehabilitation technology. Although my evaluations have been performed with a
limited number of participants, I believe that the experiences from my design process and the
findings from my evaluations provide useful pointers to developers of interactive technologies
for stroke rehabilitation.
Although I believe that my guidelines contain useful pointers for designers of interactive stroke
rehabilitation technology, I realize that the list of guidelines is probably not complete. That is,
these designers should also take into account guidelines that have been specified for other, related target groups such as older people (e.g., [4]).
The system that I have presented can be used to further explore and research the effects of feedback on stroke patients. The setup can also be used in practice, as it allows therapists to employ
their trial-and-error approach in finding out what works for their patient.
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8.6

Conclusion

Providing feedback to stroke patients about their performance in therapy is crucial to their
recovery process. However, due to cognitive damage sustained by stroke, stroke patients’ information processing is often impaired and their information retention limited. The contributions
of this chapter are the design of a feedback module for TagTrainer, an interactive stroke rehabilitation technology, and a set of design guidelines for interactive stroke rehabilitation technology
that are based on experiences I had, and evaluations I performed during my design process.
These design guidelines address the specific needs and account for several cognitive limitations
that stroke patients might have. Still, it is important to consider other guidelines as well, such
as guidelines for designing interfaces for people of age, next to those presented in this chapter.
Most crucially, researchers and designers addressing the topic of stroke patient feedback should
be conscious of the differences between individual patients. As such, whatever guidelines are
being used, they should avoid generalizations and allow for customization and tailoring.
I invite the community to extend and validate the guidelines presented in this chapter, in order to
improve the quality of technology‑supported stroke rehabilitation, and, thereby, eventually the
quality of the lives of people who are affected by stroke.
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9. Evaluating EUD deployments
9.1

Introduction to this chapter

This chapter concerns the evaluation of EUD deployments. It follows from the insights and
findings that have been derived through the work in the previous chapters of this thesis. By
reflecting on these insights and findings, and by combining it with experiences from other deployment studies, this chapter aims to find an answer to the question: ‘how should deployments of
EUD systems be evaluated?’
The literature survey in chapter 3 has shown that field evaluations of EUD systems are relatively
uncommon. Mostly, these systems are evaluated in a lab setting, disregarding the impact of the
context of actual use in which such systems would be deployed in practice. Although it is worrying that there have been only a few attempts to deploy an EUD system in the field, it is also
quite understandable. After all, arranging a field deployment is arguably much harder and costly
than arranging a lab study. Furthermore, and this is the major point throughout this chapter,
evaluating the impact of an EUD deployment is far from trivial. After all, what exactly needs to
be evaluated, in order to conclude anything about the success of an EUD deployment? Which
measures should be taken, which outcomes are to be expected, and who should be queried for
this information?
The remainder of this chapter investigates these questions, starting with a discussion on what
actually constitutes ‘success’ in the case of EUD deployments in the first place. From there, I
present a structured literature survey on previous attempts of EUD deployments, analyzing the
evaluations performed by, and the success measures considered in those studies. From there, and
with the experiences from the deployment studies that have been described in chapters 5 and 6,
I outline guidelines for the evaluation of EUD deployments.

9.2

Related work

Chapter 3 in this thesis has shown that a significant part (42%, in my survey) of the work that is
performed in the field of EUD includes the evaluation of (parts of) EUD systems. Of course,
not all of these evaluations are equal in nature; studies may apply different methods (e.g., case
study, lab study) and different measures. Usually, the choice for these methods is grounded in a
particular goal that the researchers are interested in, such as evaluating the impact of a particular
technology, the usability of particular methods or frameworks, etc.
Often, these evaluations focus on summative evaluation of an EUD tool developed by the same
authors (e.g., [16,25]). In these cases, success measures are often related to the usability of the
tool, and the efficiency with which users can complete tool-related tasks. Others are interested
in, beyond the efficiency of the tool itself, the impact of specific methods, practices or functionality on the behavior of their users (e.g., [19,23]). However, not many studies describe in detail
what happens if EUD systems are deployed in a context of actual use, nor do they define what
should be considered a successful EUD deployment.
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9.3

Defining ‘success’ in the case of EUD deployments

Whereas for the adoption of technology in general there exists a fairly established view on what
the factors are by which its success can be defined, no such consensus exists for EUD. In fact, so
far a discussion on this has not even really started amongst members from the EUD community.
This section aims to sketch the boundaries of this problem area and establish a common understanding hereof amongst the members of the EUD research community.

What makes EUD special?
One could state that the deployment of an EUD system is nothing more than a specific case of
software deployment in general. After all, as with any software deployment, EUD deployment
puts requirements on, and will be affected by the technology, its users, and the context in which
it is being deployed. For example, a successful deployment might require the technology to be
functional and match the needs of its users, and require it to fit the organization’s goals.
However, it is important to consider that EUD is always an ‘extra’ to software technology. After
all, if the essence and main purpose of a technology would be to allow for the modification, extension and creation of software artifacts, this technology would in fact be a ‘regular’ integrated
development environment (IDE). In other words, the EUD component of a technology is per
definition auxiliary to that technology. This does not imply that the EUD functionality needs to
be deployed separate from the technology itself. In fact, it often forms an integral part of the
technology (such as in the case of macro editors in office software, or level editors in games).
Nevertheless, the core tasks that end‑users perform with these technologies will not be EUD
related.
Assuming this view on EUD, one can state that the adoption of EUD practices goes beyond the
regular use of technology. Where technology use implies the application of that technology for
a core task, EUD requires end‑users to deviate from that task to engage in an activity that will
presumably, eventually benefit the core task. As such, it creates additional challenges over and
above those that come with the deployment of ‘traditional software’.
Two important questions when it comes to evaluating EUD deployments are 1) whether it
makes sense to separate the evaluation of the EUD-part of an environment from the other
parts, and if so, 2) in what way one could separately evaluate the impact of the EUD part and
the other parts. These questions are discussed later in this chapter.

How to define ‘success’?
Defining what is ‘success’ in the case of EUD deployment is not as trivial as one might assume at
first instance. Often, from a researcher’s perspective, success equals the adoption of EUD practices. The rationale adopted here is often very simplistic: “people are using my (EUD) tool, so it must
be good”. However, as discussed in the previous paragraph, in any practical case the sole adoption
of EUD practices by end‑users will not by itself be a goal. Rather, such adoption would be the
means to achieve something else, such as increased efficiency in completing repetitive tasks
through the creation of macros. Still, there might be alternative means to achieve the same goal,
not involving any EUD. Moreover, there might even be cases in which the adoption of EUD
practices in itself is considered a negative result (e.g., a system was so poorly designed that the
end‑users needed to ‘fix’ it through EUD).
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Let us take the example of a primary school teacher who wants to increase her pupils’ motivation
during math class. During math class, the pupils learn arithmetic by interacting with a virtual
character on their tablet computers. One way to increase their motivation is by tailoring the
math exercises to the personal interests of each specific student (e.g., sports, animals, cars). In
this scenario, EUD deployment would be successful if the teacher would adopt EUD practices
in order to create personalized training content for her pupils, eventually increasing their motivation and performance.
Although the above scenario relates to a textbook EUD case (end‑user tailorability and personalization), there are other cases in which a continuous occurrence of EUD practices are in fact
a sign of failure. Software might be delivered to an end-user in such a state that it requires the
end-user to engage in the modification or extension of the software, before it can actually be
used. In a similar manner, if development tasks are ‘offloaded’ to end‑users that could have been
handled as well (or even better) by technology providers, one can hardly consider such end‑user
development practices signs of a successful software deployment [10].
The success of an EUD deployment is thus strongly related to the specific domain in which it is
deployed, the technology it is integrated with, and the tasks it aims to facilitate. Despite this high
level of context dependency, successful EUD deployments have in common that they maximize
the value of EUD within their context, thus increasing the likelihood that EUD practices contribute
to the achievement of an end‑user’s goals.
Some questions remain, however, such as: How to best capture evidence of the success of an EUD
deployment? What measures are best to be used?, and What methods are most likely to deliver the desired
data?. Therefore, in the remainder of this chapter, I first analyze and reflect on the evaluations
performed during the four deployment studies of TagTrainer. Then, I compare these evaluations
to deployment evaluations performed by other researchers in previous studies. I discuss whether
and how existing theoretical models can help us to design and interpret such evaluations, and
from there I finally draw some general guidelines for future evaluations of EUD deployments.

9.4

Evaluating TagTrainer

In chapters 5 and 6 I presented four case studies on the deployment of TagTrainer in rehabilitation clinics. In the following paragraphs I discuss and review the goals of these studies, and the
methods and measures that were used. A more extensive description of the measures used can
be found in chapter 4.

Study goals & success criteria
First and foremost, through all of my deployment studies, I was interested in the questions
whether and how rehabilitation therapists would engage in EUD practices with the introduction
of TagTrainer in a clinical setting. More specifically, I was interested in identifying and understanding factors influencing the adoption of EUD practices in the workplace, the feasibility
of EUD in the context of a rehabilitation clinic, and how technical aspects of the TagTrainer
influence or hinder this feasibility. The four success criteria (SC) I defined for my deployment
studies were (see chapter 4):
SC1. Therapists accept TagTrainer as a viable technology for arm-hand rehabilitation.
SC2. Therapists use TagTrainer in daily arm-hand therapy.
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SC3. Therapists are able to perform EUD activities with TagTrainer.
SC4. Therapists perform EUD activities as part of their daily work.

Methodology
Two different methodologies were used in the evaluation of TagTrainer. For the first case study,
an action research methodology [1] was applied. The rationale behind applying this methodology
was that it would allow me to study the adoption of TagTrainer in a clinical setting, while at the
same time it would allow me to perform adjustments and modifications to better fit TagTrainer
into clinical practice.
The three latter case studies adopted a case study approach (see [26]). Though bug-fixes would
still be performed by the researcher during these studies, significant improvements of or extensions to the system were no longer undertaken, and the participants in these studies were no
longer actively participating in the development of TagTrainer.
The action research approach adopted in the first study helped me to quickly develop TagTrainer into a technology fit for use in a practical setting. However, the continuous presence of the
researcher, and his active involvement in the study have, in hindsight, probably caused a compliance bias. Due to their continuous involvement in the development of TagTrainer, therapists
were triggered to work with the system. My suspicions towards this bias is strengthened by the
fact that the number of EUD activities in the latter studies (where the researcher was less frequently present) was significantly lower than that of the first study.

Measures
In all TagTrainer deployment studies, quite an extensive set of measures were used to gather
data (see Table 9.1). My aim was to capture data regarding all of the success criteria formulated
for the case studies.
To measure whether therapists considered TagTrainer a viable technology for arm-hand training
(SC1), I administered both the UTAUT questionnaire (measuring technology acceptance in general) and the CEQ questionnaire, which measures the therapists’ perception of TagTrainer as a
technology for arm‑hand rehabilitation.
The therapists’ use of TagTrainer in daily arm-hand therapy (SC2) was measured by logging all
instances where TagTrainer was used, and by observing therapists during usage.
EUD activities performed with TagTrainer (SC3 and SC4) were also captured through automated logging, as all instances of exercise modification and creation were stored by the system.
Additionally, the self-efficacy questionnaire allowed me to capture therapists’ self-confidence in
performing EUD tasks, regardless of their actual performance that I captured through logging.
Semi-structured interviews, finally, were used to enrich the quantitative data that was collected.
They allowed me to reveal the causes of some quantitative findings, and helped me to better
interpret the data.

Reflection on the case studies
The previous paragraphs described in detail the setup of, and rationale behind my evaluations.
Through four case studies, I have captured large amounts of data on the deployment of TagTrainer in rehabilitation clinics – much of which have been discussed in chapters 5 and 6. The
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Measure

Rationale for including measure

Related success
criteria

Automated
logging

Objective and reliable measure for determining usage and EUD activities.

SC2, SC3, SC4

Observations

Rich data providing a nuanced view on usage and EUD activities.

SC1, SC2, SC3, SC4

Semi-structured
interviews

End-user perspective on system use. Allows for clarification of objective
data.

SC1, SC2, SC3, SC4

UTAUT
questionnaire

Measures technology acceptance: a prerequisite for EUD activities to
occur.

SC1

Self-efficacy
questionnaire

Allows detailed registration of how (un)comfortable users are with performing system-specific tasks.

SC3

CEQ
questionnaire

Provides indication of overall system performance as a rehabilitation
technology through the eyes of its users.

SC1

Table 9.1 Measures used in the TagTrainer case studies.
question remains, however, whether the methods and measures that were chosen for my evaluations have resulted in data that helps me to determine whether the implementation of TagTrainer has been successful.
Since a relative wealth of data (see Table 9.1) was available for measuring SC1, one would expect
that it was easy to determine whether or not therapists accepted TagTrainer as a technology for
rehabilitation therapy. However, the flipside of having many data sources is that these sources
might conflict in what they are reporting. Indeed, results from the UTAUT and CEQ questionnaires often showed a relatively favorable result for the acceptance of TagTrainer, but interview
and observation data revealed a more nuanced picture. The overall picture emerging on the acceptance of TagTrainer is one of ‘yes, but…’. Yes, therapists do accept TagTrainer as a technology
for physical rehabilitation, given that certain boundary conditions (e.g., organizational support,
technical support) are met. The important question now is whether the measures used were
appropriate for measuring SC1.
As far as I know, my studies are the first in the domain of EUD where the UTAUT questionnaire was structurally applied to measure the acceptance of the deployed solution over time. The
questionnaire provided me both with new insights, and data that confirmed findings obtained
from other sources (e.g., interviews). Interestingly, where theoretically the UTAUT model is
supposed to carry predictive value about the use of technology, in my cases it was more useful
in confirming and triangulating findings obtained from other data sources. For example, though
in most studies the initial results from the UTAUT questionnaire predicted fairly good levels of
acceptance (and thus technology use), the use of TagTrainer usually declined over the duration
of my studies. Eventually, at the end of the studies, the results from the UTAUT questionnaire
would confirm this development. Nonetheless, I think the measures used are appropriate, and
the mixed results from the different data sources show the importance of having both quantitative data, which can indicate a general inclination towards a particular outcome, and qualitative
data, which can provide nuance and depth to this inclination.
The outcome of SC2 was mainly measured by analyzing the log files that were automatically
generated by TagTrainer. The quantitative data retrieved from these files allowed me to pinpoint
exactly which participants were more or less actively involved in using TagTrainer. This link to
individual participants was especially useful, since it allowed me to query participants during in-
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terviews on their use behavior. In this respect, it was also helpful that interviews were scheduled
regularly, such that changes in usage behavior over time could be tracked and explained. Again,
observations and interviews provided depth to the quantitative data, explaining not only who was
using TagTrainer, and when, but also how and why.
Though a previous study (see chapter 2) had already shown that, in principle, therapists are able
to act as creators of therapy exercises for TagTrainer, I was interested whether this finding would
sustain in the environment of a rehabilitation clinic. In this regard, especially the self-efficacy
questionnaire provided useful information. It frequently revealed increasing self-efficacy scores
on EUD related tasks, coinciding with actual EUD performance that was recorded in the TagTrainer log files. Once more, interviews and observations provided me with additional insights,
for example as to why particular therapists seemed more (or less) skilled in EUD related tasks.
Ultimately, the question I wanted to answer through my case studies, is whether therapists would
adopt EUD practices as part of their daily work (SC4). Although in principle the TagTrainer
logs combined with the data from interviews and observations provided me with the possibility
to answer this question, the analysis and interpretation of this data has led me to the conclusion
that the success criterion may not have been adequate in the first place.
The difficulty in measuring whether therapists adopt EUD practices as part of their daily work,
is that it is hard to define what ‘as part of their daily work’ exactly means. If interpreted literally,
it would require therapists to perform EUD activities every single day. Given the, by the nature
of the rehabilitation process, relatively limited role that TagTrainer can play in therapists’ daily
work, this is an unreasonable expectation. Rather, the phrase should be interpreted figuratively,
meaning that therapists have embraced EUD activities as an integral part of working with TagTrainer. When EUD activities do not take place on a daily basis, any evaluation on the adoption
of EUD practices in this context needs to be longitudinal, before a reliable and truthful picture
of therapists’ EUD practices can be formed.
An additional complication to the SC4’s definition is that one would expect the amount of EUD
activities to decrease over time, as the set of exercises grows and the need to create even more
exercises declines. So even if there would be a value for, or an understanding of therapists’
engagement in EUD activities, such a value or understanding would be specific to a particular
moment in time, and rather meaningless on its own.
Finally, taking a cultures of participation-view [9], where EUD is situated in a socio-technical setting
that involves multiple actors practicing various degrees of EUD, what exactly do the collected
data tell us about the EUD activities taking place within the TagTrainer community in its entirety? How meaningful is it to consider the EUD activities of individual therapists, if these activities are entwined with those of other members of the community?
Concluding, in my studies I was successful in evaluating the three success conditions (SC1-3)
that I regarded as instrumental for the adoption of EUD practices, but I was unable to give an
unambiguous answer regarding SC4. My inability to do so is not caused by a wrongfully chosen
evaluation strategy, but by a lacking sense of what it is that should have been evaluated in the
first place.

9.5

A structured literature survey on EUD deployments

Before I engaged in the deployment and evaluation of TagTrainer, I conducted a literature survey on previous EUD deployment studies to collect guidelines for the design of my own studies.
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Database query results
(n=144)

Exclusion of duplicates
(n=23)

Unique articles
(n=121)

Exclusion of nonaccesible articles
(n=2)

Exclusion of articles not
fittiing scope
(n=114)

Inclusion of articles from
IS-EUD proceedings
(n=0)

Eligible study reports
after full text screening
(n=5)

Figure 9.1 Flowchart of the structured literature survey.
Unfortunately, this literature survey did not provide me with sufficient insights to help me answer the success criterion SC4. Nonetheless, combined with the insights from my own studies,
the results of the literature survey helped me to formulate a number of pointers that researchers
can refer to in the design of future EUD deployment studies.
The structured literature survey was conducted by querying the online digital libraries of ACM
(dl.acm.org) and Scopus (www.scopus.com). Together these libraries include indexes of the most
relevant conference proceedings and journal publications on EUD. In addition to the database
searches, the proceedings of all editions of the International Symposium on End User Development (IS-EUD, i.e. [7,8,17]) were analyzed for articles missed by the dataset search but matching
the criteria of this survey. Figure 9.1 provides an overview of the survey process.

Inclusion/exclusion criteria
Articles resulting from the search were included if they were written in English, published after
1991, their full text version was accessible to me, and if they were describing actual in-the-field
deployment of EUD systems. Papers published before 1991, in non-English languages or describing lab studies, usability evaluations, retrospective analyses of cases, theories, methods, etc.
were excluded.
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Search keywords
The databases used were queried for articles containing at least one of the following terms as
keywords “end user programming”, “end user development”, “EUD”, and “meta design”. In addition,
to filter for studies describing actual in-the-field deployments of EUD systems, articles had to
include at least one of the following terms as a keyword, or in their abstracts: “deployment”, “case
study”, “field study”, “ethnography”, “practices”, “ethnographic methods”.

Results
The combined queries returned 144 results (ACM: 31, Scopus: 113). After correcting for duplicates, 121 unique results remained. The abstracts of all candidate articles were read and compared against the inclusion/exclusion criteria. Where abstracts were found to provide insufficient information for the inclusion/exclusion decision, the full article was read. The proceedings
of IS-EUD were scanned for relevant articles not covered by the database search, but no additional eligible articles were found. Most of the excluded articles, although being EUD related,
did not present deployment studies. Instead, they often concerned formative (lab) evaluations
and retrospective analyses of cases where EUD would already be in place.
Finally, five articles were found to be eligible for answering my research questions (see Table 9.2).
A summarized version of these articles is given below.
Bolchini et al. [5] have attempted to identify “the key factors that contribute to the success of a hypermedia
development tool”. They acknowledge that success factors exist on various levels, but focus on those
that can be observed and are directly related to the ‘product’. In their case study, the authors
have studied the adoption of the 1001Stories tool. This tool allows for web-based hypermedia development and has been deployed amongst Italian primary-school and high-school classes. The
authors have studied the adoption of the tool through two sub-studies: the first study involved
primary school children and teachers, focusing on tool and process simplicity. In this study, taskbased observational user testing was used to evaluate the ease of use of the tool. Contextual
inquiry was used to study the development process. Finally, a questionnaire was submitted to
the participating children at the end of the study, to investigate their overall satisfaction. Their
second study was “mainly devoted to investigate satisfaction, prospective adoption, and success factors on a
larger statistical base” [5]. In this study, the authors queried participating teachers through an online
questionnaire. Finally, they measured the success of their tool and its deployment by assessing
the following variables: appreciation, educational benefits, prospective adoption, tool simplicity, and process
efficiency. Although the results of their questionnaires are generally favorable, the authors draw no
conclusions about the success of their deployments.
Carmien and Fischer [6] have studied the use of EUD practices to enhance the independence
of cognitively disabled persons. They present the Memory Aiding Prompting System (MAPS),
which provides caregivers the opportunity “create scripts that can be used by people with cognitive dis‑
abilities (“clients”) to support them in carrying out tasks that they would not be able to achieve by themselves”
[6]. The system consists of the MAPS-DE, an EUD environment allowing caregivers to create
and share scripts, and MAPS-PR, a client interface for the created scripts. They present a field
study with 6 participants (3 caregiver‑client dyads) who have been provided with the MAPS
system. The authors used several ethnographic methods to collect data, in particular participant
observation and semi-structured interviews. Their goals were to 1) learn about the client’s and
caregiver’s world and their interactions, 2) observe and analyze how tasks and learning of tasks
were currently conducted, 3) understand and explicate the process of creating and updating
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Title

Authors

Source

Year

Investigating success factors for hypermedia development
tools

Bolchini, D.,
Garzotto, F.,
Paolini, P.
Carmien, S.P.,
Fischer, G.

Proc. Hypertext’08

2008

Proc. CHI’08

2008

Segal, J.

CSCW (journal)

2009

De Silva, B.,
Ginige, A.
Spahn, M.,
Wulf, V.

Proc. UNISCON’09

2009

End-User Development
(book)

2009

Design, adoption, and assessment of a socio-technical
environment supporting independence for persons with
cognitive disabilities
Software Development Cultures and Cooperation Problems: A Field Study of the Early Stages of Development
of Software for a Scientific Community
Study of using the meta-model based meta-design paradigm for developing and maintaining web applications
End-User Development of Enterprise Widgets

Table 9.2 Articles selected for analysis in this survey.
scripts, 4) comprehend and analyze the process of using the scripts with a real task, and 5) gain
an understanding of the role of meta-design in the dynamics of MAPS adoption and use [6].
During their field study, the authors collected audio recordings, field notes and secondary artifacts. The authors are not explicit about the success of their deployment.
Segal [20] describes the development process of scientific software as a combined effort of
several ‘professional end-user developers’ (i.e. scientists who can program). The article focuses
on cooperation problems arising from the professional end‑user development culture associated
with the development project. While her article strictly speaking does not meet the inclusion
criteria for this survey (since EUD is already common practice amongst these scientists), the
collaborative nature of the software project described presents new challenges to the involved
and hence can be regarded as the ‘deployment’ of a new form of EUD. The process that Segal
describes is one in which professional end‑user developers, as part of an organized project with
multiple stakeholders that belong to several organizations, develop a laboratory information
management system for use in biology research. The stakeholders are: a management board,
the development team (highly heterogenic, nine members, five locations), collaborators from
research groups that have the potential to share resources with the development team, and the
users. The goal of the field study that Segal conducted is to illustrate how cultural influences
impact cooperation in a professional end-user development project. For this, she collected data
through ten observations, ten interviews, twelve phone calls, numerous emails, and by consulting
project documentation.
De Silva and Ginige [21] describe the deployment of end-user extensible websites for three
small and medium-size enterprises (SMEs). They draw inspiration from Fischer’s meta-design
theory [12] and provide the SMEs with a first version of a website as a seed [11] that can later be
extended by the SMEs. The goal of their study was to investigate how the toolmaking industry
in Australia, specifically he SMEs, could benefit from end-user extensible websites. The data collected is very sparse: only data on the toolmakers’ perceived ability to execute maintenance tasks,
and a log of the maintenance activities performed by the SMEs have been collected.
Spahn and Wulf [22] describe the deployment of their Widget Composition Platform (WCP)
– a platform that allows business users to create custom widgets, tailored to their personal
information needs – to three mid-sized German companies. The goal of their evaluation was
to investigate questions such as: are their end-users able to create widgets using WCP? Do the
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widgets address practical problems in real work contexts? Are advanced end-users able to create
and wrap enterprise resources as new services to extend the available building blocks for widget
creation? What types of end-users exist with regard to widget usage and development, and how
do they collaborate? Spahn and Wulf used interviews, observations, and questionnaires focusing
on EUD-related tasks to find answers to these questions.

Evaluating EUD deployments
As has been demonstrated by the survey, research in which researchers attempt to create an environment that facilitates EUD, by implementing appropriate methods, techniques and tools, as
well as by shaping facilitating conditions on a psychological and social level is scarce. Remarkably
few attempts of EUD deployments were found, and the variation between them (amongst others in terms of domain, approach, scope, authors and findings) leads to believe that this aspect
of EUD is currently underexplored, and the state of the art is limited to ad-hoc attempts rather
than structured and planned approaches. One possible explanation for the scarcity of deployment studies is that EUD needs not necessarily be introduced as part of an orchestrated effort
– involving planned investments of time and effort by end‑users and commitment by some form
of management. Rather, suitable environments may have developed evolutionary to accommodate for EUD. Still, the articles discussed in this survey show there is a need for an orchestrated
deployment of EUD technology in several cases. For example, non‑information workers (such
as the caregivers in [6]) might not be aware of the possibilities that EUD environments can provide them with to address personally relevant problems. The need for organizational support for
encouraging EUD practices has been also argued on the basis of the surveys by Mehandjiev et
al. [15], and Kierkegaard et al. [13].
Table 9.3 provides an overview of the aims of the surveyed articles, and the evaluation methods
that were used in these articles. Most articles are not very clear on what they expect to find when
starting their deployment. Nevertheless, implicitly the studies describe either one or both of the
following goals: to evaluate a tool for EUD, or to better understand the principles that underlie
EUD (see also the ‘research purpose’ qualifications in [14]).
The methods that these studies used varied, but the use of qualitative methods such as observations and interviews is common, especially amongst studies that focus on creating a better
understanding of EUD principles. Where questionnaires were used, their aim varied from measuring tool appreciation and usability, to measuring the participants’ general opinions on the use
and usefulness of EUD in their domain.
Interestingly, one only study concerned the deployment of EUD as an addition to an already
existing system (e.g., an extension or plugin [20]), while the others introduced a new technology
entirely. There seems to be no correlation between the deployment type and the methods used.

9.6

Discussion

In order to find an answer to the question ‘how should deployments of EUD systems be evaluated?’, in
this chapter I have reflected on the deployment studies of TagTrainer. Furthermore, I presented
a structured literature survey on other deployment studies of EUD systems. In this section, I
discuss the results of the survey and my reflections on TagTrainer by a number of questions that
are related to the evaluation of EUD deployments.
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Article

Study aims

Methods used

New tech?

Bolchini et al. 2008

Tool evaluation

Yes

Carmien and Fischer 2008

Understanding EUD principles

Segal 2009

Understanding EUD principles

De Silva and Ginige 2009

Tool evaluation
Understanding EUD principles
Tool evaluation
Understanding EUD principles

Task-based observational user testing
Contextual inquiry
Questionnaires
Observations
Interviews
Observations
Interviews
Documentation analysis
Usage logging
Questionnaires
Observations
Interviews
Questionnaires

Spahn and Wulf 2009

Yes
No
Yes
Yes

Table 9.3 Aims of, and research methods used in the surveyed studies.

How to best capture evidence of the success of an EUD
deployment?
The studies discussed in this chapter are characterized by a great diversity their approaches,
methods, goals and results. Therefore, it is not trivial to draw a conclusion about what are suitable methods for capturing evidence of successful EUD deployments. On the other hand, if I
take a step back and look at how the different studies have interpreted the evaluation task, I can
make some interesting observations.
Earlier in this chapter, I stated that successful EUD deployments maximize the value of EUD with‑
in their context, thus increasing the likelihood that EUD practices contribute to the achievement of an end‑user’s
goals. Success, by this definition, is thus strongly related to the goals that a particular end‑user
of the EUD technology has in a particular context. As has been shown before, these goals vary
greatly between different cases, and range from ‘allowing patients to live more independently’
(therapists, [6]) to ‘developing web-based hypermedia to pass a course’ (high-school children,
[5]), and ‘running a profitable business’ (Australian SMEs, [21]).
As much as the goals of the end‑users in the contexts of the surveyed studies differ, the role
that EUD plays in these contexts differs as well. For example, the relative importance of an
up‑to‑date website for an SME in [21] might be less than the importance of a working memory
prompting system for the cognitive disabled in [6]. SMEs will probably primarily be focused on
producing and selling goods and services. Maintaining an up‑to‑date online presence can help to
increase sales, but is usually not amongst the core activities of such companies.
It can be argued that the evaluation approach, and the methods and measures used should be
adapted to the role that EUD is expected to play within the end‑users’ daily lives. For example,
adopting an action research approach where researchers collaborate with end‑users in the deployment and evaluation of an EUD environment over an extended period of time, might not
be the right choice if the prospective adoption of EUD practices will remain low and infrequent
(e.g., [21]). However, it is not always trivial to estimate the importance of EUD for the context
in which it is being implemented. For example, in my own studies I expected the importance of
EUD in the use of TagTrainer to be greater than it turned out to be. Though therapists indicated that providing patient-centered training content is an important consideration to them, in
practice they often settled for readily available, not specifically patient centered exercises from
the library.
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Since it is difficult to predict in advance what the rate of EUD adoption will be, it is sensible
to adopt a staged approach in the evaluation of EUD systems. Rogers [18] famously describes
a five-stage model on the diffusion of innovations that provides us with sufficient theoretical
guidance to propose suitable methods of evaluation for the different stages of EUD deployments. The five stages of his model are (adapted from [18:169]):
1. Knowledge, occurs when an individual is exposed to an innovation’s existence and gains an
understanding of how it functions.
2. Persuasion, occurs when an individual engages in activities that lead to a choice to adopt or
reject the innovation.
3. Decision, takes place when an individual engages in activities that lead to a choice to adopt or
reject the innovation.
4. Implementation, occurs when an individual puts a new idea into use.
5. Confirmation, takes place when an individual seeks reinforcement of an innovation decision
already made, but he or she may reverse this previous decision if exposed to conflicting
messages about the innovation.
Importantly, the five stages of Rogers’ model show us that at different moments during a deployment process, different factors become important for the end‑user in relation to the adoption of the technology that is being deployed.
If we now turn the question with which I started this section - on the best way to capture evidence of successful EUD deployments - we can use Rogers’ model to define for each stage what
evidence could or should be collected in support of any statement on the success of an EUD
deployment. If I translate Rogers’ model to the case of evaluating EUD deployments, certain
evaluation methods come up naturally at the different stages:
1. Knowledge: the purpose of this stage is to evaluate the end‑users’ understanding of the EUD
system being deployed (e.g., self-efficacy), as well as its usability and functionality. Self-efficacy could be measured by a questionnaire based on Bandura’s guide for constructing self-efficacy
scales [2]. Usability could be assessed by performing think-aloud experiments, where end-users (or representatives) are tasked to accomplish certain goals with the system that allow the
researcher to assess as much of the system as possible for usability flaws. Importantly, this
stage acts as a safe-guard for future stages, in that the data collected will probably not directly
provide scientifically interesting results, but provides pointers as to whether the EUD technology is ready to be deployed.
2. Persuasion: once confidence has been reached about the usability of the EUD technology, the
next step is to evaluate the end‑users’ attitude towards the system, for example by using the
UTAUT model [24]. Although the UTAUT model includes measures that appear in the previous step as well (e.g., usability), their application in this stage is different. No longer is the
focus on finding specific aspects in the technology that need to be addressed. Instead, this
stage focusses on obtaining an overall picture of the acceptance of the technology, wherein
usability is merely one factor of importance.
3. Decision: technology acceptance provides us with a measure that tells us something about
the technology, i.e. whether or not it is accepted for actual use. Even if the technology is
accepted, end-users themselves still have to decide whether or not it is useful to engage with
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a particular technology in a context of actual use. In this stage, on should evaluate whether,
in the opinion of the end‑users, adopting EUD practices will lead to a positive outcome of
the cost/benefit tradeoff related to the adoption of EUD practices. E.g., the Attention Investment model described by Blackwell [3][4].
4. Implementation: once an end-user has decided to start using EUD technology, it becomes
interesting to evaluate the EUD practices that end‑users develop, the role that EUD starts
playing in the context in which it is deployed, and most importantly, the extent to which
the EUD practices help the end‑user to achieve his or her goals. Ideally, such information
is gathered through a number of measures, such as observations of the technology in use,
stakeholder interviews, and automated logging of usage and EUD behavior.
5. Confirmation: eventually, deployments of EUD technologies will either persist or fail to persist. In either case, it is useful to evaluate whether the decision to (not) engage in EUD has
sustained after a period of time, and if not, what has caused the end‑user to reverse his or
her initial decision.
The advantage of designing evaluations in a staged approach, as outlined above, is that we can
pinpoint more precisely the reasons for (un)successful EUD deployments. It also protects us
from setting up large, time-consuming and expensive evaluations that study EUD practices, if in
an earlier stage we can detect threats for a successful deployment (e.g., usability flaws, acceptance
issues). The first two stages can, in principle, even be evaluated in a laboratory setting, assuming
that the participants are representative for the prospective future adopters of the system. Finally,
the structured and staged evaluation approach allows us to better compare different cases of
EUD deployments. It provides us with terminology to discuss these cases in a context-independent manner, and allows us to draw generalizations over several cases of EUD deployments,
even if these cases themselves are context-specific.

The role of new technology in EUD deployments
Earlier in this chapter I stated that the EUD component of a technology is per definition auxiliary to that technology. This means that in any case where EUD technology is introduced, this
technology either comes on top of an existing technology (e.g., a plugin to existing software), or
is deployed simultaneously with another, new host technology (e.g., the case of TagTrainer).
As I have experienced myself, evaluating the impact of introducing EUD in an organization
while simultaneously introducing a new host technology can lead to a difficult situation. The
impact of the introduction of the new technology might overshadow the impact of introducing
EUD, thereby obscuring the effects that the introduction of EUD might have had. Furthermore, the actual adoption of EUD practices might, in such a context, be hampered by the fact
that the technology introduced does not align with the existing practices within that context (i.e.,
what Rogers calls compatibility with previously introduced ideas [18]).
In my own studies, I tried to account for the possibility of a bias caused by the introduction of
a new technology, by adopting a staged introduction of the TagTrainer system. First, the system
was introduced as a technology for physical rehabilitation, without focusing on the possibility
for therapists to modify or create exercises. In a later stage, the participating therapists were
instructed on the EUD possibilities that the system offered them. The rationale was that therapists could first get used to working with TagTrainer as a new technology for physical arm-hand
rehabilitation. Then, once they had adopted the technology for this purpose, they would be
introduced to EUD. I assumed that through this approach, the novelty of the technology would
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no longer interfere with the introduction of EUD. Still, many of the issues that were raised by
therapists in the later stages of my deployment studies were related to the system in general, and
not specifically to the possibility to modify or create exercises. Some of these issues would have
such a negative impact on their perception of the system, if not mitigated, that therapists would
abandon the system completely, rendering us unable to study EUD adoption and practices.
The studies in the survey however, reveal different results. Four of these articles report a simultaneous introduction of a new technology, as well as EUD, as part of their study. Still, they do
not report on issues in the adoption of EUD practices arising from this simultaneous introduction, nor do they report on the occurrence of a results bias. It is possible that in some cases, such
as the case that Spahn and Wulf studied [22], the technology that was introduced was compatible
enough (see [18]) to the technology their participants had been working with previously, that it
did not cause any significant problems.
Earlier, I asked myself whether it is sensible to separate the evaluation of the EUD-part of an
environment from the other parts. Unfortunately, this question cannot conclusively be answered
from the results of my survey. The fact that none of the surveyed studies report on issues arising
from the simultaneous evaluation of the technology and EUD practices does not mean that such
issues do not occur. Moreover, since in my own studies I did encounter these issues, I believe that
the answer to this question depends on the context in which the EUD system is being deployed.

9.7

Conclusion

The insights and findings that have been derived from the work that was presented in the previous chapters led me to a reflection on the evaluation of EUD deployments. From my own
experiences, evaluating EUD deployments is far from trivial, since it is difficult to define the
precise subject of evaluation, and to determine which approach and which methods are suitable
for such an evaluation.
In this chapter, I have explored these questions by first defining what makes EUD deployments
different from regular software deployments. Then, I discussed the evaluation of TagTrainer,
after which I presented a literature survey on EUD deployment studies. Finally, from this survey
and from my own experiences, I discussed suitable ways to evaluate EUD deployments.
I propose that future evaluations of EUD systems take into account:
1. A staged evaluation approach, evaluating sequentially the end‑users’ knowledge about and
acceptance of the deployed system, the tradeoff that the end‑users face in considering to
engage in EUD activities, the EUD practices and activities that end‑users develop, and finally
whether these practices sustain after a longer period of time.
2. A staged implementation of the host technology (the technology to which support for EUD is
added) and the EUD technology, if the host technology is novel to the end‑users and potentially requires them to change their existing practices.
I believe that if future EUD deployment studies take these suggestions into account, we can
more effectively compare different studies and draw generalizable conclusions from their data.
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10. Conclusion
10.1 Summary of the work
The work presented in this thesis concerns the application of end-user development (EUD)
principles to the field of technology-supported rehabilitation therapy. The application of technology in rehabilitation therapy has many potential benefits, such as providing increased training
intensity, allowing for independent training by patients and providing increased motivation to
patients. Despite these benefits, the difficulty of using technology in rehabilitation therapy is that
it is usually not easily adaptable to the needs of individual patients, at least not by those who are
most knowledgeable about the needs and capabilities of patients in physical rehabilitation, i.e.
their therapists. Therefore, this thesis has investigated whether the application of EUD in the
design and deployment of rehabilitation technology can allow for the creation and modification
of patient-centered therapy content by rehabilitation therapists. More specifically, the research
question that underlies the work in this thesis is: What is required for a successful deployment of an
end-user extensible technology for physical rehabilitation?
In chapter 2 I set out to find the answer to two intertwined questions regarding therapists as
end-user developers of rehabilitation exercises. The first question that I was interested in, is what
the requirements are for an end-user extensible physical rehabilitation technology that supports
therapists in acting as end-user developers of rehabilitation exercises. In answer to this question,
chapter 2 describes the design process of TagTrainer, an end-user extensible interactive technology for physical rehabilitation training. The second question that is explored in chapter 2 is
whether therapists, in principle, could act as end-user developers of rehabilitation exercises. To
answer this question, an early version of TagTrainer was evaluated with physiotherapy students
on its usability, and the students’ ability to modify and create customized therapy exercises. The
results of this study have shown that, in principle, the students were able to perform the EUD
related tasks with TagTrainer. However, the study also found issues on the usability of TagTrainer, some of which were so profound that a complete redesign of TagTrainer was deemed
necessary before it could be deployed in a context of actual use. This redesign process, and
the result thereof, have also been presented in chapter 2. The redesigned tool, TagTrainer 2.0,
provides therapists with a graphical user interface that supports them in creating, modifying or
extending therapy exercises. Therapists specify movement targets on representations of TagTile
boards, and sequence these targets into an exercise. Further, therapists can specify the particulars
of objects that are to be used in performing such exercises, e.g., a teapot with a bottom and a lit.
Finally, TagTrainer 2.0 provides therapists with an interface to schedule several exercises as an
exercise program, which can then be executed independently by a patient.
Following the design of TagTrainer and the lab study on its usability, and therapy students’ ability
to perform EUD activities, in chapters 5 and 6 I set out to find answers to two more questions.
The first one questions whether therapists will act as end-user developers of rehabilitation exercises in a real-world clinical setting. The lab study had shown the feasibility of the principle, but
to test whether EUD practices would develop in a practical setting, I set out to conduct four field
studies in which TagTrainer was deployed in the context of actual physical rehabilitation clinics.
Though the four studies were performed in different contexts, with different participants, and
within different organizations, the results over the four studies were remarkably similar. In all
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studies, therapists did adopt EUD practices, though the sustainability of these practices seemed
to depend on the level of involvement the researchers had in a study. In the first study, where a
researcher would be present continuously for technical support, therapists engaged frequently in
EUD activities. This prompted follow-up studies in which the researchers’ involvement was decreased, to examine whether a similar result would be found with less directly available support.
Compared to the original study, the amount of EUD activities decreased in the latter studies
where the researchers were less frequently present.
The second question that I was interested in exploring through the four field studies, is which
EUD practices therapists would adopt when an EUD system is deployed in a clinical setting.
The studies revealed different patterns of use amongst the participants. Some participants would
adopt roles as consumers, while others were more actively involved in the creation and modification of exercise content. One important finding concerns the reuse of therapy exercises.
Reuse of peer-created content can possibly reduce the (time) investment that therapists need to
make to offer personalized training content to their patients. Where I expected to see a lot of
reuse of peer-created exercises amongst my participants, most of them would actually choose
to develop their own exercises, even if very similar content was already available in the exercise
library. The participants indicated that finding, and assessing the value and content of peer-created exercises required a higher investment of time than they would spend on creating a similar
exercise themselves. This behavior was persistent across all studies, even though TagTrainer was
modified to facilitate the quick discovery and assessment of peer-created training exercises after
the first study.
TagTrainer was valued by therapists as a tool for physical rehabilitation, since it allowed them
to create patient-tailored exercises and to use objects of daily life in technology supported rehabilitation training. Also, the great variety in available exercises and the promise of being able
to track a patient’s performance were valued. On the other hand, therapists reported that setting-up TagTrainer for individual patients consumed a relatively large amount of the treatment
time available to those patients, though improvements to the startup time were implemented in
later versions of TagTrainer. Also, the ability for therapists to use multiple TagTiles in a single
exercise was welcomed; it greatly increased the range of exercises for which TagTrainer could
be used. Finally, though the TagTrainer’s potential for allowing independent training by patients
was recognized by therapists, they indicated that more support and guidance from the system
was needed before most patients could work completely independently.
The experiences that were gathered from the design, evaluation and deployment of TagTrainer
provided me with a number of insights into particular aspects related to end‑user development,
tangible interaction and rehabilitation technology.
Chapter 6 presents five key issues that designers of tangible interactive technology have to face
when they are planning to cater for EUD activities: 1) Integrating the virtual with the physical,
2) Manufacturing physical artifacts, 3) Supporting end users in designing interactivity, 4) Anticipating for non-information workers, and 5) EUD within a social-technical context. These issues
have been derived from the research on TagTrainer, and research on the design of interactive
outdoor games.
Chapter 7 draws inspiration from the experiences gathered during the deployment of TagTrainer in the rehabilitation clinics. One of the key improvements to TagTrainer that was suggested
by the therapists, was to have TagTrainer provide performance feedback to patients. Not only
would accurate and relevant feedback improve the performance and motivation of the patients,
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it would also allow patients to work more independently, such that therapists could attend to
other patients. Chapter 7 explores the design of a patient feedback module for TagTrainer, taking into account the specific requirements that stroke patients put on such technology. Beyond
presenting a prototype design of such a patient feedback module, the chapter concludes with a
range of guidelines for the design of patient feedback for stroke patients in general.
Ideally, while preparing for the deployment studies of TagTrainer, we should be incorporating
lessons learned in previous deployment studies of EUD systems. However, there appeared to
be very few of such studies, and the knowledge about successfully deploying EUD systems that
they could provide me with was severely limited. This prompted me to, in chapter 8, perform a
systematic survey on the research methods that are used in EUD research. The survey, reviewing
all full-paper publications on EUD related research from major and relevant journals and conferences between 2004 and 2013, revealed a number of interesting insights. For example, much
of the EUD research concerns applied engineering of systems, followed by a lab evaluation of
these systems. Field evaluations were found to be much less common, though publications on
field evaluations received significantly more interest from the research community than publications on lab evaluations.
Finally, in chapter 9, I again turned to the evaluation of EUD deployments. In this chapter, I
reflected upon EUD evaluations, by asking myself questions such as: what exactly needs to be
evaluated, in order to conclude anything about the success of an EUD deployment? Which
measures should be taken, which outcomes are to be expected, and who should be queried for
this information? I approached these questions from the experience of my own EUD deployment studies. Furthermore, I drew from a structured literature survey on previous studies of
EUD deployments, and the lessons about performing evaluations that could be learned from
these studies. The outcome of the survey pictures a landscape consisting of rather ad-hoc and
scattered approaches towards the evaluation of EUD deployments. Therefore, I proposed that
future evaluations of EUD systems take into account a staged evaluation approach, evaluating sequentially the end‑users’ knowledge about, and acceptance of the deployed system, the
tradeoff that the end‑users face in considering to engage in EUD activities, the EUD practices
and activities that end‑users develop, and finally whether these practices sustain after a longer
period of time. Additionally, I recommend a staged implementation of the host technology (the
technology to which support for EUD is added) and the EUD technology, if the host technology is novel to the end‑users and potentially requires them to change their existing practices.

10.2 Contributions
This PhD research has resulted in a number of contributions that are scientific and practical in
nature:
A practical contribution of this thesis is the design, implementation and deployment of TagTrainer, an end-user extensible tangible and interactive platform for physical rehabilitation.
The major scientific contributions from this thesis are:
•

The first study into the application of EUD in rehabilitation technology.

•

Better insight into the requirements for a successful deployment of end-user extensible technology in the domain of physical rehabilitation.

•

The first systematic overview of the research methods used in the field of EUD.
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•

The first systematic overview of EUD deployment studies.

•

An overview of the challenges that arise when incorporating end-user development principles in the design of tangible interactive technology.

•

A set of guidelines for the design of patient feedback for stroke rehabilitation technology.

•

An analysis of, and guidelines for the evaluation of EUD system deployments.

Below these contributions are discussed in more detail. Where relevant, I indicate the relation of
a contribution to the research questions as they have been posed in chapter 1.

Design, implementation and evaluation of TagTrainer
TagTrainer is the first tangible, interactive technology for physical rehabilitation training that is
end‑user extensible. Earlier probes into end‑user customizable rehabilitation technologies often
offered minor control to therapists (e.g., parameter setting), but TagTrainer is the first rehabilitation technology that allows for structural modifications, and even the creation of entirely new
training exercises.
My studies have for the first time shown the potential of applying EUD supporting tangible
technology in the context of physical rehabilitation. In answer to research questions RQ2, RQ4
and RQ5, I found that many therapists will act as creators of rehabilitation exercises in a clinical
context, and that their EUD practices are greatly influenced by the organizational context they
work within, as well as by other factors such as support for exercise reuse (see chapters 5 & 6).

Insights into requirements for deployment of EUD technology
Through the four deployment studies of TagTrainer that were presented in this thesis, I gathered
important insights into the requirements for the successful implementation of EUD technology,
especially in the domain of rehabilitation healthcare. Beyond a working and usable technology,
other factors such as providing organizational support, aligning to the organization’s revenue
model, and enabling end‑user developers to create beyond technically correct, usable software
(especially in cases where EUD creations are used by others than the creator) play an important
role as well. This contribution provides an answer to RQ1.

Overview of research methods in EUD
Although there have been earlier, relatively recent surveys in the field of EUD (e.g., [9]), this
thesis has presented the first structured literature survey on the research methods used in EUD.
This survey can aid EUD researchers in (re)focusing their research activities, by revealing which
methods are widely used, and how work based on particular methods is valued by the research
community. The survey has revealed that not only there is a strong tendency towards applied
engineering and lab evaluations research, but an analysis of the citation scores also showed that
there is a discrepancy between the research performed and the research that is the most appreciated by the research community. Case-study evaluations, and field studies and surveys aimed at
understanding are relatively underrepresented as research methods, but are nonetheless well-cited by the EUD research community.
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Overview of EUD deployments
Complementary to the previous contribution, this thesis has also presented a systematic literature survey on EUD deployment studies. The survey, originally intended to find the determinants of successful EUD deployments, revealed a very low number of articles describing EUD
deployments. In fact, as the other literature survey in this thesis has confirmed, EUD-related
research seems focused on retrospective analysis of existing EUD cases, and on laboratory studies of EUD tools. The research landscape on EUD deployment studies is very fragmented in all
aspects (participants, setup, method used, etc.). Therefore, it is impossible to draw from this literature generalizable conclusions about what factors impact the success of an EUD deployment.

End-user development applied to tangible interactive technology
As tangible interactive technology is moving into everyday life, there is a growth in the applications related research and design work in this field. I argue that the potential of these technologies can be even further leveraged by enabling domain experts such as teachers, therapists
and home owners to act as end-user developers in order to modify and create content for their
tangible interactive systems. However, there are important issues that need to be addressed if we
want to enable these end users to act as developers. In chapter 7, I identified five key challenges
for meta-designers in enabling end-users to develop for tangible and embodied interaction: 1)
Integrating the virtual with the physical, 2) Manufacturing physical artifacts, 3) Supporting end
users in designing interactivity, 4) Anticipating for non-information workers, and 5) EUD within
a social-technical context. This contribution provides a part of the answer to RQ3.

Guidelines for the design of patient feedback for stroke rehabilitation
technology
Feedback is known to play a key role for the effective rehabilitation of patients after stroke.
Although general guidelines exist for UI design for people with physical and cognitive disabilities, and feedback systems have been evaluated with non‑disabled persons, little is known about
how best to design feedback for interactive technologies supporting rehabilitation after stroke.
I developed a patient feedback module for TagTrainer and based on the evaluation of this technology with seven stroke patients, I proposed five guidelines for the design of patient feedback
for stroke rehabilitation technology. This contribution provides a part of the answer to RQ3.

Guidelines for the evaluation of EUD deployments
In chapter 9, I presented a survey that shows that evaluations of EUD deployments so far do not
share a common framework, and form a rather fragmented picture. I attempt to structure future
EUD evaluations, by proposing a staged approach that aligns to the way in which innovations
(such as EUD) tend to be diffused. Further, to facilitate EUD deployments and the evaluation
thereof, I recommend that in certain cases where a new host technology is deployed next to EUD
technology, the deployment of EUD technology is postponed until the host technology has
been accepted and incorporated by the end‑users. By incorporating my suggestions, future EUD
studies can be compared more effectively, and generalizations can be drawn from such studies
more easily.
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10.3 Reflections & future work
The research presented in this thesis has uncovered a number of issues and solutions related to
the topics of physical rehabilitation technology, EUD and tangible interaction. However, it has
also uncovered many more questions that would have been relevant to this thesis. In this section,
I discuss some of these questions, and I provide an outlook towards future developments related
to the topics addressed by this thesis.

A community of therapists, a culture of participation
One of the original goals of the WikiTherapist project, that this research is part of, was to develop a community that forms “a sustainable participatory network structure for creating and disseminating
technology supported therapy software” [11]. The focus on the communal aspect in WikiTherapist has
its origin in the project’s inspiration source: Wikipedia. The rationale of building a community
related to end-user extensible rehabilitation technologies such as TagTrainer was that it would
boost the use and usefulness of TagTrainer by enabling the sharing and reuse of end-user created artifacts. Not only would reuse lead to a reduced workload for the community members (after
all, double work and re-inventing the wheel could be avoided), it could also act as a source of
motivation for the community’s members to engage in the modification and creation of therapy
exercises themselves. Therapists (and other stakeholders) could adopt different roles within the
community (see e.g., [4]), ranging from consumers of therapy exercises to meta-designers of the
TagTrainer software.
Unfortunately, the original vision of building such an extensive and vibrant community of therapists (and others) around TagTrainer never really came into existence. At best, a number of
smaller, intra-clinic communities existed in parallel, but neither did these communities connect
or exchange, nor were there any vivid activities going on within these sub-communities themselves. There are a number of reasons why the community, as it had been envisioned in the
project proposal, never really came into existnce:
First, the size of the TagTrainer community has remained very small. The total number of participants in my studies was already limited by practical constraints (e.g., not all therapists could
be ‘withdrawn’ from regular therapy at the same time). Moreover, only a fraction of the participants actively engaged in the use of TagTrainer, in the modification and creation of exercises,
and in the exchange of knowledge and exercises. This small ratio of contributors versus ‘lurkers’
is often found in (online) communities [10]; it rarely happens that a majority of the community
members are actively involved in the community. However, in small communities, it is essential
that a large proportion of its members actively contribute to the community, in order for the
community to be sustainable [13]. Without sufficient contributions, the perceived usefulness of
the community declines, and the likelihood of community engagement diminishes even further
[15].
Second, the perceived usefulness of having a community around TagTrainer was fairly limited.
Given the diverse nature of physical rehabilitation treatments, TagTrainer could address only a
small part of the entire rehabilitation process. For example, gait training requires training activities that cannot be addressed by an interactive tabletop system such as TagTrainer. Therefore,
any interaction with the TagTrainer community would only serve a fraction of the activities that
therapists were involved in. The level of engagement in the community would thus by definition
stay low, which in turn has a negative influence on the perceived usefulness [15].
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The question is whether it is realistic and useful to invest in the design and implementation
of a community that serves a very specialist purpose, and that has a relatively small user base.
Through my studies, we now know that beyond the technology being adopted by its users, is important that the technology and community should be central to a substantial part of the members’ activities, that EUD activities should fit the organizational practice within clinics, that there
the community has been properly seeded [5] and that a substantial number of users is required for
a community to evolve. Only if these requirements are fulfilled, there is a reasonable chance that
a culture of participation [4] will develop. Still, though the concept of a culture of participation
is interesting and has proven to be valuable in other contexts, it might not be achievable in cases
such as the one studied in this thesis. It is easy to project a vision in which members of such a
culture of participation happily engage in mutually beneficial transactions, but getting to such a
point in the development of a community is the part that is hard, and requires a process in which
the relevance of the community for its stakeholders should be questioned continuously.
Future work on cultures of participation should aim to investigate under which circumstances it
is both useful and feasible to promote a culture of participation, and under which circumstances
it might be better to stay with an alternative model, such as the traditional consumer vs. producer
model.

Collaborative end-user development with TagTrainer
While attempting to form a formal community of stakeholders around TagTrainer could facilitate collaborative work practices, there are other, less formal design decisions that could facilitate
collaborative EUD practices. One example of such a decision that has been implemented in
the current TagTrainer system, is the login functionality for therapists. This functionality allows
therapists to identify the exercises they have been creating or modifying, both to themselves as
well as to their colleagues. If, for example, a therapist wants to find out details about a particular
exercise, (s)he can look up the exercise creator and approach this person for information. In that
sense, it helps therapists matching the patient’s need with a suitable exercise.
While matching patient needs with exercises is one process that could benefit from collaboration
functionality, it is but a part of the larger treatment process therapists are running. From my
interviews with the therapists who participated in the studies, I distinguish roughly four phases
in the treatment process that could benefit from collaboration functionality:
1. Determining the need for a particular training. Naturally, in any treatment process the first
question that a therapist needs to answer once a patient’s condition and goals are known, is
what training (regardless of any technology involvement) would be most beneficial to the
patient. While there is not a direct link to TagTrainer here, one could imagine computer-aided support in choosing a particular training strategy, possibly based on previous experiences
with similar patients (see point 4).
2. Determining whether TagTrainer is the right tool for training. Once a therapist has determined a particular training strategy, (s)he needs to pick the right tools for the job. TagTrainer
might be that tool, or it might not be. One could imagine collaborative functionality that
supports therapists in making this decision more effectively.
3. Matching the patient’s needs with an exercise, possibly requiring modification or creation
of an exercise. If a therapists has determined that TagTrainer is the right tool for a particular
patient and context, the next question is what exercise should be performed with TagTrainer
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to achieve optimal training results. If no suitable exercise already exists, collaborative functionality might help therapists in modifying existing, or even in creating entirely new exercises (e.g., by providing examples of similar exercises).
4. Reviewing the effectiveness of the exercise used. Finally, once a therapist has actually
used TagTrainer for a particular patient and in a particular context, (s)he will review the effectiveness of the chosen exercise. This information might be valuable for other therapists
as well – one could easily imagine collaborative functionality that would feedback therapists’
experiences to colleagues in earlier stages of the treatment process (see points 1, 2 and 3).

End-user development beyond software
Traditionally, EUD has focused on the phenomenon of end-users engaging in the creation or
modification of software artefacts. The origin of EUD research is in the psychology of programming (e.g., [2]), which explains why the focus so far has remained on the development of software. However, as has also briefly been explored in this thesis (chapter 6), there is a potential for
studying the development of end-user created artefacts in the physical domain as well. Especially
on the crossing between the physical and virtual world (i.e. the domain of Tangible and Embedded Interfaces (TEI)), there is much to be gained from the experiences from EUD research.
I believe that the time has come to start considering the end‑users of any product as potential
end‑user designers [14]. Future products and services should cater for modification, extension and
creation by their end‑users, regardless of their form (virtual, physical or both). This requires
researchers to approach this vision from a wide variety of perspectives, such as software development, product design, crafting [7], cultures of participation [4] and socio-economics [6]. Last
but not least, such a transition also requires an educational transition, in which design thinking is
taught to form the basis for a society of end-user designers.
A central question in this is how well the knowledge on EUD transfers to the physical domain.
Which lessons apply to both the virtual and the physical world? Where are the differences?
Which tools are suitable for ‘physical end‑user development’ (i.e., end‑users engaging in the modification or creation of physical artifacts)? What will end‑user developable, physical products look
like? What can we learn from end‑user developed physical artifacts that applies to software EUD
as well?
In a more general sense, the bridging of physical-virtual divide in tangible interactive systems is a
well-addressed topic. For example, Ullmer et al. have proposed to model the interaction between
physical objects and virtual systems through token+constraint systems, where physical objects act
as token representations of their digital counterparts, and constraints confine regions that are
mapped to digital operations [16].
However, the transfer of EUD concepts such as end‑user tailorability to the physical domain
is an entirely different story. Although examples of tools for physical EUD exist (e.g., Lego,
FabLabs [6]) exist, examples of the adoption of physical EUD practices by end‑users of physical
products are much harder to find than is the case for software EUD. Of course, the physical dimension itself puts additional constraints on what is possible (e.g., material properties come into
play) and arguably requires a greater variety of skills compared to software EUD, traditionally
associated with craftsmanship (e.g., hammering, sawing, sewing, soldering). These constraints
might have limited the adoption of EUD practices in the physical domain so far. On the other
hand, tools for the creation of interactive physical artifacts are readily available on the market
(e.g., Phidgets [8] and Sifteo cubes [12]), and require very little specialist knowledge to be used.
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I believe there is great potential in ‘unlocking’ the physical domain for EUD, as has also been
shown by examples from this thesis (e.g., therapists performing physical modifications to TagTrainer (chapter 4)). Although the tools to be used are different, the practices and mindset
required to engage in virtual and physical EUD are probably very much alike. Future research
should focus on identifying how concepts of traditional, virtual EUD can be transferred to
physical EUD, and on which domains are the most suitable for the application of physical EUD.

Design thinking
It is easy to confuse an end‑user developer with an inexperienced developer. While it might be
true that in many cases end‑user developers are indeed novices in software development, it is
not a unifying property of end‑user developers. Many people who have had professional training
in software development will, in certain cases, still be involved in EUD activities. Conversely,
though probably rarer, not all programmers who have never had formal software development
training perform EUD activities.
Still, it is undeniable that being experienced in software design makes it easier to engage in EUD.
Besides being trained in the use of software development tools (e.g., IDE’s) and in the understanding of software related terminology, there is one aspect that is less tangible, but probably
poses the biggest hurdle for novice end‑user developers to engage in EUD: design thinking.
Design thinking has been defined as “…a discipline that uses the designer’s sensibility and methods to
match people’s needs with what is technologically feasible” [3]. Opposed to scientific, or ‘engineering’
thinking that is characterized by approaching a problem in a systematic and repeatable way, design thinking is characterized by a practice oriented, iterative, intuitive, and trial and error based
approach that should eventually lead to a solution that is good enough, but not necessarily constitutes the best solution to a problem.
Most people who are not designers (in the broadest sense of the term), have little experience in
design thinking. Design thinking is not so much about one’s ability to solve a particular problem,
as it is a generic method, applicable across domains, for dealing with particular class of problems
in a structured way. The solution to these problems usually requires an act of creation.
In my studies (chapters 5 and 6), participants were asked about the specific way in which they
addressed the problem of creating personalized exercises for their patients. Their answers revealed that they had very different approaches to solving this problem. One therapist would
start from a technological perspective (i.e. “what can I do with this technology that addresses my
patient’s needs?”), another therapist from the perspective of the patient (i.e. “how can I create
this exercise using TagTrainer?”). Yet another therapist would not resort to the creation of a new
exercise at all, but match his patient’s needs with existing exercises that were available from the
exercise library.
Design thinking would have helped the therapists in these examples to approach the problem in
a more explorative manner, allowing them to quickly test, confirm and refine ideas on the use
of TagTrainer in their therapy sessions. If we envision a future in which many products and
services are end-user developable, and in which people take an active role in the modification
and creation of these products and services, design thinking needs to become a basic skill, much
like reading and writing.
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The role of end‑user tailorable technology in rehabilitation healthcare
This thesis has shown the potential of using end‑user tailorable technology in physical rehabilitation. It has shown that the principle of medical professionals as end‑user developers is
feasible, provided that the right tools are available. However, my studies have also shown that
the successful deployment of such tools in clinical practice requires much more than just a tool
supporting EUD. One factor that seems imperative to a successful adoption of EUD practices,
is the relative importance of the EUD supporting technology for the end‑user developer. Since
EUD is an auxiliary activity, if the main activity that it supports occupies just a minor role within
the end‑user’s work, the cost of learning, adopting and maintaining EUD related activities for
this tool, might be too high. This creates a paradoxical situation on the application of EUD
technology to rehabilitation healthcare. On the one hand, the nature of physical rehabilitation
therapy requires specific, patient-tailored solutions, which EUD could very well cater for. On
the other hand, this also means that therapists use a great variety of different tools and methods
in their treatment, leaving just a minor role for specific EUD supporting technology such as
TagTrainer, and thus reducing the likelihood that therapists will engage in EUD activities with
such technology.
Still, EUD technology can play an important role in rehabilitation healthcare. One direction
that could be taken to increase the feasibility of applying EUD to rehabilitation healthcare, is
to encourage a more active role for the patients and their caregivers. Although they might lack
the clinical knowledge that is required for the design of functional therapy exercises, they are
usually highly motivated to improve their situation, and they might be more willing to invest time
and effort in adopting EUD practices for rehabilitation technology than their therapists. Another direction that might be worthwhile exploring, is the creation of a ‘family’ of products for
physical rehabilitation that supports EUD, such that the skills required to perform EUD can be
transferred easily between the products of such a family. This can increase the potential value of
learning and adopting EUD practices, while the costs for doing so can remain steady. Eventually,
this might increase the adoption of EUD practices amongst therapists.
A final word of caution is due in regards to applying EUD in the domain of physical rehabilitation, and healthcare in general. Currently, the introduction of new clinical tools and practices
often requires that these tools and practices perform as least as good as, or even better than the
existing ‘gold standard’ (the currently best available treatment). To measure and compare the
performance of new tools and practices, tedious and costly clinical trials are usually required.
Only once the outcome of such trials provides conclusive evidence that the new tool or practice
provides benefits over the current standard, the new tool or practice will be accepted for clinical
use. In the case of EUD-supporting rehabilitation technology, the question arises how to evaluate the clinical performance of such a tool. After all, therapists might produce both exercises
that have positive as well as negative clinical effects on the condition of a particular patient. Both
a legal (whose responsibility is the quality of EUD-created exercises?) and clinical (how can you
ensure that custom created exercises actually help a patient?) discussion is required before EUD
systems can systematically be introduced in the domain of physical rehabilitation, and healthcare
in general.

Action research as a research method for EUD deployment studies
The first deployment study of TagTrainer was designed as an action research study. The rationale
behind action research is that it fosters both research, as well as practical advances, and thereby
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provides benefits for both the researchers as well as the participants. Further, though variations
on this are possible, true action research is characterized by the fact that researchers not only
perform research, but are actively involved in solving real-world problems that participants are
facing, and vice versa participants are contributing to the research, for example by providing
interpretation of the research data gathered [1].
I chose this particular method for the first deployment study, since action research promotes a
similar strain of end-user empowerment (end-users become active stakeholders in the research
project) as end-user development (end-users become active stakeholders in technology development). Furthermore, the method allowed me to be closely involved in the daily clinical practices,
and to respond quickly to any demands from therapists regarding the design and deployment of
TagTrainer. While in this regard action research has proven a valuable research method, I have
also encountered situations where this research method complicated my research.
One important pitfall of action research is that its outcomes are hard to generalize. Issues that
may seem very important within the context of one study might bear little relevance for other,
comparable studies. A more delicate matter in applying action research for studying EUD deployments is that by actively working towards practical improvement (e.g., by improving TagTrainer software), I might have influenced the therapists’ willingness to uptake TagTrainer as a
technology for physical rehabilitation. While it is reasonable to believe that improving a technology will have a positive impact on its adoption in a practical setting, it is questionable whether
this renders the results of my studies less valuable or even invalid. After all, in any non-scientific,
practical setting an organization would have made similar improvements in order to facilitate the
adoption of a newly deployed technology. Therefore, I believe that action research can still be
a valuable method for studying EUD deployments, though researchers should be aware of the
potential pitfalls and interpretation biases that come with the method.

10.4 Closing remarks
This thesis aimed to answer the question “What is required for a successful deployment of an end-user
extensible technology for physical rehabilitation?” The design, deployment and evaluation of TagTrainer
has shown that many things are required for a successful deployment. It has also shown how
many of these requirements can be fulfilled for the specific domain of rehabilitation (e.g., designing an adequate tool for EUD), but that others are more difficult to achieve (e.g., long-term
adoption of EUD practices).
Above all though, this thesis has shown that there is significant potential in applying EUD to the
domain of technology-supported physical rehabilitation. TagTrainer has been used successfully
in actual rehabilitation training, and therapists have created and modified exercises, and even
trained other therapists in doing so. Though TagTrainer might not yet be a perfect solution, it
does represent a great starting point for future explorations in applying EUD to rehabilitation
technology; enabling therapists and caregivers to provide patient-tailored exercises remains a
strong concept.
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Appendices

A. UTAUT questionnaire used in case
study 1
Er volgen nu weer een aantal stellingen. Geef bij iedere stelling aan in hoeverre je het er mee
eens bent. Gebruik hierbij de volgende schaal:
1

2

3

4

5

6

7

Helemaal
oneens

Helemaal
eens

Ik denk dat het Tag-Trainer systeem nuttig is voor mijn werk.

1

2

3

4

5

6

7

Werken met het Tag-Trainer systeem is leuk

1

2

3

4

5

6

7

Het Tag-Trainer systeem intimideert me

1

2

3

4

5

6

7

Door het Tag-Trainer systeem te gebruiken, kan ik sommige taken sneller
uitvoeren.

1

2

3

4

5

6

7

Ik zou met het systeem kunnen werken als ik alleen maar de ingebouwde
helpfunctie had

1

2

3

4

5

6

7

Mensen die ik belangrijk vind, vinden dat ik het Tag-Trainer systeem zou
moeten gebruiken

1

2

3

4

5

6

7

Over het algemeen ondersteunt Adelante het gebruik van het Tag-Trainer
systeem

1

2

3

4

5

6

7

Ik ben bang om het systeem te gebruiken

1

2

3

4

5

6

7

Ik verwacht het systeem de komende maanden te gebruiken

1

2

3

4

5

6

7

Ik denk dat mijn interactie met het systeem duidelijk en begrijpbaar zal zijn

1

2

3

4

5

6

7

Ik zou met het systeem kunnen werken als ik veel tijd had voor de taak
waarvoor het systeem ontworpen is

1

2

3

4

5

6

7

Ik beschik over de noodzakelijke middelen voor het Tag-Trainer systeem

1

2

3

4

5

6

7

Ik vind het Tag-Trainer makkelijk te gebruiken

1

2

3

4

5

6

7

Ik ben bang dat ik veel informatie kan verliezen door op een verkeerde
knop te drukken bij het gebruik van het Tag-Trainer systeem

1

2

3

4

5

6

7

Ik zou met het systeem kunnen werken als er niemand bij is om mij instructies te geven

1

2

3

4

5

6

7

Ik ben van plan het systeem de komende maanden te gebruiken

1

2

3

4

5

6

7
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Het Tag-Trainer systeem gebruiken is een goed idee

1

2

3

4

5

6

7

Als ik het Tag-Trainer systeem gebruik, zal ik makkelijker een salarisverhoging kunnen krijgen

1

2

3

4

5

6

7

Een specifieke persoon is beschikbaar voor hulp bij problemen met het
Tag-Trainer systeem

1

2

3

4

5

6

7

Het management van Adelante heeft me geholpen in het gebruik van het
Tag-Trainer systeem

1

2

3

4

5

6

7

Het Tag-Trainer systeem gebruiken is een slecht idee

1

2

3

4

5

6

7

Door het Tag-Trainer systeem te gebruiken neemt mijn productiviteit toe.

1

2

3

4

5

6

7

Ik heb gepland het systeem de komende maanden te gebruiken

1

2

3

4

5

6

7

Ik zou met het systeem kunnen werken als ik iemand om hulp kan vragen
wanneer ik vastloop

1

2

3

4

5

6

7

Het Tag-Trainer systeem maakt mijn werk interessanter

1

2

3

4

5

6

7

Mensen die invloed op mijn gedrag hebben, vinden dat ik het Tag-Trainer
systeem zou moeten gebruiken

1

2

3

4

5

6

7

Ik denk gemakkelijk vaardig te kunnen worden in het gebruik van het
Tag-Trainer systeem

1

2

3

4

5

6

7

Ik aarzel om het Tag-Trainer systeem te gebruiken, omdat ik bang ben
fouten te maken die ik niet kan herstellen

1

2

3

4

5

6

7

Het is voor mij makkelijk om het Tag-Trainer systeem te leren gebruiken

1

2

3

4

5

6

7

Ik beschik over de noodzakelijke kennis voor het Tag-Trainer systeem

1

2

3

4

5

6

7

Ik kan het Tag-Trainer systeem niet gebruiken in combinatie met andere
systemen

1

2

3

4

5

6

7

Ik werk graag met het Tag-Trainer systeem

1

2

3

4

5

6

7

Ter herinnering nogmaals de schaal:
1
Helemaal
oneens

2

3

4

5

6

7
Helemaal
eens
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B. UTAUT used in case studies 2, 3
and 4
Er volgen nu een aantal stellingen. Geef bij iedere stelling aan in hoeverre je het er mee eens
bent. Gebruik hierbij de volgende schaal:
1

2

3

4

5

6

7

Helemaal
oneens

Helemaal
eens

Ik denk dat het Tag-Trainer systeem nuttig is voor mijn werk.

1

2

3

4

5

6

7

Door het Tag-Trainer systeem te gebruiken, kan ik sommige taken sneller
uitvoeren.

1

2

3

4

5

6

7

Mensen die ik belangrijk vind, vinden dat ik het Tag-Trainer systeem zou
moeten gebruiken

1

2

3

4

5

6

7

Over het algemeen ondersteunt Adelante het gebruik van het Tag-Trainer
systeem

1

2

3

4

5

6

7

Ik verwacht het systeem de komende maanden te gebruiken

1

2

3

4

5

6

7

Ik denk dat mijn interactie met het systeem duidelijk en begrijpbaar zal zijn

1

2

3

4

5

6

7

Ik beschik over de noodzakelijke middelen voor het Tag-Trainer systeem

1

2

3

4

5

6

7

Ik vind het Tag-Trainer makkelijk te gebruiken

1

2

3

4

5

6

7

Ik ben van plan het systeem de komende maanden te gebruiken

1

2

3

4

5

6

7

Als ik het Tag-Trainer systeem gebruik, zal ik makkelijker een salarisverhoging
kunnen krijgen

1

2

3

4

5

6

7

Een specifieke persoon is beschikbaar voor hulp bij problemen met het
Tag-Trainer systeem

1

2

3

4

5

6

7

Het management van Adelante heeft me geholpen in het gebruik van het
Tag-Trainer systeem

1

2

3

4

5

6

7

Door het Tag-Trainer systeem te gebruiken neemt mijn productiviteit toe.

1

2

3

4

5

6

7

Ik heb gepland het systeem de komende maanden te gebruiken

1

2

3

4

5

6

7

Mensen die invloed op mijn gedrag hebben, vinden dat ik het Tag-Trainer
systeem zou moeten gebruiken

1

2

3

4

5

6

7

Ik denk gemakkelijk vaardig te kunnen worden in het gebruik van het
Tag-Trainer systeem

1

2

3

4

5

6

7
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Het is voor mij makkelijk om het Tag-Trainer systeem te leren gebruiken

1

2

3

4

5

6

7

Ik beschik over de noodzakelijke kennis voor het Tag-Trainer systeem

1

2

3

4

5

6

7

Ik kan het Tag-Trainer systeem niet gebruiken in combinatie met andere
systemen

1

2

3

4

5

6

7
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C. Self-efficacy questionnaire
Er volgen nu een aantal stellingen over het gebruik van het Tag-Trainer systeem. Iedere stelling
heeft de vorm: “Ik kan …. “. Geef voor iedere stelling aan hoe zeker je bent dat je het kunt doen.
Je kunt hiervoor de volgende schaal tussen 0 en 100 gebruiken:
0

10

20

30

Kan het
zeker
neit

40

50

60

Kan het enigszins

70

80

90

100
Zeker
dat ik
het kan

Zekerheid (0-100)
Ik kan een oefenprogramma maken met de Tag-Trainer
Ik kan de juiste oefeningen voor een patiënt vinden
Ik kan een bestaande oefening aanpassen voor een specifieke patiënt
Ik kan een volledige nieuwe oefening maken
Ik kan het Tag-Trainer systeem gebruiken in individuele therapie
Ik kan het Tag-Trainer systeem gebruiken in groepstherapie
Ik kan een patiënt overtuigen van het nut van het Tag-Trainer systeem
Ik kan een technisch probleem met de Tag-Trainer zelf oplossen
Ik kan een patiënt helpen het Tag-Trainer systeem te gebruiken
Ik kan nieuwe objecten of items gebruiken in Tag-Trainer therapie
Ik kan een therapeut overtuigen het Tag-Trainer systeem te gebruiken
Ik kan een therapeut helpen het Tag-Trainer systeem te gebruiken
Ik kan een therapeut helpen bij het maken van nieuwe oefeningen voor de
Tag-Trainer
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D. CEQ questionnaire
Deze vragen gaan over de mate waarin je gelooft, op dit moment, dat het gebruik van het TagTrainer
systeem bijdraagt aan de behandeling van CVA/Dwarslaesie. Dit geloof bestaat uit twee onderdelen:
(1) Wat je denkt dat er zal gebeuren, en (2) wat je voelt dat er zal gebeuren. Soms lijken deze
zaken op elkaar, soms ook niet. Probeer nu onderstaande vragen te beantwoorden. De eerst set
vragen gaan over wat je denkt, de tweede set over wat je gevoel zegt.
Set I
1. Hoe logisch vind je, op dit moment, het gebruik van de Tag-Trainer in therapie?
1

2

3

4

5

heel
onlogisch

6

7

8

9

redelijk
logisch

heel
logisch

2. In hoeverre denk je, op dit moment, dat de Tag-Trainer bijdraagt aan het behandelen van
CVA/Dwarslaesie?
1

2

3

4

5

helemaal
niet

6

7

8

9

enigszins

helemaal
wel

3. Hoe snel zou je het gebruik van de Tag-Trainer aanbevelen aan een andere therapeut?
1

2

3

4

5

helemaal
niet

6

7

8

9

enigszins

helemaal
wel

4. Aan het einde van de behandelperiode, hoeveel verbetering denk je dat een patient die behandelt met de TagTrainer is, zal tonen?
0%

10%

20%

30%

40%

geen
verbetering

50%

60%

70%

80%

90%

enige verbetering

100%
grote
verbetering

Set II
Sluit nu even je ogen en probeer vast te stellen wat je gevoelens zeggen over het gebruik en de
effectiviteit van de TagTrainer. Geef daarna antwoord op de volgende vragen:
1. Heb je het gevoel, op dit moment, dat de TagTrainer bijdraagt aan het reduceren van de CVA/
Dwarlaesie symptomen van patienten?
1

2

3

4

5

helemaal
niet

6

7

8

9

enigszins

helemaal
wel

2. Wat zegt je gevoel over de mate waarin patienten verbetering zullen tonen na een behandelperiode met de TagTrainer?
0%
geen
verbetering

10%

20%

30%

40%

50%

60%

enige verbetering

70%

80%

90%

100%
grote
verbetering
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This thesis presents the design, development and deployment of an end-user extensible physical rehabilitation technology: TagTrainer. It provides a socio-technical perspective on the merits and issues related to the deployment of an end-user development (EUD) system in the context of physical rehabilitation therapy.
First, it describes the user-centered design process, and a formative evaluation
of TagTrainer. Then, it presents a survey on the research methods used in the
field of EUD. From there, it presents four studies in which TagTrainer was deployed in the context of rehabilitation clinics. The aim of these studies was to
study the acceptance of TagTrainer, to probe the feasibility of therapists as end
-ser developers of training exercises, and to identify factors that influence the
uptake of EUD practices. This thesis concludes with reflections on the design
of performance feedback to stroke patients, the application of EUD to tangible
technology, and the deployment of EUD systems in general.

