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ABSTRACT 
This thesis reports on a concept-based interaction design research project focusing on 
movement-based interaction with music. The project aimed to design rhythmic 
interactions with music to promote and motivate increased physical activity and social 
interaction among senior citizens in general and seniors with Alzheimer’s disease in 
particular. Employing a Research through Design approach, the project used 
sketching and prototyping in software and hardware to explore and produce 
knowledge about a specific but generic conceptual idea. The idea, formulated as the 
conductor concept, describes an interactive music player that adapts and synchronizes the 
beat of (self-selected) music to the tempo of repetitive bodily movements in the same 
way that an orchestra synchronizes to the tempo of the conductor’s gestures. The 
project sought to understand the important relationships and essential characteristics 
of the conceptual idea and to explore how it could be designed to create meaningful 
and aesthetically pleasing interactive experiences. 
 
In an explorative and iterative process of seeing-moving-seeing, an interactive 
research prototype, RepMoves, was designed. Beyond developing and exploring the 
prototype in the lab, various versions of it were also brought out into the field to test, 
explore, and open up discussions about the interactive experience with senior citizens, 
caretakers, and other informants.  
 
The contribution of this thesis is to discuss and critically examine how Research 
through Design was used to produce design-relevant knowledge about the conceptual 
idea and its potential use in the context(s) of social activity groups for senior citizens 
(with and without Alzheimer’s disease). It opens up a design space that is informed by 
the conceptual idea; the designed artifact; the interactive experience; the contextual 
exploration of the prototype with senior citizens, caretakers, and other informants, 
and; a wide range of existing research relevant to the inquiry. The project contributes 
a specific synthesis of knowledge pertinent to interaction design practitioners and 
researchers interested in designing movement-based interaction with music. It also 
offers reflections on how the artifact was used to engage senior citizens, caretakers, 
and other informants in explorations and discussions about a future-oriented design 
concept.  
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PART I 
–––––––––––––––––––––––––––––––––––––––––––––––––– 

1 Introduction 

–––––––––––––––––––––––––––––––––––––––––––––––––– 

1.1 Music and movement 

[M]usic can be thought of as a type of legal performance-enhancing drug.  

Costas I. Karageorghis & David-Lee Priest [1, p.47] 

 
Music is widely used to motivate, pace, and sustain different forms of exercises and 
physical activity practices. For many people, music is an essential part of their exercise 
regime. We listen to music while jogging, cycling, walking, rowing, lifting weights, and 
so on, and the music affects our performance and experience in various ways. 
Research has shown that music increases arousal, elevates mood, influences emotions, 
improves endurance, reduces perceived effort, distracts from pain and fatigue, helps 
us keep a steady pace, and makes a boring and repetitive activity more engaging and 
enjoyable [1]–[3]. "When listening to music, people run farther, bike longer and swim 
faster than usual–often without realizing it" [2]. In this thesis, I refer to these effects 
generally as the ‘motivational effects of music.’ 
 
On a neurological level, there are direct connections between auditory neurons and 
motor neurons, and studies have shown that listening to music produces activity in 
regions of the brain responsible for coordinating movement [2], [4]–[6]. As such, 
human beings seem to be hard-wired to associate music with bodily movement.  

In fact, the human brain may have evolved with the expectation that, wherever there is music, 
there is movement—although this idea emerges more from the imaginative minds of 
speculating evolutionary psychologists than from experimental evidence. Before the invention 
of reed flutes and other musical instruments, our ancestors likely produced the earliest forms 
of music by singing, screaming, chanting or otherwise using their vocal cords, as well as by 
physically interacting with their own bodies, other people and the environment. A fast tempo 
would have likely required fast movements: quick clapping or foot stamping, perhaps. Deep, 
loud sounds would have demanded great energy and force—belting a note or beating the 
ground or a rock. In its conception, music was likely an extension of the human body. Maybe 
the brain remembers it that way [2]. 

Karageorghis and Priest [1] identify four factors that influence how music affects us 
during exercise and repetitive physical activity: Rhythm response, musicality, cultural impact, 
and association.  
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Rhythm response refers to the effects of musical rhythm, especially tempo (speed of music as 
measured in beats per min [bpm]). Musicality refers to the pitch-related elements of music 
such as harmony and melody. Cultural impact concerns the pervasiveness of the music within 
society or a sub-cultural group. Finally, association refers to the extra-musical associations 
that may be evoked. [1, p. 45] 

Rhythm response and musicality are considered internal factors because they are 
inherently linked to the musical content. Cultural impact and association are external 
factors as they refer to phenomena external to the music itself. The four factors are 
hierarchically related, implying that rhythm response is the most influential and 
important factor, followed by musicality, cultural impact, and finally, association 
being the least important.  
 
These four factors are, in different ways, all relevant to the interaction design research 
project reported in this thesis: the RepMoves project. In fact, their relevance to the 
project is reflected in their hierarchical influence on human movement. The project 
explored the basic conceptual idea of using tempo (rhythm response) as an interactive 
link between repetitive movement and musical beat to motivate physical activity and 
social interaction. In other words, the project explores the design of an interactive 
music system that dynamically synchronizes the beat of any (self-selected) music to the 
tempo of human movement. Human beings have a natural inclination to adapt their 
movement pace to the rhythm of music, and this project explores the idea that the 
music can also adjust its tempo to match a person’s (or several people’s combined) 
movement tempo. In this thesis, this conceptual idea is referred to as ‘the conductor 
concept,’ which builds on the metaphor of an orchestra conductor who controls the 
tempo of the music played by the orchestra through repetitive hand gestures. This 
concept is explained in more detail in chapter 2 (section 2.2.2). The underlying 
assumption was that by ensuring that the beat of the music coincides with the tempo 
of repetitive movement, the system would support and magnify the motivational 
effects of music. The goal was to produce an aesthetic and meaningful interactive 
experience that leans on the power of musical rhythm to motivate, pace, and sustain 
human movement. However, it is important to underline that this thesis focuses on 
the design and exploration of the interactive system/experience rather than empirical 
assessment of the motivational effect of such a system. Based on evidence from the 
literature, it takes the motivational effects of music as given, and asks how this can be 
taken advantage of in the design of interactive technologies aiming to promote and 
motivate physical activity. Furthermore, this thesis explores these ideas in the context 
of designing welfare technology for senior citizens. It asks how the conductor concept 
can be used to promote and motivate increased physical activity and social interaction 
among senior citizens. The next section gives some background for this inquiry. 

1.2 Problem setting 

As a result of increasing lifespan expectancy and decreasing birthrates in many 
nations, the world is facing an increasingly aging population. This is leading to a 
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growing interest in keeping aging citizens healthy, active, and independent. In 
particular, there is a demand for new technologies that can contribute to improve and 
support the health and welfare of senior citizens and to allow seniors more autonomy 
and independence in their daily lives. In Norway, governments, institutions, and 
organizations are calling for the design and development of innovative technologies 
that can help senior citizens prevent, reduce, and manage age-related health 
challenges, and to reduce their dependence on care services [7]–[10]. This is rooted 
in the realization that current models of elderly care are economically unsustainable 
as an increasing portion of the population is reaching retirement age. Governments 
and public institutions see the potential for new health and welfare technologies to 
improve public health care services while reducing the cost of those services on a per 
capita basis. 
 
So far, these efforts have produced a multitude of devices and systems for monitoring 
and managing health challenges related to old age, such as ‘smart’ pill dispensers, fall 
detection and alarm systems, various forms of personal health monitoring systems, 
and a wide range of other devices and systems. These are all potentially useful 
technologies that can contribute to improve, extend, and even save lives, and it is not 
my intention to diminish their importance or usefulness. However, in various ways, 
such technologies may contribute to construe or mediate [11], [12], the recipient user 
as old, ill, disabled, or otherwise in need of help and care. This raises some important 
questions regarding our collective view and treatment of elderly people. For example, 
how does it affect a person to be told that ‘you are no longer capable of remembering to take 
your medication, and no-one has the time to help you so here’s a device that will remind you of this 
fact several times a day’? Or worse: ‘some of the pills you have been prescribed will make you 
disoriented and forgetful, so here’s a device that will remind you to take those pills.’ Technology 
design is not morally and ethically neutral, and it is crucially important to consider 
how the technologies we design may shape the everyday reality of their intended users 
[13], [14]. The interaction design research project presented in this thesis did not 
address specific problems or age-related health challenges, but focused on an imagined 
future where seniors, either individually or in groups, engage in musically augmented 
physical activity practices – not because they ‘should be more physically active,’ but 
because they enjoy the experience. The project sought to understand how we can use 
music to design interactive experiences that mediate aesthetically enjoyable and 
emotionally meaningful physical activity practices. Taking a salutogenic [15] approach 
to health promotion, the project sought to understand how interaction design can be 
used to promote positive potentials for good health as opposed to avoiding negative 
potentials for disease and disability. By taking departure in the fact that physical 
activity is an important and effective modifier of risk of developing age-related health 
challenges [16]–[19], and combining it with the universal power of music to induce, 
motivate, pace, and sustain repetitive movement [1]–[3], the research aimed to 
produce knowledge on how we can design interactive music technologies to create 
physical activity practices that are intrinsically motivated rather than externally 
prescribed [20], [21]. 
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Accordingly, this thesis is a qualitative and phenomenologically based study of 
interactive technology design oriented towards the health and welfare of senior 
citizens. The project explored the conductor concept through the design, 
development, and contextual exploration of an interactive prototype named RepMoves 
(short for Repetitive Moves). As such, it addresses two distinct, but tightly interwoven 
themes. First, it focuses on the process of designing the prototype as a way to better 
understand the conceptual idea and to make the conductor concept accessible for 
experiential exploration. Second, it focuses on how the research prototype was used 
to open up conversations with senior citizens, caretakers, and other stakeholders about 
the experience it provides and its potential to promote and motivate physical activity 
and social engagement among senior citizens. Throughout this process, the prototype 
was iteratively developed through an ongoing exploration of different design choices. 
These choices were based on: (i) my own qualitative and embodied judgments about 
the emerging interactive experience, and (ii) on feedback and insights gained from 
sessions with participating seniors, caretakers, researchers, and other informants in 
real-world use contexts. The process did not follow a pre-defined and structured 
research methodology but evolved relatively organically through a pragmatic [61, 
112, 125] and phenomenological [54-58] engagement with design materials, the 
emerging artifact, and its use in specific contexts. The initial design idea was guided 
by curiosity regarding the imagined interactive coupling represented by the conductor 
concept, and its potential for producing rich and aesthetically pleasing interactive 
experiences: What if the music you listen to automatically synchronizes its beat and tempo to the 
tempo of your bodily movements? How would it feel? How would it affect your movements? How could 
such a system be designed to produce rich and aesthetically pleasing experiences? How could such a 
system be designed to involve senior citizens in experiential explorations of the generic and conceptual 
idea?  
 
Furthermore, the work presented in this thesis was informed and influenced by 
research and theories from a wide range of research fields, such as gerontology (e.g. 
[25]–[28]), gerontechnology (e.g. [29]–[33]), health promotion (e.g. [15], [34]–[36]), 
neurology of music and movement (e.g.[5], [6], [37]–[39]), music therapy (e.g. [40]–
[47]), sports medicine (e.g. [1], [3], [17], [48]–[51]), psychology of human motivation 
(e.g. [20], [21], [52], [53]), phenomenology (e.g. [54], [55]), post-phenomenology (e.g. 
[11]–[14], [56]–[58]), pragmatist philosophy and aesthetics (e.g. [59]–[61]), 
somaesthetics (e.g. [62]–[67]), movement-based interaction (e.g. [68]–[81]), and 
exergaming (e.g. [82]–[94]), to name the most central.  

1.3 Structure of this thesis 

This is a compilation thesis based on four published and one submitted research 
papers. The thesis is divided into two parts. Part I, (the "kappa" in Norwegian) 
provides an introduction and overview of the five papers and tie them together in a 
narrative structure that tells the story of my Ph.D. project. Part II contains the five 
included research papers. The remainder of this thesis is structured as follows: 
 



 5 

Chapter 2 introduces theoretical perspectives, concepts, and frameworks within 
interaction design research and philosophy of science and technology that are relevant 
to the research presented in this thesis.  
 
Chapter 3 presents Research through Design (RtD) as the chosen research 
methodology, emphasizing the design and use of prototypes, artifacts, and products as 
an approach to knowledge production in interaction design research.  
 
Chapter 4 describes early fieldwork and a literature review focusing on the 
involvement of seniors in the design of welfare technology for seniors. The chapter 
concludes with a discussion of how the findings from this initial research led to the 
formation of the RepMoves research project. The chapter is based on the two first 
research papers included in this thesis. 
 
Chapter 5 presents the RepMoves research project. It documents and describes how 
the project evolved from a conceptual idea into a functional prototype, and how the 
prototype was used to engage senior citizens and other informants and stakeholders 
in contextual explorations of the interactive experience it provides. The chapter is 
based on the last three included papers. 
 
Chapter 6 discusses how the design and contextual exploration of the prototype 
produced design-relevant knowledge about the conceptual idea. It draws on a variety 
of existing theories, frameworks, concepts, and approaches to practice-oriented 
interaction design research to frame the discussions. The chapter is structured 
according to four research questions that reflect the evolution of the research inquiry. 
The next section introduces the four research questions. 

1.4 Research questions 

I used the design process intentionally to raise questions about the interactive concept 
and its use in specific contexts while simultaneously constructing and exploring 
material and contextual answers to those questions. As such, the project was more 
focused on problem setting than problem-solving, where the conceptual idea of 
synchronizing musical beat to the tempo of human movement took center stage, and 
where the research questions evolved in parallel with the evolving problem setting. 
Here, the questions are sequentially organized according to the evolution of the 
research project. 
 
RQ1: How can prototyping be used to build a material and experiential 
understanding of tempo as an interactive coupling between music and movement? 
 
This research question implicitly recognizes that a functional system is a necessary 
prerequisite for the experience to take place. The question is directed towards 
sketching with digital hardware and software to understand how the idea represented 
by the conductor concept can be technically realized in a functional artifact. It is 
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concerned with exploring and understanding the interactive logic and mechanics 
required to realize the conceptual idea and focuses on the concrete details of 
constructing the interactive system. Furthermore, an understanding of the interactive 
logic is not complete without a good understanding of the resulting interactive 
experience. Accordingly, this research question addresses the dialectic process of going 
back and forth between making changes to the emerging system and experientially 
evaluating the effects of those changes by actively interacting with it. This research 
question is mainly addressed in the third paper included in this thesis, presented in 
section 5.1. Also, section 5.4 covers the latter part of the design process which is not 
included in paper 3.  
 
RQ2: How can the RepMoves prototype be designed to facilitate interpersonal 
entrainment between two people (with Alzheimer’s disease) engaged in co-located 
repetitive movement activities?  
 
This research question emerged as I started to reflect on how the interactive concept 
could be used to facilitate and promote social interaction among senior citizens. 
Moving to the rhythm of music is an inherently social activity, and we derive pleasure 
from moving in sync with other people. Hence, this research question explores how 
the conductor concept can be designed and used to facilitate interpersonal 
entrainment (a gradual adjustment towards a shared tempo) and synchrony of bodily 
movements. Furthermore, the question is explored in the context of an activity group 
for elderly people with mild Alzheimer’s disease or dementia. The results from this 
study are documented in paper 4, which is presented in section 5.3.  
 
RQ3: How can RepMoves be optimized with respect to the characteristics of a 
research product (inquiry-driven, finish, fit, independent) to support its use in an 
activity group for Alzheimer patients?  
 
The study of interpersonal entrainment with Alzheimer patients led to discussions and 
speculations with the caretakers regarding how the system could be modified and 
further developed to become a regular part of the group’s activity program. Inspired 
by the ideas we came up with, the RepMoves prototype underwent a significant 
redesign process where other design elements such as visual narratives (photos and 
videos), a scoring system, and an RFID-based token-system were implemented. As a 
result, the focus of the inquiry changed from an open-ended exploration of the generic 
interactive concept (and experience) towards a more specific and targeted design 
intended for a specific use context. This research question is addressed in paper 5, 
presented in section 5.5. 
 
RQ4: What kind of knowledge is generated in the process of designing a deliberately 
open and flexible research prototype and exploring it in specific contexts of use? 
 
The first three research questions focused on specific parts of the design/research 
process to discuss how they generated design-relevant knowledge about the conductor 
concept and its use with senior citizens in specific real-world use contexts. The fourth 
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research question, on the other hand, opens up for higher-level reflection and 
discussion of what kind of knowledge the RepMoves project generated, and how it 
relates to existing knowledge within Interaction Design (IxD) and Research through 
Design (RtD). It also reflects on how the project produced knowledge about how to 
involve senior citizens in general, and seniors with Alzheimer’s disease in particular, 
in future-oriented design explorations. 

1.5 Contributions 

This thesis contributes to the emerging field of Research through Design (RtD). 
Coming from a computer science (CS) tradition, it intersects with the fields of Human-
Computer Interaction (HCI) and Interaction Design (IxD). As such, it is located within 
the third wave [22] or paradigm [23], [24] of HCI, which emphasize the 
phenomenologically, culturally, and socially situated nature of technology use. 
Furthermore, it is a practice-based study of interactive technology design that focuses 
on exploring and proposing potential and alternative futures.  
 
The overarching contribution of this thesis to the field of RtD is to describe and 
document the approach taken in one specific RtD project, and to discuss how, and 
what kind of knowledge was produced in the process. The contributions exist in the 
space between the conceptual idea, the designed artifact, the interactive experience, 
and the contextual exploration of the prototype with senior citizens, caretakers and a 
range of other informants. In addition, the contribution is informed and framed by 
existing frameworks, concept, and theories within interaction design research, as well 
as a variety of relevant research fields such as gerontology, gerontechnology, and 
music therapy, among others. In sum, the contribution of the thesis is to elucidate 
how, and what kind of knowledge was produced through the design and exploration 
of an interactive system. 
 
Concept: On a conceptual level, the thesis contributes to the repertoire of interaction 
design practitioners and researchers interested in designing musical interactions. It 
gives detailed descriptions of how the concept was implemented in a functional 
artifact, and how it was adapted and refined to achieve the desired interactive 
experience. It opens up a design space where music can be used to promote and 
motivate physical activity and social interaction. 
 
Experience: The thesis describes and discusses how the interactive experience 
evolved as a result of intentional design changes in the emerging artifact. It grounds 
design choices in qualitative judgments about the phenomenological experience of 
interacting with the system, and it describes how the experience evolved as a result of 
those changes. 
 
Artifact: The thesis also contributes a functional artifact that, explicitly and 
implicitly, embodies many of the insights and knowledge gained throughout the 
RepMoves project. The code for the system is available on GitHub 
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(https://github.com/rrsslnd/repmoves), thereby enabling other designers and 
researchers to build upon and extend the work presented here, or to take it in 
completely different directions, depending on their interests. 
 
Contextual use with seniors with Alzheimer’s disease: The thesis also 
contributes with a discussion of how the interactive concept/experience was designed 
and used to engage senior citizens, with and without Alzheimer’s disease, in 
explorations and discussions about the concept/experience. It reflects on observations, 
comments, and discussions with participating seniors, caretakers, and other 
informants regarding potential uses of the concept/experience for the promotion of 
physical activity and social interaction among Alzheimer patients. This includes the 
addition of other design elements, such as the use of image sequences and video 
narratives to create a more compelling and meaningful interactive experience. 
Furthermore, the thesis also contributes some reflections and practical guidelines for 
working with Alzheimer patients to explore future-oriented interaction design 
concepts. 
 
Methodology: Finally, on a methodological level, the thesis contributes to ongoing 
discussions about Research through Design, and prototyping in particular, as an 
approach to knowledge production in interaction design research. It describes and 
documents the process of (i) constructing and refining the prototype, and (ii) its use in 
real-world use contexts to produce knowledge about the underlying conceptual idea 
and its potential as a tool for promoting increased physical activity and social 
interaction among senior citizens (with and without Alzheimer’s disease). Thus, the 
thesis describes how knowledge was produced and opens up the research approach to 
constructive discussion and critique by the interaction design research community. 

1.6 Limitations 

This thesis is limited by the scope of the research project and the nature of the 
conceptual idea. It is a qualitative inquiry, and it does not claim to present objective 
and universally valid knowledge. However, there is an important distinction to be 
made between the subject of the design project (the conceptual idea), and the subject 
of the inquiry (how design is used to produce knowledge about the conceptual idea). 
Rather than attempting to uncover some fundamental truth about the world, the thesis 
takes departure in a fundamental relation between human movement and music 
(rhythm and tempo) and creates a particular design space to explore this relation. 
Hence, the contribution of the thesis is not primarily concerned with the 
epistemological status of the interactive concept, but rather to describe and discuss 
how, and what kind of knowledge was produced through design. As mentioned in section 
1.2, the work presented in this thesis was informed and influenced by a diverse range 
of related research fields and theories. Although it touches upon some of these research 
fields, it is outside the scope of this thesis to give a comprehensive account of how they 
relate to and informed the work presented here.   
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–––––––––––––––––––––––––––––––––––––––––––––––––– 

2 Theoretical Concepts and Perspectives  

–––––––––––––––––––––––––––––––––––––––––––––––––– 

[A] great deal of design theory tends to be generative and suggestive, rather than verifiable 
through falsification. This seems self-evident in the case of ‘manifestos’, but also of more 
grounded generalisations from particular design examples. The problem here is not just that 
theory underspecifies design, so that practitioners will be faced by innumerable decisions 
whatever theory they use, but that theory is underspecified by design, in the sense that many 
aspects of a successful design will not be captured by a given theory.  

William Gaver [95, pp. 943–944] 

This chapter presents the main theoretical frameworks, concepts, and perspectives 
that have informed and guided the work presented in this thesis. This includes a 
somewhat mixed list of theories and perspectives that relate to the project in different 
ways, and at various levels of abstraction. It starts by presenting some fundamental 
differences between scientific and designerly approaches to reality, knowledge 
production, and theory. Next, it presents selected frameworks and theories originating 
within interaction design research practice, including the interaction design research triangle 
[96], concept-driven interaction design research [97], strong concepts [98] and generic design 
thinking [99]. This is followed by more abstract concepts and perspectives borrowed 
from phenomenology and post-phenomenology to frame the knowledge contribution 
of this thesis. These include: embodied and hermeneutic human-technology relations [58], 
multistability [57], [100], and technological mediation [11], [12]. Each theory or concept is 
followed by a discussion of its relevance to the RepMoves project. 

2.1 Science and design 

There are tensions within the HCI and interaction design research communities 
regarding the fundamental differences between science and design, and the 
implications this has for interaction design research [22], [30]–[39]. Science with a 
big ‘S’ is a never-ending knowledge-building project where the ultimate goal is the 
discovery of truth. It is the pursuit of objective and universal knowledge about the 
present or historical world [95], [104]. Design, on the other hand, is a forward-looking 
endeavor. It is in pursuit of the new and non-existent, and it actively interferes with 
the world in an attempt to change it and to create preferred and possible futures. 
Science is analytic, attempting to deconstruct and pick apart phenomena to 
understand, explain, and predict reality. Design is synthetic, attempting to combine, 
shape and form existing reality into a new, preferred one. Thus, science and design 
approach reality in fundamentally different ways. It is acknowledged that this is an 
oversimplified description and juxtapositioning of science and design. Nevertheless, 
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the distinction is relevant to current debates about the nature and legitimacy of 
interaction design research in HCI. It raises important questions about the rigor, 
relevance, and accountability of interaction design research [101], [102], [105], [111]. 
By what measures can we claim to know that the outcome of the research is true? Is it 
possible to make claims about the objectivity, universality, and validity of knowledge 
contributions? Is it even desirable? How can research contributions have relevance for 
interaction design practice? How can design methods be used in the pursuit of new 
knowledge? How should IxD research contributions be documented, evaluated and 
critiqued?  
 
According to Gaver [101, p. 147], science and design operate according to, and are 
defined by, different and largely incommensurable forms of accountability:  

Science is defined by epistemological accountability, in which the essential requirement is to 
be able to explain and defend the basis of one’s claimed knowledge. Design, in contrast, 
works with aesthetic accountability, where “aesthetic” refers to how satisfactory the 
composition of multiple design features are (as opposed to how ‘beautiful’ it might be). The 
requirement here is to be able to explain and defend—or, more typically, to demonstrate—
that one’s design works.  

The ability to explain and defend scientific research is inextricably linked to 
methodological rigor. Scientists are expected to adhere to tested and approved 
methodological protocols and to describe how methods were used to produce the 
given result. Thus, other researchers can repeat the procedure to see if it produces the 
same results. Reliability and objectivity are ensured through repeated and 
independent replication of results.  
 
In design, on the other hand, there is no guarantee that two designers applying the 
same design methodology to the same design problem will produce the same result. 
Indeed, it is highly unlikely, as well as undesirable. Reducing the design process to a 
procedural how-to recipe would negate the creative power of design to produce new, 
inspired, and unexpected designs in response to underdetermined [105], messy [112], 
and wicked [113] design problems. Aesthetic accountability values an integration of 
formal, functional, material, social, cultural, emotional, and moral concerns, among 
others, into a compositional whole – an artifact, or ‘ultimate particular’ [114] – that 
works in its intended use context. Accordingly, design involves judgments of quality 
based on personal and professional sensibilities and interpretations regarding what 
works, and what is good. Design does not seek objective, generalizable, and replicable 
truths, but good designs that work well, and that generate new ideas, reflections, and 
visions of potential and possible futures. Accordingly, design research emphasizes and 
foregrounds "designerly ways of knowing" [115], [116].  
 
Theory is the primary vehicle for progress and advancement of knowledge in scientific 
disciplines. It provides an ontological framework of entities and causal mechanisms 
that allows explanation and prediction of phenomena in the world [101]. Theory 
forms the basis for the development of hypotheses, which are operationalized into 
experiments, allowing empirical assessment. Data from experiments are analyzed 
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according to the theoretical assumptions manifested in the hypotheses, thereby 
contributing to extend, refine, or clarify the underlying theoretical model. 
 
The role of theory in interaction design is ambivalent and debated [30], [32], [40], 
[46]–[51]. On the one hand, interaction design researchers are expected to publish 
their research in academic conferences and journals, where epistemological 
accountability is the ultimate yardstick of acceptance and excellence. Accordingly, 
interaction design researchers hoping to publish their research must conform to the 
epistemological demands of the relevant academic and scientific communities. HCI 
researchers have drawn on a multitude of theories and methods from disparate 
scientific disciplines, from cognitive psychology, ecological psychology, engineering, 
anthropology, ethnomethodology and ethnography, behavioral science, activity 
theory, grounded theory, among others [103]. On the other hand, interaction design 
practitioners, operating according to aesthetic accountabilities, have trouble relating 
to and adopting research output framed by theories from ‘external’ scientific 
disciplines [103], [111]. Stolterman [105, p. 56] argues that research aiming to 
contribute to interaction design practice must be rooted in a fundamental 
understanding of the nature of "design as a unique human activity of inquiry and 
action," and that scientific disciplines may not provide the most suitable approach to 
design complexity. Similarly, Buchanan [123, p. 17] points to, and reflects on this 
central dilemma of design research:  

What is the nature of a discipline that brings together knowledge from so many other 
disciplines and integrates it for the creation of successful products that have impact on human 
life and serve human beings in the accomplishment of their individual and collective goals? 
Those involved in design research are easily drawn into research in other fields. Indeed, it is 
tempting to evaluate design research by its contributions to other fields. In design research, 
however, the central challenge is to understand how designers may move into other fields for 
productive work and then return with results that bear on the problems of design practice. 
Design knowledge, it seems to me, lies in our grasp of the principles and methods of design 
that allow this activity to take place and lead to effective products. The alternative, common 
among some design theorists and researchers, is to believe that design must ultimately be 
reduced to one or another of the other disciplines—i.e. cognitive science, engineering, fine art, 
anthropology, marketing, and so forth. 

Since the 1990s, HCI and interaction design research have increasingly been 
influenced by theories, methods, and approaches from design practice. For example, 
Rittel and Weber’s [113] notion of wicked problems and Donald Schön’s [112] 
understanding of design as a reflective conversation with the materials of a ‘messy’ 
design situation have had a significant influence on interaction design research. 
According to Buchanan [124, p. 16]:  

Design problems are ‘indeterminate’ and ‘wicked’ because design has no subject matter of its 
own apart from what a designer conceives it to be. The subject matter of design is potentially 
universal in scope, because design thinking may be applied to any area of human 
experience. But in the process of application, the designer must discover or invent a particular 
subject out of the problems or issues of specific circumstances. 
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This understanding of design problems as inherently ‘wicked’ emphasizes the fact that 
design is not primarily focused on problem-solving, but problem setting. According to 
Schön [125, p. 2]:  

[I]t is clear that a "problem space" is not given with the presentation of design task: the 
designer constructs the design world within which he sets the dimensions of his problem space 
and invents the moves by which he attempts to find solutions.  

Schön conceptualizes design as an iterative re-framing of the problem space through 
a process of seeing-moving-seeing: First, the designer ‘sees’ the problem space or design 
situation, reflecting on and evaluating how the situation differs from a desired or ideal 
state. This ‘seeing’ is not understood literally as ‘visually seeing,’ but as a more or less 
tacit understanding and sensory appreciation for ‘what’s there.’ Furthermore, this 
‘seeing’ implies normative judgments of quality with regards to “what’s bad and needs 
fixing, or what’s good and needs to be preserved or developed” [125, p. 10]. Based on 
such normative judgments of quality, the designer conceives and makes a ‘design 
move’ – a material and intentional intervention or ‘change experiment’ aimed at 
improving the situation. Finally, in the second act of ‘seeing,’ he evaluates and reflects 
on the outcome of the design move. Did it have the intended effect? How did it change 
the situation? What are the (inevitable) unintended consequences? Are the unintended 
consequences desirable, tolerable, or undesirable? The answers to these questions 
determine whether the move is accepted and incorporated into the evolving artifact 
and problem setting, or discarded, to be replaced by a new design move. Thus, 
designers manage design complexity incrementally through a reflective ‘conversation’ 
with the materials of the design situation. Furthermore, the evolving sketches and 
artifacts become the designer’s increasingly refined arguments and proposals for what 
constitutes good design, given the parameters of the evolving design space.  

2.2 Interaction design theory 

2.2.1 The interaction design research triangle 

Fällman [96] developed the interaction design research triangle as a model to frame, guide, 
discuss, and reflect upon our approaches to interaction design research. The model is 
built on the recognition that there are three fundamental forms of interaction design 
research activities (design practice, design studies, and design exploration) where each 
activity "has its own purpose and intended outcome and [where] the rigor and 
relevance have to be defined and measured in relation to what the intention and 
outcome of the activity is" [102, p. 268]. Each corner of the triangle (see Figure 1) 
represents one of the three IxD research practices. It recognizes that research activities 
normally do not fit neatly into one of the three practices, but exist somewhere in the 
space between two, or even all three, research practices. Thus, the model creates a 
two-dimensional space for plotting the position of a particular research activity. I find 
the model helpful in framing and discussing the different research activities of my 
Ph.D. project, and the contributions of this thesis. In what follows, I give brief 
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descriptions of each of the three IxD research practices and discuss how they relate to 
my research project.   

 
Figure 1. The interaction design research triangle of design practice, design studies, and design 
exploration [96, p. 5]. 

Design practice 
Design practice as a research activity is very similar to the work of professional 
interaction design practitioners outside of academia. It is a generative and synthetic 
practice where the researcher becomes an integral part of a multidisciplinary design 
team working on a real project with real clients, not primarily as a researcher or 
observer, but as a designer. This involves taking part in the actual hands-on design 
work of sketching, constructing and building artifacts and prototypes; dealing with 
time and resource constraints; communicating and negotiating with a variety of 
stakeholders, including clients, managers, engineers, sales and marketing, potential 
users, and so on [96]. Thus, the researcher can build an appreciation and 
understanding of the tacit knowledge and competencies that are involved in 
professional design practice. However, unlike a regular designer, interaction design 
researchers must approach the process "with an explicit design research question in 
mind, or with the clear intent of forming such a question from their activities" [96, p. 
6]. The research question does not have to align with the direction and goal of the 
design project but can be formulated to focus on particular issues or themes that are 
relevant from a research perspective.    

Design exploration 
Similar to design practice, design exploration is synthetic and proactive, involving the 
researcher in a reflective, hands-on process of designing and constructing prototypes, 
artifacts, products or services. However, rather than addressing the needs and 
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requirements of a client or user, design exploration revolves around the researcher’s 
own research interests, where "the most important question is: What if?" [96, p. 7].   
 
Design exploration intends to experiment, question and provoke critical reflection on 
the current state of the world, and to imagine possible, alternative, and preferred 
futures. "[D]esign exploration is a way to comment on a phenomenon by bringing 
forth an artifact that often in itself, without overhead explanation, becomes a 
statement or a contribution to an ongoing societal discussion" [96, p. 8]. Thus, the 
artifact is not primarily concerned with functionality and utilitarian purposes, but with 
larger, more complex issues of human and social ideals, values, and notions of the good 
life [126]. Nevertheless, design exploration can also be used in more traditionally 
oriented research where design is used as a driving force in the research process, but 
where the research interests are more aligned with scientific approaches to knowledge 
production: "[T]his is the case when the kind of knowledge and user experience sought 
is the kind that cannot be obtained if design–the bringing forth of an artifact such as 
a research prototype–is not a vital part of the research process" [96, p. 8]. 

Design studies 
Design studies are the type of interaction design research activities "that most closely 
resembles traditional academic disciplines" [96, p. 9], where the goal is to build upon 
and contribute to a cumulative body of knowledge. This requires an analytical 
engagement with design theory, methods, history, and philosophy, as well as theories 
and approaches from a variety of other disciplines. It also involves presenting and 
publishing research outcomes in academic conferences and journals. "[U]nlike design 
practice, [design studies] seeks the general rather than the particular, aims to describe 
and understand rather than create and change, and because of that often appears as 
distancing to its character rather than involving" [96, p. 9].  

Trajectories, loops, and dimensions 
The triangular mapping of the three activity areas makes it possible to position a 
particular research activity within the model. However, as Fallman [96] points out, it 
is not so much the positioning of a particular activity within the model that makes it 
useful, but the way in which it enables reflection and discussion about how interaction 
design researchers move in between the three activity areas. To that end, the model 
also includes the concepts of trajectories, loops, and dimensions. Trajectories are intentional 
or unwanted drifting between research activities. They enable discussions about the 
perspective and direction of a particular research activity, how the outcome of the 
activity may feed into another activity, and "what kind of quality measures, 
guarantors, and stakeholders we will face when moving in between different activity 
areas" [96, p. 11]. Loops are trajectories without start and endpoints, signifying an 
ability to freely move back and forth between two, and in some cases all three, activity 
areas. Thus, activities in different activity areas feed into each other, iteratively driving 
the research forward. Finally, dimensions infuse the model with meaning by creating 
conceptual continuums and tensions between the activity areas.    
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Relevance to the RepMoves project 
This thesis is built on the journey of the RepMoves project, which, first and foremost, 
was an explorative project. It explored the conceptual idea of rhythmic interaction 
with music through the design of a research prototype. The artifact was designed to 
make the imagined user experience available for further experiential exploration and 
discussion. However, the underlying purpose of the exploration was to understand 
how the concept could potentially be used to inspire and promote increased physical 
activity and social interaction among senior citizens. As such, there was an implicit 
trajectory from design exploration towards design practice, with its focus on designing 
a functionally coherent and marketable product. To be clear, it was not the intention 
to develop the prototype into a commercial product during this project. Nevertheless, 
the ultimate reason for exploring the idea was to better understand how it could 
potentially form the basis for, or become a part of, a future product aiming to engage 
senior citizens in aesthetically pleasing and socially engaging physical activity 
practices. In parallel with the design and exploration of the prototype and its 
underlying idea, I engaged with a wide array of literature and research on interaction 
design theory, methods, and practice, some of which are presented in this chapter. 
Accordingly, the project was not guided and framed by an overarching theoretical 
framework but took inspiration and guidance from a variety of sources. I also 
consulted and drew on research and theories from other research fields, such as 
gerontology, gerontechnology, and music therapy, to inform the design process and 
to understand the potential of the interactive concept to promote health and well-
being in senior citizens. This is presented in more detail in chapter 5. 
 
In the following sections, I describe some of the central theoretical concepts and 
perspectives that have guided and informed this interaction design research project. 
Each section gives a brief introduction to the theory in question, followed by a 
discussion of its relevance to the research project. 

2.2.2 Concept-driven IxD research 

Concept-driven interaction design research [97] is an approach to knowledge 
production in HCI that employs design to explore theoretical ideas and concepts. It is 
an explorative and future-oriented approach that attempts to manifest theoretical 
ideas in concrete designs to promote theoretical thinking and reflection and to probe, 
provoke, refine, and improve our understanding of the concepts in question. As a 
research approach, it aims to contribute to the intellectual and conceptual 
development of the field rather than to address specific contextual needs of users. 
Accordingly, concept designs are based on and start from existing theories and 
concepts within the field rather than empirical data from a particular use-context. 
Artifacts are developed and optimized to communicate the conceptual ideas they 
represent, requiring them to be strong conceptually, but also well-rounded designs 
that work as compositional wholes. It is both a design-centered and a theory-oriented 
process where "the design and realization of concrete and particular concept designs 
becomes a necessary and completely integral part of the process of creating new or 
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developed interaction design theories" [97, p. 113]. Thus, the practice of doing design 
becomes an act of theorizing, where practice and theory are entirely inseparable from 
each other, and where the outcome is an artifact that materializes and operationalizes 
theoretical ideas. By changing people’s understanding of what is possible and 
desirable, good concept designs expand existing design spaces or open up entirely new 
ones. They are intermediate, mid-range theories "that are both intellectually 
interesting and applicable to interaction design" [97, p. 112]. 

Relevance to the RepMoves project 
Although the conceptual underpinnings of the RepMoves project were not explicitly 
and intentionally developed according to the principles of concept-driven interaction 
design, the project resembled and was inspired by this approach to theory 
development. In this project, I formulated a conceptual idea for how interactive 
technology could be used to create aesthetically engaging and meaningful interactive 
couplings between movement and music. The conceptual idea emerged from the 
recognition that repetitive movement and musical beat structures share fundamental, 
temporal characteristics that can be described and quantified in terms of tempo. This 
opens up the possibility of using tempo as an interactive link, or coupling, between 
movement tempo and music tempo. In other words, it makes it possible to create a 
digital music player that automatically and dynamically adjusts the tempo of the music 
in such a way that the beat synchronizes with the movement tempo.  
 
Throughout the project, this concept has been vicariously named ‘rhythmic 
interaction (with music)’ and ‘the conductor concept.’ Rhythmic interaction has 
previously been used to describe various ways of using rhythm in the design of 
interactive interfaces, such as interactions with mobile devices [127]; playing a mobile 
tennis game [128]; selecting songs from a music library [129], and; an emerging 
principle in experiential design [130], among others. As such, the term lacks precision 
and does not directly communicate the idea explored in this project. ‘The conductor 
concept’ is a simple metaphor meant to illustrate the interactive relationship 
manifested in the conceptual idea: An orchestra conductor directs and controls the 
tempo of the music played by the orchestra through repetitive hand/arm gestures, but 
the conductor’s gestures are also reciprocally influenced by the rhythm of the music 
played by the musicians. There is an interactive body-music dialogue between the 
musicians and the conductor that establishes the tempo of the music. Throughout the 
rest of this thesis, and the included papers, rhythmic interaction and the conductor concept are 
used interchangeably to signify the basic idea of using tempo as an interactive coupling 
between movement and music. Finally, RepMoves is the name of the research prototype 
that was designed and refined throughout the project to explore the conceptual idea 
and the experience it provides.  
 
The RepMoves project did not explore the conductor concept as an isolated 
theoretical construct but sought to understand how it could be used to inspire and 
promote increased physical activity in senior citizens by making the movement activity 
itself more aesthetically engaging and meaningful. This intention was inspired and 
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informed by a synthesis of different insights related to the subject of designing welfare 
technology for senior citizens, which can be summed up in the following line of 
reasoning: 
 

1. Inactivity and sedentary lifestyles are important risk factors for a wide range of 
age-related health challenges, and even small increases in daily physical activity 
can have beneficial effects on health and wellbeing [16]–[19]. 

2. Senior citizens are, generally, aware of the importance of regular exercise and 
physical activity. However, many find it difficult to adhere to exercise programs 
over time [17], [19], [48]. 

3. Exercise is, by definition, repetitive. The monotony of aerobic exercise 
activities "is regarded as one of the key demotivating factors to exercise 
adherence" [90, p. 409]. 

4. Music is widely used to energize, motivate, and pace repetitive exercise 
activities, and people derive pleasure from moving in sync with the beat of the 
music [1], [2], [43], [131]. However, depending on musical preferences, the 
tempo of a particular piece of music may not necessarily fit with the preferred 
pace of the exercise activity. 

5. The conductor concept could be used to dynamically adjust the tempo of the 
music to match the movement pace, thereby ensuring that the beat of the music 
serves to guide and support the user’s preferred movement pace. 

6. Digital sound technology makes it possible to dynamically change the tempo of 
a piece of music to synchronize to an external tempo. 

7. New sensor technologies make it possible to capture the tempo of a wide range 
of repetitive movement activities. 

 
Thus, an initial design space is created where points: 
  

• 1-3 outline a wicked problem regarding seniors’ motivation for exercise and 
physical activity;  

• 4 and 5 presents a conceptual idea for how the problem can be addressed 
through interaction design, and;  

• 6 and 7 presents technological opportunities that make it possible to realize the 
envisioned concept in a functional artifact.  

 
This design space was explored in what can be described as a reflective conversation 
with materials, resulting in the construction and iterative refinement of the RepMoves 
prototype. Furthermore, the evolving prototype was exposed to, explored, and tested 
by senior citizens and other stakeholders in a variety of settings.  The concept was not 
formulated with any specific use practice or exercise context in mind but in 
recognition of the potential applicability of the concept to a wide range of physical 
activity practices. Accordingly, the RepMoves project did not focus on designing a 
specific product to be used in a particular context, but on designing a research 
prototype that enabled experiential exploration of the ideas represented by the 
concept. Nevertheless, the trajectory of the research prototype moved from a very 
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open and basic implementation of the concept to an increasingly more defined and 
refined artifact that pointed towards a potential, future product. 

2.2.3 Strong and generic concepts 

Building on the concept-driven approach formulated by Stolterman and Wiberg [97], 
Höök and Löwgren [98] proposed strong concepts as a form of intermediate-level design 
knowledge that resides at an abstraction level ‘above’ specific design instances, but 
‘below’ grand theories (Figure 2).  

 
Figure 2. Höök and Löwgren’s [98, p. 2] visualization of strong concepts as an intermediate-level 
knowledge form existing on an abstraction level between specific designs and general theories. 

[A strong concept] is generative and carries a core design idea, cutting across particular use 
situations and even application domains; concerned with interactive behavior, not static 
appearance; is a design element and a part of an artifact and, at the same time, speaks of a 
use practice and behavior over time. [98, p. 1] 

Similarly, Wiberg and Stolterman [99] build on the concept-driven approach by 
introducing generic design thinking as a way to assess the knowledge contribution of 
research prototypes. Generic design thinking establishes an intermediate, conceptual 
connection between ultimate particulars [114] and more general ideas. "A generic 
design in HCI can be seen as a design concept that captures some essential qualities 
of a large number of particular designs, i.e., it defines a class or design space of 
interactive systems" [99, p. 535]. By grouping and comparing a large number of 
designs, the authors argue that it becomes possible to examine and assess the generic 
and invariant qualities of different classes of systems. Furthermore, it enables an 
assessment of the novelty and knowledge contribution of new designs, which can lead 
to the identification of new design spaces and new classes of systems. 
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Relevance to the RepMoves project 
The conductor concept was conceived of as a generic or ‘universal’ interactive 
coupling that could be used to augment a variety of repetitive movement activities 
with synchronized music. The process of building the initial proof-of-concept 
prototype expanded and refined my understanding of the generic nature of the 
concept. To me, the definition of a strong concept, as quoted above, resonates with 
my work and succinctly describes some of the central qualities of the conductor 
concept. It is generative and carries the core design idea of using interactive 
technology to synchronize musical beat to the tempo of human movement. Due to its 
generic nature, the concept has the potential to be used in different use contexts and 
application domains, and the work presented in this thesis explores RepMoves in a 
variety of contexts and application domains. The concept is not concerned with static 
appearance, but with specific interactive relations between movement and music. The 
concept is a design element and part of an artifact, and it addresses use practice over 
time in at least two different ways: First, the concept is fundamentally temporal as it is 
directly linked to the temporal advancement of an interactive experience. Second, the 
concept was explored as a potential way to promote increased physical activity in 
senior citizens over time. 
 
Nevertheless, there are some differences between my approach to the ‘strong’ and 
‘generic’ nature of the conductor concept and these authors’ notion of strong concepts 
and generic design thinking. Höök and Löwgren [98] argue that a strong concept 
needs to be horizontally and vertically grounded. Horizontal grounding implies 
comparing a particular concept design to other similar designs to examine and 
delineate the nature of the strong concept. This also resembles Wiberg and 
Stolterman’s [99] argument for grouping and comparing different classes of systems. 
Vertical grounding demonstrates how the strong concept, as an intermediate level 
knowledge form, connects specific designs or ultimate particulars to more general, 
overarching and abstracted theories. To some extent, this thesis and the included 
papers compare and contrast the conductor concept and RepMoves prototype to 
other designs, as well as connect it to more philosophical and abstract theories. 
However, my focus and interpretation of the conductor concept as ‘strong’ and 
‘generic’ is, first and foremost, tied to how the interactive coupling can be applied and 
used in a variety of designs and use contexts.  

2.3 Concepts and perspectives from phenomenology and post-
phenomenology 

2.3.1 Embodiment 

The phenomenology of Maurice Merleau-Ponty is concerned with ideas of 
perception, embodiment, and having a world through our senses [55], [132]. He 
argues that, in order to know and think about the world, we first have to perceive it, 
and it is through our active but selective perception, from an embodied perspective, 
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that we not only perceive but also give shape to our lifeworlds. The concept of lifeworld 
is used in phenomenology to denote a personal interpretation and understanding of 
the present and historical world as it is perceived by a human subject. Perception is, 
thus, a constructive ‘world-building’ activity, and our knowledge of the world is always 
shaped and influenced by our perceptive abilities.  
 
Dreyfus [54] identifies two different understandings of embodiment in Merleau-
Ponty’s work and combines them with a third understanding informed by Gibson’s 
[133] notion of cultural affordances. On the most basic level, the physical embodiment 
of a human subject is concerned with the physical capabilities of our bodies. These 
capabilities lay the foundation for our ability to perceive and relate to the world, and 
it is through our body that we ‘have a world.’ Second, over the span of our lives, we 
experience and learn how to skillfully interact with our lifeworld. This skill 
development involves an increasingly intimate and embodied understanding of how 
the world works, an ability to incorporate tools into our bodily practices, and an 
agency to act in the world. The third understanding of embodiment is concerned with 
human subjects as social beings. Social practices, spoken and unspoken, are an 
intimate part of our identities. They influence how we perceive, interpret, understand 
and act within our lifeworlds, as well as how we construct, organize and maintain our 
societies.  
 
Paul Dourish [134] is widely credited with coining the term embodied interaction and 
establishing its importance and relevance to the interaction design research 
community. He describes embodiment as "the property of our engagement with the 
world that allows us to make it meaningful", embodied phenomena as "those which by 
their very nature occur in real time and in real space", and embodied interaction as "the 
creation, manipulation, and sharing of meaning through engaged interaction with 
artifacts" [134, p. 126] 

Relevance to the RepMoves project 
Embodiment has been a central sensitizing concept throughout the RepMoves 
project. From the very start, the concept of rhythmic interaction with music was 
conceived of as an intimate and direct coupling between bodily movement and 
musical tempo that relied on existing and thoroughly embodied relations between 
human movement and music. On a philosophical level, the RepMoves prototype 
exemplifies Merleau-Ponty’s concept of embodiment quite literally as it unites 
perception and action in an ongoing process of world creation. The user’s movements 
‘create’ the music she perceives and the world she perceives influences her movements. 
Movement is, in real-time, both a perceptive and a constructive/creative act. Ideally, 
the project aspired towards an immediacy between movement and musical tempo 
resembling the direct coupling between a musician and his instrument, enabling the 
user to ‘perform’ the music directly through bodily movement. This ideal goal served 
as the aesthetic accountability [101], or ‘guiding star’ for the project: An ideal 
‘template’ against which the evolving interactive experience was evaluated and 
judged. 
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In addition to relying on pre-existing embodied relations between human movement 
and music, the RepMoves project also approached embodiment from the perspective 
of skill development and social interaction. The interactive coupling is, in itself, very 
simple, and leaves room for personal expression and experimentation in terms of how 
to move in response to the music. In contrast, the musical ‘feedback’ provided by the 
system (i.e., any pre-recorded music selected by the user) is aesthetically rich, 
expressive, and meaningful to the user. This tension between a very simple interactive 
coupling and relatively complex and rich musical output leaves room for personal 
experimentation and skill development. The prototype was designed to allow a large 
degree of freedom of movement. It aimed to allow senior users to explore different 
ways of moving and to develop an embodied repertoire of movement strategies that 
feel good and are meaningful in relation to the music.  
 
With regards to social practices, there are obvious links between the conductor 
concept and social behavior. Moving and dancing to music is an inherently social 
activity and there is a wide variety of social exercise forms that rely heavily on music 
to pace and synchronize group activities. It is not difficult to imagine different ways 
the conductor concept could be used to promote social exercise activities. Indeed, the 
prototype was used in several social settings, and the fourth paper included in this 
thesis explores interpersonal synchronization of movement through co-located 
interaction with RepMoves.  
 
Finally, from the perspective of designer and researcher, the process of constructing 
the prototype was dominated by a highly embodied and iterative exploration of the 
experience provided by the emerging system. Indeed, my own judgments and 
understandings of the conceptual idea were primarily informed by an embodied and 
sensual appreciation for the qualities and deficiencies of the emerging interactive 
experience. However, as I describe in more detail below, Don Ihde introduced the 
concept of hermeneutic human-technology relations, which modifies the ‘embodied’ 
understanding of the interactive experience provided by RepMoves. 

2.3.2 Hermeneutic human-technology relations 

Don Ihde [56], [58], [100] combines classical phenomenology with the pragmatist 
philosophy of John Dewey to form what he terms post-phenomenology. "[Post-
phenomenology] is a deliberate adaption or change in phenomenology that reflects 
historical changes in the twenty-first century" [58, p. 5]. He argues that, while the 
traditional phenomenologists are concerned with direct relationships between human 
bodies and the world, where technologies are ready-to-hand in a physical, mechanical 
and observable sense, contemporary digital technologies are not ready-to-hand to our 
bodies in the same direct and mechanical sense. Instead, they form artificial, semiotic, 
representative layers – or interfaces – between human beings and their lifeworlds that 
require interpretation. Thus, Ihde distinguishes between embodied and what he calls 
hermeneutic human-technology relations.  
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In embodiment relations, as exemplified by Heidegger’s hammer and Merleau-
Ponty’s blind man’s cane, the technology withdraws into the background/bodily 
schema of the user, extending his potential for perception and action and turning his 
attention and intentionality towards the world. Embodiment relations are schematized 
as: (human-technology) ® world. (The arrow signifies intentionality.) 
 
In hermeneutic relations, on the other hand, as exemplified by a smartphone or the 
speedometer of a car, the technology does not withdraw into the bodily schema of the 
user. Instead, it presents an interface of signs and symbols that represent some aspect(s) 
of the world, and that must be interpreted by the user. The user’s attention and 
intentionality are turned towards the technology and its technologically mediated 
representations of the world. Hermeneutic relations are schematized as: human ® 
(technology/world). 
 
In addition, Ihde identifies two other human-technology relations: Background and 
alterity relations. Background relations signify situations where technologies operate in 
the background, without human intervention, while nevertheless influencing and 
affecting our lifeworlds (e.g., climate control, fiber-optic cables, infrastructures). 
Background technologies only require human attention when they break down or 
otherwise require adjustment or maintenance. Alterity relations describe situations 
where the technology is ‘the other’ to which humans relate (e.g., an autonomous 
robot). In this case, human intentionality is not directed at ‘the world,’ but at the 
technology itself, schematized as: human ® technology (the world is in the 
background). Alterity relations also correspond to Heidegger’s breakdown situations, 
where an embodied (ready-to-hand) technology breaks down, thereby becoming an 
object of attention to the user (present-at-hand). 

Relevance to the RepMoves project 
Although background and alterity relations are relevant to a discussion of the 
RepMoves prototype and project, my main interest lies with how hermeneutic 
relations introduce an important distinction regarding the idea of designing embodied 
interactions with digital technology. In contrast to Heidegger’s hammer, Merleau-
Ponty’s blind man’s cane, a bicycle, or any other piece of mechanical technology, 
digital technology does not mediate a physically direct and sensual contact with the 
world itself, but a representation and translation of selected aspects of the world. Such 
translations can be designed to emulate and approximate embodied phenomena, but 
they can also be designed in other ways. Through the RepMoves project, it has 
become abundantly clear to me that although I aimed to create a meaningful coupling 
between movement and music that happens in real time and space – essentially a form 
of embodied interaction – I have nevertheless created a specific artificial translation 
between movement and music. It is a translation that could have been designed 
differently. Furthermore, it is the digital nature of the system that makes the specific 
translation possible. It enables the creation of space-time effects that are technically 
impossible to achieve in the real, physical and embodied world. Accordingly, the 
concept of hermeneutic human-technology relations emphasizes the fact that digital 
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technology will never create or represent truly embodied relations between humans 
and the world. It will always remain a designed and artificial approximation of 
embodied relations.  

2.3.3 Multistability 

The concept of multistability is also important in post-phenomenology. Ihde [57] 
illustrates multistability by the historical development of different archery 
technologies, which were independently developed by virtually all ancient cultures. 
The English longbow, Mongolian mounted archery, and Chinese artillery archery 
were all developed within different lifeworlds, with widely differing demands to 
functionality and operability. In an argument that connects with Höök and Löwgren’s 
strong concepts and Wiberg and Stolterman’s generic design thinking, Ihde argues 
that our understanding of archery as a concept is deepened through an examination 
and exposition of the particularities and differences between different archery 
technologies and their foundation in lived, contextual practices. "In an abstract sense, 
all archery is the ‘same’ technology in which a projectile (arrow) is propelled by the 
tensile force of a bow and a bowstring. But [...] radically different practices fit 
differently into various contexts" [58, p. 16]. The interesting question is how the 
particular variations of the (strong and generic) concept have come into being as 
material responses to a particular lived reality.  
 
Further expanding on his notion of multistability, Ihde [57] points to the fact that 
indigenous people turned their hunting bows into stringed musical instruments. 
Building on this insight, he presents a compelling argument for a design evolution that 
links archery technologies to stringed instruments such as guitars and violins: "So, we 
are now off on a new technological trajectory or line of development. To produce a 
more interesting music, why not [add] a moving fret [to the bow]? And, we notice, 
that the simple ‘twang’ [of the bow string] is not very loud or powerful, so why not 
add a resonator?" [57, p. 24]. Thus, he argues, the basic technology of tensioned-
string-on-bow exhibits multistable characteristics. It is stable as a technology in 
multiple ways. 

Relevance to the RepMoves project 
The concept of multistability was a source of inspiration and theoretical guidance for 
the RepMoves project. It underlines that technologies are not self-contained and 
independent of use context. Rather, their nature and purpose as technologies will 
change and evolve as they are introduced to different contexts of use. It helped me 
appreciate the value of designing an open prototype that could be exposed and 
explored in different use contexts. It also suggested that such contextual explorations 
could potentially be more informative and useful from a knowledge production 
perspective than designing for one particular use context. As I have previously pointed 
out, the conductor concept was conceived of as a generic concept that could be used 
and appropriated in a variety of use contexts. The theory of multistability provided a 
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theoretical basis for my choice to explore the conceptual idea without a specific and 
pre-determined use context in mind.  

2.3.4 Technological mediation and the ethics of design 

While Ihde emphasizes that technologies influence the way we perceive, relate, and 
act in the world, Peter-Paul Verbeek is more interested in how the technologies we 
use contribute to shape and define us as human beings. Expanding on Ihde’s post-
phenomenology and combining it with Borgman’s philosophy of technology and 
Latour’s actor-network theory, Verbeek [11], [12] argues that humans and technology 
are co-constituted by their relations, and that technology is thoroughly intertwined in 
our understanding of what it means to both perceive and exist as human beings. 
Through their particular material qualities and forms, technologies give shape to 
human sensory experience, and guides our actions and the way we live our lives. In 
turn, the way we use and appropriate technologies determine their mediating roles. 
The human (subject) and technological artifact (object) are co-constituted by their 
relations (interactivity). From this perspective, the design of interactions between 
humans and technology transcends functional and utilitarian purposes and emerges 
as ‘material answers’ to ethical questions about how to act? and how to live? [12]. In 
Verbeek’s words, "[d]esigning interactions is designing relations between human 
beings and the world, and, ultimately, designing the character of the way in which we 
live our lives" [11, p. 31]. Accordingly, it is important that designers understand and 
anticipate how their products may come to mediate relations between humans and 
their world.  

Relevance to the RepMoves project 
As described in chapter 1 (section 1.2), the RepMoves project focused on designing 
welfare technology with the aim of promoting positive potentials for health and 
welfare, as opposed to avoiding negative potentials for disease and disability. By 
proposing and exploring a possible future where music is used interactively to promote 
healthy behavior in senior citizens, it implicitly poses questions about how we use 
technology to shape our lifeworlds and define who we are as human beings. Do we 
want to live in a world where music automatically synchronizes its rhythm to the 
tempo of our repetitive movements? How can we design interactive technology that 
engages and motivates physical activity and social interaction through its interactive 
form? In short, how do we use technology to define how to live?  
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–––––––––––––––––––––––––––––––––––––––––––––––––– 

3 Methodology 

–––––––––––––––––––––––––––––––––––––––––––––––––– 

[D]esign knowledge is knowing-in-action, revealed in and by actual designing. It is mainly 
tacit, in several senses of the word: designers know more than they can say, tend to give 
inaccurate descriptions of what they know, and can best (or only) gain access to their 
knowing-in-action by putting themselves into the mode of doing.  

Donald A. Schön [125, p. 2] 

This chapter presents Research through Design (RtD) as an emerging approach to 
knowledge production in interaction design research. RtD foregrounds the design and 
construction of artifacts as a mode of inquiry to produce knowledge that is both useful 
to interaction design practitioners and relevant to interaction design theory and 
research. The chapter also presents the Lab, Field and Showroom framework [135] of 
different RtD practices. The RepMoves project presented in this thesis does not fall 
neatly into either of these practices but relate to them all in different ways. For each 
of the three practices, I discuss their relevance to the RepMoves project. The chapter 
ends with a general outline of the RtD approach taken in this project. Chapter 5 gives 
a more detailed presentation of the process. 

3.1 Research through Design 

Alongside the so-called third wave [22] and third paradigm [23], [24] of HCI, Research 
through Design (RtD) has emerged within the last 10-15 years as an approach to 
scholarly interaction design research that employs methods, tools, and practices of 
design to produce new knowledge. First formulated by Frayling [136] within the 
context of art and design, it is a research methodology rooted in (art and) design 
practice rather than external scientific disciplines, where the primary research output 
is not verbalized knowledge, but designed research objects, artifacts, prototypes and 
products [137], [138]. However, RtD is distinguished from interaction design practice 
by its intention to produce new knowledge rather than marketable products [139]–
[141]. Furthermore, in line with Rittel and Weber’s concept of wicked problems, and 
Schön’s notion of design as a reflective practice, RtD conceptualizes constructive design 
work as a designerly [115] mode of inquiry into complex and wicked problems:  

RtD offers non-verbal design proposals in the form of artifacts, which support design 
thinking: the interplay of object and tradition in a way that opens up practice; the ability of 
experimental objects to aid designers wrestling with the boundaries of design problem setting 
and framing; the ability of experimental objects to provide material images of a speculative 
future; and the role of objects to encode knowledge and to become themselves the primary 
research corpus, moving the verbal into a supportive role. [142, p. 3]   
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Thus, RtD uses design and designed artifacts as a way to explore, understand, frame, 
and address wicked problem spaces. Through an iterative process of seeing-moving-
seeing, research objects are designed and refined into relatively complex material 
arguments that, by integrating a diverse range of knowledge, theories, and 
perspectives, serve to question or critique some current state of affairs, to provoke 
reflection, and to propose speculative, possible or preferred futures.  
 
However, RtD is still an emerging approach to IxD research and there are ongoing 
debates regarding the nature and legitimacy of its methods and research contributions 
[95], [118], [143]. Given design’s status as a meta-discipline that finds its direction 
and purpose in a subject matter external to the discipline itself, the form that the 
research takes is highly influenced and determined by the design problem in question, 
as well as by the personal and professional competences and sensibilities of the 
designer(s)/researcher(s). Nevertheless, distinctions have been made between different 
forms of RtD practices. For example, Koskinen et al. [135], [144] examine and 
distinguish between the Lab, Field, and Showroom practices of RtD, which, in different 
ways, employ methods and practices of design to produce new knowledge. The 
authors prefer to use the term constructive design research rather than research through design, 
arguing that it better accommodates contributions that construct theories and 
methodologies without necessarily producing tangible artifacts [135]. Although I can 
accept and agree with their underlying argumentation, I think this concern is 
integrated into current discourses in RtD. Furthermore, the establishment of the bi-
annual Research Through Design conference in 2013 (RTD 2013) seems to have 
cemented the term RtD. Accordingly, this is the term used in this thesis. In the 
following sections, I describe each of the three RtD practices and discuss how they 
relate to the methodological approach in the RepMoves project. 

3.1.1 The Lab practice of RtD 

The Lab practice of RtD grew out of research conducted in the Technical Universities 
in the Netherlands [135]. This research emerged as a response and rejection of the 
predominant, visual interaction paradigm based on cognitive models of user 
interaction [139]. It was argued that cognitive models are unsuitable for capturing the 
richness and complexity of human experience, and that visual point-and-click user 
interfaces fail to take advantage of the full range of human sensory capabilities. Rather 
than focusing on traditional, user-centered notions of usability, efficiency, and task 
execution, rich interaction was proposed as an approach to explore an integration of 
interactive form, function, and human skills to produce aesthetically pleasing and 
emotionally engaging interactive experiences. Frens [145, p. 177] defined rich 
interaction as: 

A paradigm for interactive consumer products that results in a unity of form, interaction, and 
function and taps human skills (perceptual-motor skills, cognitive skills, and emotional skills) 
for information-for-use thereby setting the stage for aesthetic interaction. 
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Methodologically, the Lab practice, as the name suggests, was conducted in 
decontextualized and controlled lab-settings, and "combined aspects of experimental 
psychology and aspects of design practice" [139, p. 170]. A series of exploratory 
interfaces and concept designs were built to embody, operationalize, and explore 
theoretical ideas and constructs from perceptual psychology, ecological psychology, 
pragmatism, and phenomenology [139]. The prototypes were iteratively improved 
and refined to form increasingly concrete material hypotheses, and subsequently 
submitted to scientifically based lab experiments that targeted, and sought to 
understand, experiential aspects of product interactions.  
 
For example, Frens [145] designed a modular camera prototype with four different 
interface modules that each implemented different interaction styles to control a fixed 
set of camera functions. The four interaction styles ranged from ‘conventional’ to ‘rich’ 
and were designed with systematic variations to form independent variables that were 
empirically assessed and evaluated in terms of user experience. Through this work, 
Frens was able to "define, demonstrate, and investigate the concept of rich interaction" 
[145, p. 176].  

Relevance to RepMoves project 
There are several similarities and parallels between the RepMoves project and the 
Lab practice of RtD, but there are also important differences.  
 
First of all, the conductor concept was, from the beginning, conceived of in terms of 
experiential aesthetics rather than user-centered and task-oriented notions of 
functionality and utility. In fact, the interactive coupling does not have any utilitarian, 
task-oriented purpose beyond motivating and promoting human movement. In other 
words, it is designed to motivate interaction itself as a physical and continuous act of 
bodily movement, where the user’s movement is the driving force that propels the 
interactive experience forward, and where the motivational element is based on 
existing embodied relations between human movement and music. As such, the 
conductor concept is very much in line with the concept of rich interaction. It is 
concerned with a unity of interactive form and human skills (both physical, cognitive, 
musical, and emotional) to produce rich, expressive, and aesthetically engaging 
interactive experiences. 
 
Secondly, the prototype was developed in a decontextualized lab-like setting and was 
not developed for any specific use context. It emerged as a result of curious tinkering 
and coding in the lab to explore the conceptual idea. It was a way for me to examine 
and think through how the basic idea could be realized in a functional proof-of-
concept prototype. I reasoned that, by building a functional artifact, I would make the 
conceptual idea ‘experientially available,’ thereby making it easier to communicate 
and discuss my ideas with others, as well as get an embodied appreciation for the 
envisioned interactive experience. Simply thinking or theorizing about the concept 
would not yield any useful understanding of what it would feel like in practice.  
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Accordingly, I sketched different system components in small pieces of code, 
experimenting and adjusting until they worked satisfactorily, or changing and 
adjusting my approach when things did not work as intended. Once I had created and 
interconnected all the necessary sub-components, the first functional prototype 
emerged as a result. It confirmed to me that the concept was realizable and worth 
exploring further. I proceeded in an iterative process of seeing-moving-seeing, where 
incremental changes to the code were tested and evaluated experientially by 
interacting with the system. This, in turn, led me to consider further changes. The 
process helped me gain an increasingly refined and specific understanding of the 
interactive coupling, how it could be designed, how it could be used, and how 
variations in the design/code affected the resulting interactive experience. It 
highlighted how a range of nuances and partially conflicting interests must be 
understood, addressed, and balanced to produce the desired interactive experience. 
Thus, my understanding of the conceptual idea evolved in direct correspondence with 
the evolving artifact. Furthermore, having a functional prototype made it possible to 
engage colleagues in the research group in exploration and discussion about the 
interactive experience, the underlying conceptual idea, and potential ways to 
approach it from an interaction design research perspective. Moreover, having a 
functional prototype made it possible to transition from the decontextualized lab 
setting into situated exploration with senior citizens in ‘the real world.’ 

3.1.2 The Field practice of RtD 

In contrast to the decontextualized focus of the Lab practice, the Field practice of RtD 
emphasizes the contextual nature of real-life technology use. Human beings do not 
use technology in vacuums, or in labs, but in the ‘wild’ and unpredictable real world. 
Researchers working within the Field domain argue that designers need to thoroughly 
understand how their products will be used in real-world contexts, and how existing 
practices within those use contexts may be influenced, changed, improved, or 
disrupted by the introduction of new technology. Accordingly, prototypes and designs 
are repeatedly brought out into the ‘field’ to gain first-hand appreciation and 
understanding of how they will be understood and used in specific use contexts. The 
prototypes become objects of discussion and dialog with potential users and other 
stakeholders regarding the ideas and functionalities manifested in the designs. They 
help develop a shared understanding of the design problem at hand. 
 
The Field practice of RtD finds its methodological roots in the Scandinavian tradition 
of Participatory Design (PD) [139]. PD grew out of the workplace democracy 
movement in Scandinavia in the 1970s as a response to radical changes in the 
workplace caused by the introduction of computers. The core idea of PD was that the 
workers, as end users of new computer-based workplace tools, should have a voice in 
how those tools were designed. Inspired by democratic ideals of equality and 
emancipation, Participatory Design aimed to enable and empower workers who 
would be affected by the new technologies to influence how those technologies were 
designed and used in the workplace [135]. Furthermore, it was argued that the 
workers possess important domain knowledge that would be critical to the success of 
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any computer-based workplace tool or system. Accordingly, interdisciplinary teams of 
behavioral scientists, sociologists, technologists, and designers worked actively with 
workers and their unions in a process of mutual learning to come up with good 
solutions that would improve and extend workers’ skills and capabilities for doing their 
jobs while automating the repetitive and tedious aspects of work.  
 
Rapid prototyping was a central part of this approach, where prototypes of artifacts 
and work practices were developed in parallel to explore and discuss how new 
computer-based systems should be designed. The prototypes allowed the participants 
to establish a common language and a shared understanding of the design space, and 
to work iteratively towards an increasingly refined system that would eventually be 
implemented and put into use/production. This intention of designing systems that 
would be put into real use in its intended use context emphasized that the resulting 
artifact, and the knowledge produced in the process of making it, should be considered 
research contributions in their own right [139]. It also "helped [refocus] this research 
practice from being method specific to being more an investigation of the speculative 
and desirable future" [139, p. 173].  

Relevance to RepMoves project 
Throughout the RepMoves project, various versions of the prototype were exposed, 
presented, tested, and explored in a variety of contexts, and with a variety of 
informants (seniors, caretakers, researchers, designers, and technologists). These 
encounters were used as opportunities to open up discussions about the experience 
provided by the system, the underlying conceptual idea, and potential ways it could 
be developed and used to promote physical activity for senior citizens. The prototype 
created a space to talk about the ideas it manifested, and to develop a shared 
understanding of the (continuously) evolving problem space. The discussions, which 
in many cases were characterized by a non-verbal dimension where body-language 
was a central component, would have been entirely impossible without a functional 
artifact to test and explore. Also, my extensive experience of interacting with the 
system, as well as intimate knowledge of its internal logic enabled me to ‘read,’ 
interpret, and understand the interactive relation that unfolded between the users and 
the system, and to reflect on how my design decisions influenced and shaped the 
experience. As such, the encounters were, in a real way, material and embodied 
‘conversations’ between my assumptions, judgments, questions, and ‘arguments’ that 
were inscribed and manifested in the interactive ‘behavior’ of the prototype, and the 
users’ situated and bodily responses and counter-arguments. In several cases, I 
interpreted the users’ bodily responses during interaction as quite clear statements of 
either approval or disproval of specific design decisions I had previously made.  
 
In line with user-centered design (UCD) and participatory design, I used contextual 
observations and discussions with seniors, caretakers, and other informants to 
understand how RepMoves could be used to promote physical activity in specific 
contexts. However, unlike UCD and PD, the project did not address or try to solve a 
specific pre-existing problem. Rather, the project focused on evolving and refining the 
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design space of using music to promote physical activity in seniors in a variety of 
contexts. Accordingly, the process was not rigorously planned from the start but was 
characterized by a certain level of openness, adaption, and drifting to accommodate 
emerging insights and contextual demands. 

3.1.3 The Showroom practice of RtD 

The Showroom practice is not concerned with the design of products that solve 
problems or somehow make life easier for its ‘users,’ nor with making product 
interactions more aesthetically pleasing or emotionally engaging. Instead, the 
Showroom practice leans on critical and speculative design [146]–[150] as a way to 
conceptually question and critique some aspect of the current state of the world, and 
to imagine potential, speculative, ideal, or even unwanted futures. Often subversive, 
the Showroom practice focuses on the design of artifacts, objects, quasi-products or 
services as a form of communication or fiction where critical reflection on social, 
political, environmental, technological issues takes center stage.  
 
The Showroom approach entails choosing a particular issue, problem, or theme that 
the designers/researchers want to address, and subsequently producing a series of 
artifacts that in different ways shed light on the issue at hand. Through an iterative 
process or selecting and refining a series of concept designs, one design is eventually 
chosen to be developed into an artifact with ‘showroom quality,’ signifying a design 
that is conceptually strong enough to ‘speak for itself,’ and produced with a level of 
quality, detail, and finish worthy of display in a gallery or showroom setting. The 
knowledge produced in the process is captured by the designers through "reflective 
writing that describes the process, the artifact, and its intended influence" [139, p. 
174].  

Relevance to RepMoves project 
For most intents and purposes, the RepMoves project does not align with the 
showroom practice of RtD. The concept and prototype were not conceived and 
designed to raise awareness or critical reflection on some current state of affairs, and 
the final prototype was not developed with a sufficient level of finish and conceptual 
and communicative strength to be exhibited in a showroom or gallery setting.  
 
Nevertheless, my choice to focus the research on the exploration of the conductor 
concept carries some underlying assumptions and perspectives that may be considered 
alternative, speculative, or even critical of current notions of ‘welfare technology for 
seniors.’ Rather than addressing specific problems, disabilities or health issues 
associated with old age, the research focused on positive potentials for good health. I 
wanted to promote and motivate healthy behavior by designing for existing 
capabilities [151] and potentials for joyful everyday life experiences. The RepMoves 
prototype frames its users as ‘people who enjoy moving to the rhythm of music,’ rather 
than ‘old people who need help and assistance to manage their health and welfare.’ 
Accordingly, my focus in this research project has been to explore and understand 
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how the conceptual idea can be designed and ‘materialized’ in a way that creates an 
intrinsic motivation to engage in repetitive physical activity, as well as an inherent 
enjoyment of the activity itself.  

3.2 My RtD approach 

Although the RepMoves project did not follow the Showroom practice of RtD, it does 
rely extensively on reflective writing to document and communicate the approach I 
have taken, as well as the knowledge produced in the process. When constructing and 
exploring the prototype in the lab, there was a continuous reflective exchange between 
the intentions behind my incremental design moves and the outcomes or effects of 
those moves on the interactive experience. It was an evolutionary approach, heavily 
influenced by my qualitative judgments about the emerging interactive experience. As 
a consequence, the knowledge produced in this part of the process is highly 
phenomenological and relates directly to my experience and understanding of the 
interactive form of the prototype. The knowledge is, to some degree, inscribed and 
encoded into the prototype. However, the prototype itself does not communicate this 
knowledge in a clear and coherent form that is publishable in academic conferences 
and journals.  
 
In the two studies presented in this thesis, RepMoves was used and explored with two 
different activity groups for senior citizens with Alzheimer’s Disease. Many of these 
participants were restricted in their capabilities for verbal discussion about their 
experiences. Unfortunately, due to privacy restrictions, I was not allowed to record 
video from the sessions, which would have been very helpful. Hence, I was very reliant 
on direct observation and interpretation of body language, facial expressions, and 
verbal comments and exclamations during interaction. These observations were 
informed by and evaluated in relation to my own experience of interacting with the 
system, as well as my knowledge of the internal workings of the system. 
 
As a consequence, this thesis and the included papers are highly reflective, qualitative, 
and interpretive. In particular, the three included papers that pertain directly to the 
RepMoves project (presented in chapter 5) reflect my understandings and judgments 
about the tensions and correspondences between the concept, the prototype, the 
participants, the contexts, and the interactive experience. The contribution of this 
thesis is to describe and document how, and what kind of knowledge was produced in 
the process of building the prototype in the lab, and testing and exploring it with 
participants in the field. 
 
In the next two chapters, I present each of the five research papers included in this 
thesis and tie them together in a chronological narrative that describes how the 
research project progressed. Chapter 4 presents the initial stage of the project, 
encompassing the two first papers of the thesis. This initial line of research eventually 
led to the formulation of the conductor concept and the beginning of the RepMoves 
project, which is presented in chapter 5. 



 32 

 
  



 33 

–––––––––––––––––––––––––––––––––––––––––––––––––– 

4 Exploring opportunities for design with elderly 

–––––––––––––––––––––––––––––––––––––––––––––––––– 

In this chapter, I take a step back to the start of my Ph.D. work to describe the process 
that eventually led to the start of RepMoves project. It is important to underline that, 
at this stage, I had not identified or formulated the idea for the conductor concept. 
Furthermore, the theoretical perspectives presented in chapter 2, and the 
methodological approach described in chapter 3 had not been established. Instead, as 
a point of departure, my Ph.D. research started with the intention of exploring and 
understanding how to involve senior citizens in a design process focusing on welfare 
technology for seniors. Guided by the Participatory Design (PD) principle that 
participants should have a voice in deciding what to design, I did not start with a pre-
existing need or problem to address. Instead, I aimed to find and recruit a small group 
of seniors who shared a specific challenge or problem that could be addressed through 
a Participatory Design project. To understand how to organize and facilitate PD with 
elderly, I conducted a literature review of existing research where senior citizens were 
involved in PD projects. I also conducted some initial fieldwork at an independent 
living facility for elderly. This research resulted in the publication of the two first 
papers included in this thesis. In this chapter, I give brief overviews of both papers and 
describe how this initial line of research led to the formulation of the conductor 
concept, and the start of the RepMoves project. 

4.1 Paper 1: Literature review on involving seniors in PD  

4.1.1 Reference 

Rosseland, R.B., (2016). Involving seniors in the design of home-based welfare 
technologies: A review of existing research, in: Proceedings of the International Conference on 
Interfaces and Human Computer Interaction. IADIS Press, Madeira, Portugal. 

4.1.2 Summary 

This paper identifies a lack of research regarding the involvement of senior citizens in 
PD processes. It reviews previous research where seniors have been involved in PD 
activities to understand and learn from the experiences of other researchers. The 
findings are organized into a set of 12 guidelines for facilitating PD with senior citizens. 
The guidelines address issues regarding the selection and recruitment of eligible 
seniors, how to motivate them to be actively involved in the process, and how to 
organize and adapt activities to ensure that participants can contribute in meaningful 
ways. The guidelines do not give a structured step-by-step recipe but highlight 12 
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aspects that are important to consider when involving seniors in PD. The guidelines 
apply to participants of all ages but are particularly important to take into account 
when involving seniors in PD. In summary, the guidelines suggest that the design 
process should be tailored to the needs and abilities of the participants in a way that 
supports the development of trusted relationships and facilitates learning and 
understanding among researchers and participants.  

4.1.3 Moving forward 

In parallel with the literature review, I conducted some initial fieldwork at an 
independent living facility for senior citizens. The facility was taking part in a welfare 
technology pilot project where each living unit was equipped with a set of technologies, 
including light sensors, stove guard, mobile distress alarms, and internet-connected 
computer tablets. The tablets provided a range of custom-designed services including 
a calendar, internet browsing, free phone calls and text messages, a photo library, and, 
of course, a solitaire game. The calendar presented events and activities at the facility 
and the ‘meal of the day’ served in the cafeteria. The facility also had a library with 
computer terminals that the residents were free to use. 
 
To explore and understand the residents’ current understandings, knowledge and 
experience with technology, I decided to start a technology support service at the 
facility. This was partially informed and guided by the findings of the literature review 
which highlighted, among other things, the usefulness of: relying on existing networks 
of seniors and caretakers when recruiting participants; having an easily accessible and 
suitable location to meet; getting to know each other and establish mutual trust and 
respect; considering potential participants’ physical and mental abilities to participate, 
and; conducting observations, interviews, and hands-on explorations in the homes of 
participants or in other realistic contexts. I reasoned that, by offering a weekly 
technology support service, the residents would come to me with their questions and 
problems regarding technology, rather than me having to actively seek out individual 
residents to talk to. It would allow me to get to know the residents and develop trusted 
relationships, and to establish a context in which it was natural to ask questions 
regarding their use of technology. It would also ensure that the focus of our discussions 
centered on their needs and concerns, and it could potentially lead them to invite me 
into their homes to discuss and understand their everyday situated experiences with 
the technologies they used. Ultimately, the intention was to identify potential 
participants and their particular everyday needs that could form the basis for a PD 
project. The next paper describes and analyses some of the insights that emerged from 
this fieldwork. 



 35 

4.2 Paper 2: Technology support service to understand seniors’ 
current use of technology 

4.2.1 Reference 

Rosseland, R., (2014). (Dis)abling Effects of Technology Use and Socio-material 
Practices, in: Molka-Nielsen, J., Nørbjerg, J., Pries-Heje, J., Holone, H. (editors): 
Selected Papers of the Information Systems Research Seminar in Scandinavia, 149–160. 

4.2.2 Summary 

This paper reports on some of the experiences and insights that emerged throughout 
the first few months of conducting a weekly technology support service for residents 
at the independent living facility. The findings are presented in the form of two 
vignettes that exemplify the kinds of experiences and relations some of the residents 
have with current technologies. The vignettes are analyzed through the lens of Actor-
Network Theory (ANT), highlighting how the use of the technologies are enmeshed 
in a web of socio-technical relations that contribute to mediate residents’ sense of 
ability (and disability). The paper contributes two main insights that are important to 
consider when designing new technology for senior citizens. First, the enabling power 
of technology lies in its appropriate introduction into everyday situated lives and 
practices. The determining factor for the successful introduction and use of technology 
lies in how it enables people to do what they want to do and be whom they want to 
be. Second, senior citizens are relatively unfamiliar with modern digital technologies 
and many need guidance to find the technologies that are useful and meaningful to 
them, to learn how to use them, and to resolve problems that inevitably occur.  

4.2.3 Moving forward 

The technology support service did not end with the publication of the paper. It has 
continued on a bi-weekly basis throughout the four years of my Ph.D. project. It is 
now an integral part of the activities and services at the facility and has enabled me to 
establish trusted relationships and goodwill with many of the residents, as well as the 
staff. Other seniors living in the local community have also come by to get help with 
their home-based technologies. I have been invited into the homes of many residents 
to help them with their problems, which has enabled discussions not only about their 
use of technology but also about a wide range of other topics and concerns related to 
their everyday lives. I have also frequently taken part in the daily afternoon coffee 
gathering in the facility lounge, which has proven to be a good way to get a sense for 
the daily lives and activities at the facility, and the social structures that develop among 
the residents.  
 
In sum, the technology support service was a way for me to have a ‘finger on the pulse,’ 
so to speak, of the daily lives of the resident seniors, and their experiences with 
technology in particular. It produced many insights into how the residents use 
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technology in their daily life, but it also highlighted how new technology can make life 
more difficult for seniors. For example, government and municipal services, banking, 
public transport, health services, and so on, increasingly require a level of digital skills 
that, for some seniors, make the services more difficult to access and use than they 
used to be. In some cases, digitalization effectively cuts seniors off from such services, 
rendering them dependent on others to do what they were fully capable of doing 
themselves before the service was ‘digitalized.’ Many of the residents lack the most 
basic understandings required to operate new digital technology. Although many own 
a laptop, they have difficulty decoding and navigating websites; understanding 
interface elements such as buttons, links, menus; distinguishing between applications; 
using mice, touchpads, and touch interfaces; managing login credentials; and more. 
This problem is exacerbated by the fact that their computers often contain a large 
amount of free software (bloatware), virus protection software, games, and toolbars 
that severely reduce the responsiveness of their laptops. Hence, accomplishing even 
simple tasks on their laptops often takes an inordinate amount of time. I have spent 
hours going through laptops to clean and remove unnecessary software.  
 
Furthermore, the tablets that each apartment is equipped with as part of the welfare 
technology pilot project were clearly not designed with the needs and abilities of the 
intended users in mind. They are littered with usability problems and inconsistencies 
in the interface that make them extremely frustrating to use, both for the residents and 
for more digitally capable people such as myself. For example, the tablets offer free IP 
telephony, which many of the residents have expressed excitement over when first 
introduced to the feature. However, there are three different volume settings that 
affect the volume of a call, only one of which is accessible when the phone feature is 
activated. If any of the other two ‘hidden’ controls are turned down, it does not help 
to increase the volume in the phone application. As a result, the user is unable to hear 
the person at the other end of the line, rendering the feature useless. Moreover, the 
number-pad for entering phone numbers can be disabled unintentionally while using 
other features of the tablet application. When attempting to make a phone call, the 
only indication that the number-pad is disabled is a small grey phone-icon in a toolbar 
at the top of the screen (it is green when it is enabled, see Figure 3). I have not been 
able to understand the purpose of this feature, but it certainly makes the phone feature 
difficult to use for the residents. 
 
These are only a few of many glaring usability problems with the custom tablet 
application. From my perspective, the problems seem to be indicative of more 
systemic issues related to the way the smart house pilot project was organized and 
funded. The company that received the contract for the pilot project has delivered a 
product that, while offering functionalities that seem to cover a predefined list of 
deliverables, are littered with problems that would have been easy to identify through 
simple usability tests. Even the obligatory solitaire game does not work properly.  
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Figure 3. The tablet interface for IP telephony. Top: The small green phone icon in the upper edge 
of the screen is lit, which enables the call button (‘Ring’). Bottom: Touching the small phone icon 
disables the call button. Also, the volume control to the right below the number pad does not work if 
either of the two other (hidden) volume controls are turned down. 

After having conducted the technology support service for some months, it was 
becoming increasingly clear to me that any attempt to organize and conduct a PD 
project with the residents would have to address some of the glaring problems with 
the existing technologies at the facility, particularly the computer tablets. However, 
the prospect of trying to solve existing usability problems in a badly designed, 
proprietary system did not appeal to my research interests. I was more interested in 
using design and prototyping to explore new and alternative design concepts that 
could contribute positively to the health and welfare of its users. Accordingly, the 
technology support service did not lead to the recruitment of residents to take part in 
a PD project. Instead, it remained just a service for which I was willing to volunteer.  
 
However, through my regular visits at the facility, I noticed a few things that piqued 
my interest, and that eventually led to the formation of the RepMoves project. First of 
all, music is extensively used in social gatherings at the facility and seem to be valued 
and appreciated by many of the residents. The caretakers regularly play the piano and 
sing to the residents and there are frequent performances and concerts by visiting 
musicians. I have observed residents becoming so engaged in the music that they were 
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compelled stand up from the chair and dance/move around, sometimes instigating 
and inviting others to get up and dance. Others would sit quietly, listening and 
enjoying, or singing along if they knew the lyrics. Talkative individuals have been told 
by other residents to be quiet and respect the sanctity of the performance.  
 
Secondly, it also struck me that many of the residents seemed to be immobile for large 
parts of the day, either sitting at home in their apartment or the cafeteria. The facility 
had a very nice gym with modern (‘smart’) exercise equipment, but very few residents 
seemed to use it regularly. Previously, Culén et al. [152] studied the residents’ use of 
the ‘smart’ gym equipment at this facility. The authors found that the residents 
struggled to understand how to use the gym equipment itself, as well as the ‘smart’ 
features designed to provide individualized exercise programs for the different 
machines and to track individuals’ performance.  
 
During this period, I also came across a video of a social worker who used cheap, 
portable music players (iPods) and headphones to bring age-relevant music into the 
lives of Alzheimer patients [153]. The video shows a man sitting passively in his 
wheelchair, not responding when being spoken to, not able to recognize his daughter, 
and severely limited in his speech. However, as soon as the man is given an iPod and 
headphones with some familiar music, his face lights up, his eyes open, and he starts 
to hum and move to the rhythm of the music. His articulation improves significantly, 
and he talks passionately and eloquently about what music means to him. It is a 
moving sequence because there is such a stark contrast in the man’s behavior, and it 
is clear that his normally passive subsistence in the wheelchair belies his true abilities. 
The project depicted in the video has since evolved into a non-profit called Music & 
Memory that have successfully implemented personal music programs in "hundreds of 
care organizations throughout the U.S. and Canada" [154]. Also, the documentary 
film Alive Inside [155], released to critical acclaim in 2014, gives a compelling depiction 
of the Music & Memory project. It is a strong testament to how music, delivered 
through cheap and widely available technologies, can be used to significantly improve 
the daily lives of seniors with Alzheimer’s disease. 
 
These observations and insights led me to reflect on and consider if, and how, music 
could be used interactively to motivate increased physical activity. To investigate the 
idea further, I conducted interviews with four residents, focusing on their interest in 
music and their interests and reflections regarding physical activity. The interviews 
seemed to confirm my observations: Three of the four residents reported that music 
was an essential part of their lives and something that they cherished. Their faces lit 
up as they explained what music meant to them, and how important it was to have 
access to their favorite music on a regular basis. Some of them had played instruments 
themselves, but none of them played actively now. Furthermore, all four also 
admitted, and lamented, that they did not get enough regular physical activity and 
exercise. Some of them did use the gym and were pleased with the available exercise 
equipment. Nevertheless, they all expressed a lack of motivation to exercise as often 
as they would like. 
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It was during this period that the idea for the conductor concept emerged. I reasoned 
that it would be interesting to see if it was possible to design an interactive system that 
drew on the natural tendency of music to motivate and sustain human movement. To 
explore this idea further, and to understand how it could be realized in a functional 
artifact, I started tinkering and playing around with some computer code. This 
tinkering eventually led to the construction of the first functional proof-of-concept 
prototype, which confirmed to me that the idea had some merit and warranted further 
investigation. This process of designing, developing, and refining the prototype, as well 
as exploring its use with seniors and other stakeholders in different real-world use 
contexts, is the subject of the next chapter. 
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–––––––––––––––––––––––––––––––––––––––––––––––––– 

5 The RepMoves Project 

–––––––––––––––––––––––––––––––––––––––––––––––––– 

This chapter describes and documents the RepMoves project, which is covered in the 
three remaining papers included in this thesis. Paper 3 describes the process of 
designing and constructing the research artifact, RepMoves, in the lab. Paper 4 
presents a field study where RepMoves was used to explore interpersonal entrainment 
and synchrony through rhythmic interaction with music in an activity group for early 
stage Alzheimer’s disease/dementia patients. Finally, paper 5 discusses how new 
knowledge and research opportunities emerge in the encounter between deliberately 
designed research prototypes and specific, real-world use contexts. Similar to chapter 
4, this chapter presents brief summaries of each of the papers. Between these 
summaries, I give longer descriptions of how the project moved forward by exposing, 
testing, and presenting the prototype to a variety of informants and stakeholders in 
different contexts. Thus, the chapter describes and exposes how the design and 
development of the prototype was used to explore the idea of promoting physical 
activity and social engagement among senior citizens through rhythmic interaction 
with music.  

5.1 Paper 3: Exploring the conductor concept in the lab 

5.1.1 Reference 

Rosseland, R.B, (2018?). RepMoves: Building a Material Understanding of Tempo as 
an Interactive Coupling Between Movement and Music. Submitted to: International 
Journal of Design. 

5.1.2 Summary 

This paper describes the process of constructing the research prototype, RepMoves, 
which is the focal point of this thesis. This process did not address a clearly formulated 
research question, nor did it follow a prescribed and formalized research method. 
Instead, it evolved ‘organically’ through a reflective conversation with digital 
materials, guided by questions regarding an imagined interactive coupling between 
movement and music. It asked: What if the music you listen to dynamically adapts and 
synchronizes its beat tempo to the tempo of your movements? How would it feel? How would it affect 
your movements? What kind of experiences would such a system engender? How could the system be 
designed to draw the user into an aesthetic engagement with the music?  
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These questions were explored by manipulating and configuring computer code in 
Max 71 (hereafter referred to as ‘Max’) and using the Microsoft Kinect full-body 
motion sensor to capture bodily movements. By making incremental changes and 
improvements and experiencing and reflecting on the effects of those changes by 
actively interacting with the prototype, knowledge and insights emerged in an iterative 
and reflective process of seeing-moving-seeing (or, more precisely, experiencing-
configuring/coding-experiencing). The knowledge produced in the process is to a 
large extent inscribed in the resulting artifact. However, the artifact does not, in itself, 
articulate and communicate this knowledge in a clear and concise way. This paper 
attempts to communicate some of the nuanced and interrelated knowledge that 
emerged in this process, thereby contributing to the ongoing discussion regarding the 
design of research prototypes as a form of knowledge production in HCI. 

5.2 Moving forward: Field explorations 

During the process of constructing RepMoves (as described in paper 3), different 
versions of the prototype were demonstrated and tested by seniors, caretakers, 
researchers, and technologists in a variety of settings. These were not formal tests, but 
opportunities to explore and discuss the interactive experience provided by the system, 
to inspire and inform further development, and to produce new knowledge about the 
underlying idea of promoting healthy behavior through aesthetic interaction with 
music. In some cases, I used the prototype to solicit help in solving or addressing 
specific issues related to the construction of the artifact itself. In other cases, the 
prototype was used to engage participants in experientially informed discussions about 
potential future uses of the system. In this section, I describe how various excursions 
outside the lab, with and without the prototype, influenced the design of the prototype 
and the evolution of the research project. 

5.2.1 The Joy of Life Festival 

During the first year of my Ph.D. work, described in chapter 4, the basic idea for the 
system evolved in the background while I was doing fieldwork and conducting 
literature reviews. I started building the prototype as a side-project because I was 
curious about how to realize the idea of synchronizing the rhythm of music to the 
tempo of bodily movements.  
 
One of the early inspirational moments that led me to pursue the idea further came 
at a conference/festival arranged by Drammen Municipal Library called 

                                            
 
1Max 7 is an integrated development environment (IDE) for interactive audiovisual programming. It 
implements a visual programming ‘language’ comprised of a vast range of computational objects, or 
building-blocks, that can be interconnected to create interactive systems. See 
http://www.cycling74.com/. Also, see section 6.1.2 for a discussion of some of the benefits of Max 
with regards to this project. 
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Livslystfestivalen (Eng.: “The Joy of Life Festival”), which targeted senior citizens and 
professionals working in elderly care. One of the speakers at the festival was Dr. Audun 
Myskja, a physician and researcher working in the fields of music therapy, elderly care, 
and dementia. He spoke passionately about the benefits of regular physical exercise, 
social interaction, and music therapy. He argued for what he called a ‘mastery’ 
approach to elderly care that focuses on promoting and cultivating people’s skills and 
resources, as a critical supplement to curative and preventive medicine. Speaking to a 
largely elderly audience, he gave specific examples of simple exercises that seniors 
could, and should, perform daily to avoid the onset of age-related health challenges. 
For example, he recommended cultivating the diagonal swinging of arms that happens 
naturally during walking. He argued that this was a critical ability for seniors and that 
losing this ability leads to increased health risks. In particular, he stressed that 
alternately swinging the arms back and forth is beneficial for people who suffer from, 
or who are at risk of developing Parkinson’s disease. Furthermore, he recommended 
running in place as fast as possible for 20 seconds, one to three times per day, to 
significantly reduce the risk of developing diabetes. Finally, he argued for daily 
activation of the large joints of the body. Listening to these recommendations and 
reflecting on the system I was in the process of building and exploring, I realized that 
the system could potentially be designed to incorporate some of these movements, and 
others, to work as a type of musical home-exercise system. Dr. Myskja’s talk also 
inspired me to look further into research on music therapy, including his book "Den 
Siste Song" (Eng.: "The Last Song") [41], which focuses on the use of music and music 
therapy in elderly care. Some takeaways from the literature were that: 
 

• the qualitative evidence for the benefits of music therapy in elderly care is 
undisputable [40], [43], [46], [47], [156]. However, empirical evidence of 
causal mechanisms between intervention and effect is prohibitively difficult to 
produce [44], [157], and there are diverging and partially conflicting 
understandings of what constitutes evidence-based music therapy [45]. 

• music therapy comes in many forms – both active (music making) and receptive 
(passive listening) [44] – and should be adapted to individuals/groups [41]. 

• rhythmic auditory stimulation (RAS) is a research-based method that employs 
rhythmic auditory cues, including music, to guide and pace repetitive 
movement. It is particularly used in the care and rehabilitation of stroke 
patients, people with Parkinson’s disease, brain trauma, cerebral palsy, and 
Huntington’s disease [6], [41]. 

• there is a large variety of musical preferences among Norwegian older adults 
on an individual level. It is therefore important to adapt music selection to 
individuals and therapy groups. Based on extensive surveys and interviews 
regarding music preferences among Norwegian older adults, Dr. Myskja 
compiled a representative collection of popular songs and artists, divided into 
genres. The collection can be used as a starting point for compiling music 
playlists for individuals or groups of patients [41]. 
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The organizers of the festival (Drammen Municipal Library) also presented their own 
activity project targeting senior citizens in the local community called Seniorgamer. This 
was a weekly activity group where seniors met at the library to play movement-based 
computer games (mostly Kinect Sports: Bowling) using a Microsoft Xbox 360 gaming 
console and Kinect motion sensor. Inspired by Dr. Myskja’s talk, and the 
Seniorgamers’ enthusiasm for playing movement-based games, I contacted the 
administrator of the Seniorgamer group and asked if I could come and present my 
project to the group. She was very enthusiastic about the idea and we agreed on a 
suitable time a few weeks later.  
 
At this stage in the development of RepMoves, I had only implemented the conductor 
movement pattern, which required the user to repetitively move the hand from side 
to side to control the tempo of the music. Furthermore, as described in paper 3, I used 
linear interpolation and averaging of gesture durations to eliminate sudden changes 
in tempo and pitch. This introduced significant latency into the system that, while 
reducing the harsh effect of sudden pitch changes also reduced the responsiveness of 
the system. In preparation for the meeting with the Seniorgamers, I spent the next few 
weeks exploring and developing several more movement patterns that tried to 
incorporate some of Dr. Myskja’s exercise suggestions, including body-sway, arm-swing, 
and knee-lift movement patterns (corresponding to the second stage of the design 
process described in paper 3). I also compiled a small list of songs to use at the 
Seniorgamer meeting, based on the recommendations in Dr. Myskja’s book.  
 
Thus, the design of the initial prototype, the visit at the Joy of Life festival, the 
consultation of literature on music therapy in elderly care, and the subsequent 
modifications of the prototype comprises the first iteration of the project. In Schön’s 
terms, I made an initial ‘move’ by designing the first prototype. I then ‘saw,’ and 
reflected on, how the idea behind the prototype resonated with Myskja’s talk, with the 
existing practices of the Seniorgamers, and with existing literature on music therapy 
in elderly care. Finally, I modified the prototype based on the insights that were gained 
in the process, constituting a new ‘move.’ Next, I brought the improved, but still 
relatively basic and crude prototype to the Seniorgamers to explore how it resonated 
with them. My basic goal for the meeting was (i) that some of the participants would 
be willing to try the system, (ii) that those who tried would be able to use it with 
minimal guidance or instructions, and (iii) that those who tried it would be able to 
control and synchronize to the beat of the music. I also expected them to express some 
displeasure with the varying pitch of the music. 

5.2.2 Seniorgamers, library group 

At the meeting with the Seniorgamers (4 seniors + 2 organizers), we first played a 
couple of games of bowling on their regular Xbox system (Figure 4). The lady 
organizing the events (‘Susan’) expressed frustration regarding the many steps 
required to set up a game. She underlined that a game for seniors should minimize 
the amount of setup and configuration required to play. While playing the bowling 
game, the seniors seemed to enjoy the social interaction it facilitated. They 



 45 

commented and encouraged each other and expressed sympathy when the ball went 
into the gutter or otherwise missed the bowling pins. They were not very focused on 
the score and did not think of it as a competition. 

 
Figure 4. The Seniorgamer group playing Kinect Sports:Bowling at Drammen Municipal Library, 
Norway. 

Afterward, I gave a small presentation and demonstration of RepMoves, describing it 
as an early prototype of something that could eventually become a game that they 
could play on their Xbox system. I also pointed out that the change in music pitch was 
an issue that I hoped to eliminate at a later stage. They seemed interested and 
fascinated. Three people volunteered to try the system. It was encouraging for me to 
see that once I explained how to move (“swing your arms alternately back and forth 
or sway your body from side to side”), all three were able to interact with the system. 
The most challenging part was to find a good pace at the start because the music 
would start at a very slow speed and quickly (1-3 s) speed up to match the user’s tempo. 
This quick increase in tempo was somewhat confusing to the participants and required 
some initial adjustments of movements. However, they were all able to maintain a 
relatively stable movement tempo, thereby allowing the music to ‘catch up.’ They all 
seemed to enjoy the experience, despite the changing pitch of the music. They made 
comments during interaction, such as: “This was fun!”; “I’m starting to sweat”; “This 
is good exercise”, and; “One song is enough” (indicating that the duration of one song 
(3-4 minutes) was enough time to cause a moderate increase in heart rate and 
perspiration without being exhausting). Most of them used the arm-swing movement 
pattern, but one lady also tried the body-sway movement pattern (requiring side-to-side 
movements of the head). She crouched down slightly, bending at the knees and hip, 
and performed a fluid side to side movement of the upper body while alternately 
extending one foot as if she was ice skating. Afterward, she suggested that maybe it 
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would be nice to have a point-of-view video of an ice skater doing laps in an ice skating 
rink. Another lady also suggested that it would be nice to simply have some beautiful 
nature pictures to look at during interaction, or possibly pictures that somehow 
matched the theme of the music. I agreed and underlined that it was something I was 
interested in exploring further. Indeed, these questions were explored later in the 
project. However, at that time the prototype was not stable enough, and I needed to 
spend more time on developing and improving the core functionality.  

 
Figure 5. The lady in the foreground is controlling the tempo of the music by moving her body from 
side to side. The man in the background enthusiastically joins her and synchronizes to her movement 
tempo, but without actually interacting with the system. 

Another participant seemed particularly inspired by the experience. When the others 
were interacting with RepMoves, he would stand ‘out of sight’ of the Kinect sensor 
and perform the same movement pattern in sync with the other person (and the music) 
(see Figure 5). He also hummed or tried to sing along to the music. At this stage, 
RepMoves could only track one user at a time, but it was clear that it would be 
interesting to explore how the experience would change if several people could 
interact with it simultaneously. Susan commented that the arm-swing movement 
pattern corresponded to the exercise Dr. Myskja had recommended to reduce the risk 
of developing Parkinson’s disease. We also discussed and agreed that it would be useful 
to have a separate device/console that would allow quick and easy setup without 
having to use gestures. Finally, someone suggested that the lyrics of the songs could be 
presented on-screen, karaoke style. When concluding the meeting, we agreed that the 
system needed significant development before it could become something they could 
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use by themselves. However, they were very positive to the idea and encouraged me 
to come back when I had developed it further. 

5.2.3 Residents at independent living facility 

Inspired by the positive experience at the Seniorgamer meeting, I arranged two 
meetings with pairs of residents at the independent living facility for seniors where I 
was conducting a weekly technology support service. I wanted to get some ‘second 
opinions’ to supplement the insights from the Seniorgamer meeting. These residents 
were older and frailer than the Seniorgamers, and two of them used walkers to move 
around. Nevertheless, we found that the walkers did not interfere with the system’s 
ability to detect their movements. One of them also demonstrated a movement that 
she had been recommended by her physician where she would swing one foot 
repeatedly out to the side while using the walker for balance support. We agreed that 
this could be implemented as a new movement pattern. All four were able to control 
and synchronize movement and music tempo. However, one of them commented that 
the variable pitch of the music was very detrimental to the experience. This was no 
surprise. In fact, I was more surprised that there were not more comments to that 
effect. Nevertheless, it was clear that I needed to find a solution to this issue to fully 
understand the potential of the interactive coupling. 
 
One of the residents (‘Arne’) playfully tried to perform quick changes in movement 
tempo to explore and understand how the system reacted. However, as described in 
paper 3, I had implemented a mechanism to prevent the music from quickly speeding 
up due to high-frequency signal noise when the user was not moving. This mechanism 
would cause the system to ignore further input until the input was within 10-15 percent 
of the current tempo of the song. In this case, Arne’s quick tempo changes triggered 
the ‘speed-limiting’ mechanism, thereby causing the system to ignore any further input 
and, thus, breaking the flow of the interaction. I explained to him that he had to 
readjust his tempo to match the current tempo of the music (which remained at the 
level it was when the speed-limiting mechanism was triggered) to regain control. He 
was able to do so, but it was clear that I needed to find a better way to deal with the 
signal noise coming from the Kinect.  
 
I continued to explore ways of improving RepMoves based on the feedback from these 
meetings. As described in paper 3, I eventually found a way to eliminate the signal 
noise, but this solution materialized at a later stage in the process.  

5.2.4 Researchers focusing on fall prevention and exergames 

After the two first rounds of exploration with seniors, I was contemplating the 
possibility of expanding the range of movement patterns, thereby allowing the user to 
combine different movement patterns into an individualized exercise program. 
However, designing exercises for seniors is not my area of expertise and would 
obviously require the involvement of people with medical and physiological expertise. 
Previously, during the NordiCHI 2014 conference, I had met some researchers based 
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in Trondheim, Norway working in the fields of Gerontology and Gerontechnology. 
They were studying the use of exergames (digital games that require physical exertion 
to play) targeting balance training and rehabilitation for senior citizens. I contacted 
them to get some input on potential avenues to pursue and was invited to visit their 
lab and present my project.  
 
The presentation was held during the regular lunch break in the department, with 
some 15-25 researchers, physical therapists, nurses and other medical professionals in 
attendance. I introduced the idea of a music system that adapted the beat of music to 
synchronize to the pace of repetitive exercises. I proposed that it could potentially be 
used to guide and pace repetitive movement while allowing the user to determine the 
appropriate tempo. Moreover, I explained that I was visiting their department to get 
some input on potential exercises or ways of moving that could be incorporated into 
the system. Finally, I showed a movie demonstrating the system in use. Afterward, a 
short session of comments and questions ensued. One person commented that the arm 
swing movement pattern was beneficial for Parkinson’s disease patients because it 
activates both halves of the brain, which reaffirmed Dr. Myskja’s claim during his talk 
at the Joy of Life Festival. Another person underlined that exercise programs must be 
designed to provide progressive challenge and complexity to ensure exercise 
progression and that this needs to be tailored to individual needs and capabilities. 
 
After the lunch meeting, I met with the person I had come to visit (‘Anne’), and two 
of her colleagues who were curious about my work. We rigged up RepMoves in a 
small conference room to allow them to test and experience it. While testing and 
discussing the system, Anne was particularly intrigued by the cognitive challenge 
posed by RepMoves’ delayed response to her movements (caused by the previously 
described latency). It forced her to be attentive and cognizant of how she moved in 
relation to the beat of the music. If she wanted to increase the tempo, she needed to 
move slightly faster than the music by finishing individual gestures slightly ‘in front of’ 
the beat. This would lead the music to slowly increase in tempo. When trying to 
stabilize the tempo again, it was challenging to refrain from making corrective 
movements that were too slow, thereby causing the music to decrease in tempo again, 
which, in turn, required new corrective movements, and so on. Thus, attempting to 
stabilize the music tempo involved a certain level of concentration and attentiveness 
to the differences between the rhythm of the music and the movement tempo, and an 
ability to predict how long the duration of the next gesture should be to produce the 
desired result. We discussed how the choice of music with different rhythmic structures 
could provide different levels of difficulty, and how this could be used actively to 
construct individually tailored programs with progressively more challenging and 
rhythmically complex music. 
 
We also discussed the fundamental difference between RepMoves and existing 
exergames. All the exergames Anne was familiar with through her research relies on 
visual, screen-based feedback and gameplay. Although music is a common element in 
exergames, it is mostly used as background and support of the visual narrative of the 
game. Even popular commercial music games such as Dance Dance Revolution 
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[158], Dance Central [159], and Guitar Hero [160] rely on screen-based cues to guide 
users’ movements. This reliance on screen-based feedback and gameplay necessitates 
careful consideration of how the game narrative will unfold, and how the narrative 
should be designed to provide appropriate exercise. As such, the ‘content’ of the game 
and the movements required to interact with it are defined by the game designers. In 
RepMoves, on the other hand, the music provides the content and narrative structure 
of the ‘game.’ The music is entirely interchangeable and can be selected to match user 
tastes and preferences as well as provide variation in challenge and complexity. 
Furthermore, the interactive coupling does not prescribe specific bodily movements, 
but can potentially synchronize to a wide range of repetitive movement activities. 
 
We also touched upon the topic of methods for evaluating and assessing the effects of 
exercise interventions, such as the Mini-Mental State Examination (MMSE), Berg 
Balance Scale (BBS), Timed Up-and-Go (TUG) test, and others. The Otago exercises 
[161] were mentioned as an example of exercises that reduces the risk of falling as well 
as the risk of premature death. Finally, we discussed existing research and literature 
to consult, particularly systematic reviews such as Cochrane reviews [162] that 
summarizes and evaluates existing knowledge on specific topics in the healthcare field.  
 
After the visit, I spent a considerable amount of time searching and reviewing medical-
oriented research related to senior citizens’ health and wellbeing. This review covered 
a wide range of topics and perspectives, and it is outside the scope of this thesis to give 
a systematic and comprehensive account of this research. However, I give a list of 
selected insights that emerged from this process: 
 

• There is overwhelming evidence that regular physical activity and exercise can 
reduce the risk of developing age-related health challenges and chronic 
diseases; slow down the progression of existing conditions; increase quality of 
life; reduce functional limitations; promote independence, and; reduce the risk 
of premature death [17], [19], [48].  

• Cardiovascular and resistance training can be used as primary and secondary 
prevention of cardiovascular disease, diabetes, cancer, hypertension, obesity, 
depression, and osteoporosis [16], [17].  

• A combination of two or more exercises targeting strength, balance, flexibility 
and endurance can reduce the risk and rate of falls [163]. “Exercising in 
supervised groups, participating in Tai Chi, and carrying out individually 
prescribed exercise programmes at home are all effective.” [163].  

• Cognitive impairment is associated with a range of comorbidities and risk 
factors that are modifiable by increased exercise [164].  

• “Exercise training increases fitness, physical function, cognitive function, and 
positive behavior in people with dementia and related cognitive impairments.” 
[165, p. 1694].  

• Exercise may have a neuroprotective effect that reduces the risk of developing 
cognitive impairment and dementia, but the evidence so far is inconclusive 
[164], [166].  
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• “Older adults who exercise are more likely to maintain cognition than those 
who do not exercise. No randomised trials are available to show that exercise 
prevents cognitive decline or dementia, but observational studies have found 
an inverse relation between exercise and risk of dementia.” [167, p. 8]. 

• “Higher doses of physical exercise are associated with reduced risk for cognitive 
impairment and dementia. […] Further research is needed to identify the most 
beneficial aspects of exercise programs; however, evidence supports structured, 
longer duration, and multicomponent exercise programs for enhancing 
cognitive performance and overall function in older adults.” [164, pp. 59–60].  

• Patients with Parkinson’s disease should be encouraged and counseled by 
physicians to exercise regularly to establish and maintain physical fitness [166]. 
“The choice of exercise should not only be tailored to the patient’s capabilities, 
but also their interests, so that they will be motivated to maintain a regular 
routine.” [166, p. 292], my emphasis. 

• “The major challenges facing healthcare professionals today concern: (i) the 
implementation of educational programmes designed to inform elderly 
individuals of the health and functional benefits associated with regular 
physical activity as well as how safe and effective such programmes can be; and 
(ii) design interventions that will both increase involvement in regular exercise as 
well as improve adherence and compliance to such programmes.” [17, p. 810], my 
emphasis. 

 
In sum, the review suggested to me that it would be outside the scope of my project to 
design a system that provided targeted exercises and exercise programs for specific 
age-related health challenges. Doing so would turn the focus of the project towards 
designing exercises, which is entirely outside my area of expertise. The only way I saw 
any possibility of studying the potential health effects of using RepMoves during 
exercise would be if I could find a team of medical researchers who would be interested 
and willing to design and conduct a study targeting specific exercises and health 
challenges.  
 
On the other hand, the review also confirmed that there is an immense potential to 
make an impact on the health and well-being of older adults if we can find ways to 
increase involvement and adherence to exercise programs and physical activity 
practices. Therefore, in my eyes, the relevance of RepMoves lay in its potential to 
enrich and pace a variety of repetitive movement activities in ways that are meaningful 
for individuals. As such, the goal of my project should be to explore the design of the 
generic interactive coupling with the aim of understanding the experience it provides 
and its potential to be used in a variety of contexts, without focusing on specific 
exercises or health challenges. 

5.2.5 Presentation at the Department of Musicology 

Reflecting on how to move forward, I saw the variable pitch of the music as the most 
significant hurdle to achieving the interactive experience I was aiming for. I suspected 
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that it was possible to design some form of pitch-correction functionality in Max, but 
I did not know how to do it, nor how well it would work. I contacted the Department 
of Musicology at the University of Oslo because I knew that they were using Max 
extensively in their teaching and research activities and that they had technical 
domain knowledge to discuss potential ways of using Max to eliminate pitch variations 
in real time. Furthermore, the department is also engaged in very interesting research 
on relations between body-movement and music. Assuming that they would have 
some informed opinions and suggestions regarding the idea I was exploring, I 
contacted the department to ask if someone would be interested in talking to me. As 
a result, I was invited to present my research project and prototype at one of their 
weekly research group meetings.  
 
The presentation and ensuing discussion produced several useful comments and 
suggestions. Several of the attendees had extensive experience of using Max in their 
research, and one of them offered to help me set up some code that could dynamically 
correct pitch changes in real time. They also introduced me to previous research that 
in different ways have explored similar ideas. For example, Moens, Van Noorden, & 
Leman [168, p. 1] designed D-Jogger, "an application that uses an accelerometer and 
gyroscope to analyze body movement in order to dynamically select music and adapt 
its tempo to the users’ pace." This prototype was further developed and tested in 
subsequent studies [169]–[171]. Also, one of the researchers at the meeting had 
previously developed Funky Sole Music, a shoe-worn sensor interface that would, among 
other things, adapt the tempo of music to the walking pace of the user [172]. I was 
also introduced to research studying neurological mechanisms and couplings between 
movement and music [5], [37], [173], as well as the research fields of music 
information retrieval (MIR), e.g. [174], [175] and embodied music cognition [176]. 
 
As promised, one of the researchers showed me how to set up pitch correction in Max. 
The algorithm worked quite well, dynamically eliminating variations in pitch as the 
music tempo changed. I could now reduce the artificial latency I had previously used 
in RepMoves to reduce the jarring effect of sudden changes in pitch (c.f. paper 3), 
thereby improving the responsiveness of the system. However, the pitch correction 
algorithm was not perfect. Although it retained the original pitch of the music, it 
affected some of the nuances and subtleties of the harmonic content, producing a slight 
‘flattening’ effect on the sound quality. Also, it did not respond quickly enough to 
handle large/sudden variations in pitch. When pushed to its limits, it would produce 
digital blips and distortions of the music. Accordingly, it was necessary to keep some 
of the latency of the system to avoid noise and distortion. All in all, the pitch correction 
algorithm significantly improved the interactive experience by (almost) eliminating 
pitch changes and improving the responsiveness of the system.  

5.2.6 ITP Camp 

In June 2015, I took part in ITP Camp, an annual unconference organized by the 
Interactive Telecommunications Program (ITP) at New York University. Rooted in 
the idea that making is fundamental to thinking, "ITP Camp is a 4-week crash 



 52 

course/playground for busy working professionals [where] non-student makers, 
artists, musicians, creatives of all sorts, [...] come to ITP on evenings and weekends to 
make stuff, hear speakers on the cutting edge, [and] collaborate with people from 
diverse disciplines" [177]. It is structured around the concept of unconferences where 
participants create and hold workshops, presentations, and classes to share their skills, 
ideas, knowledge, and passions with each other. 
 
During the conference, I held a two-hour presentation of my Ph.D. project and 
demonstrated the current version of RepMoves. Many of the attendants had 
considerable technical knowledge, and the presentation proved to be a good 
opportunity to discuss the technical makeup of the system and to get feedback and 
suggestions on how to improve the code. However, the most useful outcome of the 
presentation did not materialize until the very end of the conference, when one of the 
attendees at my presentation suggested that I might be interested in talking to another 
participant she had met (‘Sarah’). As it turned out, Sarah was working as a research 
assistant at a medical research lab focusing on stroke rehabilitation (Rusk Institute of 
Rehabilitation Medicine, NYU Langone Ambulatory Care Center). The lab had 
developed a prototype for an exercise machine to support upper-limb rehabilitation 
of stroke patients, which required the patient to perform repetitive arm movements. 
In previous research, they studied the effects of different forms of rhythmic auditory 
stimulation (RAS), including self-selected music, on users’ performance when using a 
different custom-made wrist trainer [178]. They found that a regular and monotonous 
metronome beat, set at a comfortable tempo, produced better results than self-selected 
music. They speculated that the rhythmic structures and tempo of the self-selected 
music might have influenced participants’ performance, "leading to a reduced 
peripheral synchronizing effect on wrist extension" [178, p. 9]. After having 
demonstrated RepMoves for Sarah, we discussed the possibility of adapting it to be 
used with their new upper-limb rehabilitation prototype. However, without seeing the 
device, it was difficult to have an informed discussion. I was therefore invited to their 
lab to discuss the idea further.  

5.2.7 Rusk Institute of Rehabilitation Medicine 

When visiting the research lab, I got to see and test their prototype. It was a 
rectangular, desk-like structure with two padded levers on top, in parallel to the desk 
surface (see Figure 6). Between the levers, there was an opening in the desk surface 
large enough to accommodate a person sitting on a chair. The patient would sit 
between the levers, with his elbows bent at ~90 degrees, and place his forearms on the 
levers. The levers were attached to the desk by pivot points at the end of the lever 
where the elbow rested, enabling a radial, horizontal movement of the forearm, 
pivoting at the elbow/shoulder. The levers were mechanically coupled to each other 
by wires and pulleys built into the desk, ensuring that the movement of one lever would 
be mirrored by the other lever. The purpose of the device was to allow a stroke patient 
who suffers a loss of motor-control on one side of the body (hemiparesis) to use the 
strength in the healthy arm to retrain motor function in the affected (paretic) arm.  
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Figure 6. Rough sketch of the upper-limb rehabilitation prototype developed at Rusk Institute of 
Rehabilitation Medicine. The levers are mechanically coupled, allowing a hemiparetic patient to use 
the strength in the healthy arm to repetitively induce an equal but mirrored movement of the paretic 
arm. RepMoves synchronized the beat of the music to the movement tempo of the levers. 

The desk contained a microcontroller (Arduino Uno) that used a single rotary encoder 
to record the direction and amplitude of the movement of the levers. The Arduino 
was connected to a computer with custom software that used the signal from the rotary 
encoder to give visual feedback to the user. As our discussion progressed, it was 
becoming increasingly clear to me that it would be straightforward to adapt 
RepMoves to work with the rehabilitation device. The Arduino produced a single 
analog signal that either increased or decreased in value depending on the movement 
direction of the levers. This is the same type of signal that RepMoves uses to detect 
movement tempo using the Kinect sensor. Accordingly, all I had to do was set up 
some code that enabled RepMoves to use the Arduino as input instead of the Kinect.  
 
I spent the evening doing the necessary adaptions to the code and returned the next 
day to try it out. We plugged the Arduino into my computer, launched the RepMoves 
code and started the music. As I started to move the levers back and forth, the music 
dynamically adjusted the tempo to match the movement pace. We were all fairly 
excited to see how easy it was to join the two systems. I also noted that the mechanical 
resistance in the exercise device made it physically impossible to make sudden tempo 
changes, which served to mask RepMoves’ inability to quickly adapt to sudden tempo 
changes (as previously mentioned).  
 
Unfortunately, I was flying back to Norway that evening and we did not have much 
time to discuss the details of how we were going to proceed. Sarah and the lead 
researcher informed me that they were expecting to receive a new, professionally 
produced version of their exercise prototype, which they were intending to use in an 
upcoming study. They offered to use RepMoves in this study, and to share the data 
with me. The lead researcher had some other business to attend, and left Sarah and 
myself to work out the details of how to proceed. First of all, it was necessary to install 
RepMoves on the PC they were using with the system, and to get it up and running. 
Secondly, I had to introduce Sarah to the basics of how the RepMoves code worked, 
including a quick crash course in Max, which she was not familiar with. Third, we 
had to figure out how to integrate RepMoves with their existing software, which was 
built using the Unity game engine [179]. However, we ran into problems getting the 
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RepMoves code to work on their Windows-based PC and spent most of the remaining 
time trying to solve this problem. Nevertheless, I was able to give Sarah a quick 
introduction to the basics of how Max and the RepMoves code worked. Also, I 
suggested to Sarah that we could use Open Sound Control to send data from Max to 
Unity (internally on the computer). I knew that this was fairly easy to set up in Max. 
We searched and found a plugin for Unity that claimed to enable communication 
using OSC, but we were not able to get get it installed and tested before I had to leave. 
We agreed that Sarah would get in touch with the developer of their Unity program 
to figure out the OSC communication. 
 
I spent the next few months communicating with Sarah using Skype and email. We 
were quickly able to get RepMoves up and running on their computer but 
implementing OSC communication with their existing Unity code turned out to be a 
bigger challenge than I had anticipated. While she was working with the developer to 
resolve the OSC communication in Unity, I was working to improve and clean up the 
RepMoves code to make it more understandable for Sarah. I also developed a feature 
that stored all the session data during interaction (duration of individual gestures). The 
data points needed to be timestamped with millisecond precision in order to be 
comparable to the physiological measures that Sarah and her colleagues would be 
recording during the study. This proved to be a significant challenge to my coding 
skills in Max and took a long time to figure out. Meanwhile, the new exercise device 
arrived in the lab in New York. Still unable to figure out the OSC communication, 
Sarah was now faced with a new computer that came with the new device, onto which 
our software now had to be transferred. Unfortunately, it seemed that Sarah was 
somewhat overwhelmed with the level of technical skill required to pull everything 
together. Due to time constraints, these issues eventually led to a premature end to 
this line of inquiry.  
 
Although I had spent a significant amount of time to prepare for the study, the efforts 
were not in vain as the process had provided many useful insights. It had demonstrated 
how easy it was to adapt RepMoves to work with other input devices and movement 
activities, and it had given one very concrete example of how RepMoves could be 
applied to a specific stroke rehabilitation context. It had also involved extensive coding 
and improvement of the prototype, as well as the development of functionality for 
recording session data. This became useful in the next iteration of the project. 

5.2.8 Preparing for the first study 

Through my own extensive experience of testing and using RepMoves, I felt 
increasingly confident in the experience it provided. It responded relatively quickly to 
changes in tempo and the pitch correction algorithm ensured that the music retained 
its original pitch despite variations in tempo/playback speed. It was now time to 
prepare and conduct a more focused study than the short and informal tests I had 
conducted so far. Inspired by the social context of the Seniorgamer activity group, as 
well as the concepts of interpersonal entrainment and interpersonal synchrony [90], [180], I 
was interested in exploring how the interactive coupling implemented in RepMoves 
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could be used to facilitate interpersonal entrainment and synchrony between two or 
more users engaged in co-located interaction. Moving in synchrony with others to the 
rhythm of music is an inherently pleasurable experience, and I wanted to explore how 
RepMoves could take advantage of this to facilitate a more socially engaging and 
enjoyable experience. To that end, I contacted the Seniorgamer group to hear if they 
wanted to take part in a study. The administrator was excited about the idea but, due 
to other commitments, we were unable to find a suitable time-frame for the study 
within the next six months. As an alternative, I contacted a preventive medical center 
that specializes in providing nature and culture activities to promote health and quality 
of life for a wide variety of target groups. After meeting with the administrator of the 
center to discuss my project, she suggested that we talk to an activity group for early 
stage Alzheimer’s patients (hereafter referred to as the ‘Walker’ group, or simply ‘the 
Walkers’). Upon consulting with the caretakers organizing the group, they agreed to 
take part in a study over the course of two months. The next paper (paper 4) describes 
and documents this study. 

5.3 Paper 4: Interpersonal entrainment and synchrony in Alzheimer 
patients  

5.3.1 Reference 

Rosseland, R.B., (2016). Design and Evaluation of an Interactive Music System for 
Exercise and Physical Activity with Alzheimer’s Patient. Sound Effects, 6(1), 4-22. 

5.3.2 Summary 

This paper reports on a field study where RepMoves was tested and explored in a 
weekly activity group for early-stage Alzheimer/dementia patients (Walkers). Over the 
course of five visits, pairs of participating seniors engaged in co-located interaction 
with the system. The study sought to understand how the interactive coupling 
implemented in RepMoves could facilitate interpersonal synchronization of 
movement and to explore the experiences that emerged in this particular context. It 
was an attempt to explore and understand how the interactive coupling could facilitate 
social interaction, and whether it could be adapted to become a natural part of the 
practices of the activity group.  
 
The study showed that, in most cases, RepMoves enticed and guided pairs of 
participants to entrain and synchronize their movements to each other by dynamically 
adapting the music tempo to represent the average movement tempo of both users. 
When the movements of both users were synchronized, the music beat would also 
synchronize to that tempo, thereby facilitating and reinforcing interpersonal 
synchrony. There were some cases where this did not happen, but these can be 
attributed to technical issues with the prototype and individual participants’ bodily 
capabilities. Several participants commented that they enjoyed the experience, but 
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there were also comments that suggested room for further development and 
improvement. In particular, it was clear that the seniors missed a visual dimension to 
the experience. For the final meeting, the prototype was adapted to include a 
slideshow of nature photos projected on the wall in front of the users. The addition 
was very well received and suggested a potential way forward for future work.  

5.4 Moving forward: Adapting RepMoves for Alzheimer activity 
groups 

Building upon the findings of the study with the Walkers, I set to work developing and 
expanding on the idea of using visual narratives in the form of photo slideshows. I also 
hoped to expand the feature by replacing the photo slideshow with a video feature. 
This process involved a great deal of exploration, both regarding how to produce the 
visual content and how to incorporate the feature into the existing prototype in a good 
way.  

5.4.1 Designing and producing visual narratives 

One of the regular activities of the Walker group was to go for walks in the beautiful 
countryside around the center. When I introduced the photo slideshow feature at the 
last meeting, we discussed with the caretakers how the slideshow could be used to 
reproduce the walks that the group normally made, as well as to depict walks in other 
surroundings, from the point of view of the ‘walker.’ We reasoned that, during the 
winter months when snow and ice prevented the group from going on their regular 
walks, RepMoves could potentially provide an alternative indoor activity.  
 
Accordingly, I set to work exploring how to produce slideshows of walks in different 
nature settings. I used a GoPro camera in time-lapse mode to capture sequences of 
photos during walks. However, it quickly became apparent that simply holding the 
camera during walks, or even attaching it to my body, would not work. When the 
pictures were shown sequentially, the horizon would bob back and forth and up and 
down in a way that was unpleasant and disorienting. To solve this problem, I used a 
gimbal to stabilize the camera during walks. This worked remarkably well, ensuring 
that the horizon remained in the same position throughout the image sequences, and 
producing smooth pans and tilts of the camera. 
 
However, each walk produced hundreds or even thousands of images, depending on 
the length of the walk and the interval time of the time-lapse feature on the camera. 
To produce a narrative structure that progressed at a reasonable pace, all images had 
to be manually reviewed and selected, which was a prohibitively time-consuming 
process. I, therefore, turned my attention towards the idea of using video instead of 
photo sequences. I now had all the technical resources necessary to produce smooth 
and stable videos of walks, but I still had to figure out how to implement a video feature 
in the existing prototype. 
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5.4.2 Building a new prototype 

By this time, the code had become increasingly complex and unmanageable. The 
slideshow feature constructed for the last session with the Walkers was built using 
Processing, a software and programming language intended for sketching and 
prototyping in the context of visual arts. The photo slideshow was integrated into 
RepMoves by using OSC (Open Sound Control) to send control messages between 
the Max code and the Processing code. However, after exploring the video capabilities 
of Processing, I realized that it simply was not powerful enough to achieve the desired 
level of integration with RepMoves. 
 
I now had to seriously rethink how to proceed. Max has powerful, built-in capabilities 
for displaying and manipulating video through its Jitter module. However, this is a part 
of Max that I am not very familiar with, and it would take a considerable amount of 
time to figure out how to use it for my purposes. Moreover, the existing Max code was 
relatively complex, and it was becoming difficult to understand and predict the effects 
of changes to the code. The system was also showing signs of sluggishness that would 
be exacerbated by the addition of video functionality.  
 
During my participation at ITP Camp in New York, I attended some workshops that 
introduced me to openFrameworks (oF). It is a powerful open source C++ toolkit for 
creative coding with a dedicated community of developers and artists who have 
contributed a range of special purpose tools (libraries) that expands the capabilities of 
the core framework. I reasoned that rewriting the entire RepMoves system in 
openFrameworks would reduce the complexity of the code. Instead of working with a 
vast web of interconnected visual objects in Max, openFrameworks offers a traditional 
text-based coding language (C++) that would make it easier to manage the expanding 
complexity of RepMoves, as well as enable version control in GitHub. After doing 
some exploration of the capabilities and strengths of openFrameworks, as well as 
available libraries, it seemed to offer all the necessary tools and capabilities, apart from 
a critical one: real-time pitch correction of the music. There were some libraries that 
claimed to enable pitch correction, but they were poorly documented and did not 
seem to be actively maintained. By this time, Max had been updated with a newer 
version that had built-in pitch-correction capabilities that worked flawlessly. I certainly 
did not want to reverse this improvement by using a poorly documented open source 
library. Nevertheless, it was easy to set up OSC communication between 
openFrameworks and Max, which led me to conclude that I could rewrite the majority 
of the RepMoves code in openFrameworks, and use OSC messages to control the final 
music output through Max. 
 
I will not go into the details of the process of rebuilding RepMoves in openFrameworks 
but only mention some of the changes and improvements that were made in this 
process. 
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Input noise filtering 
In the earlier Max-based version, I designed a speed-limiting mechanism to prevent 
the music from speeding out of control due to high-frequency signal noise when the 
user was not moving. However, this restricted the user’s ability to make quick tempo 
changes. In the new version, I used a simple moving average filter on the input signal, 
thereby significantly reducing the high-frequency noise. As a result, the rest of the 
system became more stable and reliable than the older version had been. It also 
became easier to set up functionality that could distinguish between a user who is 
actively moving (in the way specified by the selected movement pattern) and one who 
is not.  

Easier and more comprehensive data collection 
In Max, I was only able to store a single data point at a time (gesture duration). The 
switch to openFrameworks made it easier to collect more session data (gesture 
duration, current playback speed, selected song, video and movement pattern). This 
was useful for evaluating, analyzing and comparing performances. 

Elimination of latency 
After having discovered the built-in pitch-correction functionality in Max, it was 
remarkable how difficult it was to actually hear changes in the tempo of the music. In 
fact, the pitch correction worked so well that even quite large and sudden jumps in 
tempo were hardly noticeable. As a consequence, the linear interpolation that was 
used in the old system to smooth out the unpleasant effect of sudden changes in pitch 
was no longer necessary. Accordingly, I did not implement interpolation in the new 
system, producing a more responsive system that adapted to changes in movement 
tempo in almost real-time. However, I retained the functionality that calculated 
averages of the latest four gesture inputs, which served to reduce the size of 
incremental changes in tempo while still allowing the system to respond immediately.   

Video feature 
The video feature was implemented to fill the entire screen in front of the user. The 
playback speed of the video was linked to the playback speed of the music, thereby 
dynamically speeding up and slowing down in response to the user’s pace. When the 
music played at its original tempo, the video played at its original speed. I found this 
to be a relatively subtle and natural way of enhancing the interactive coupling between 
movement and music. Also, the name of the location where the video was recorded, 
as well as the selected song and artist, were displayed at the bottom of the screen. The 
video feature complemented the experience very well, particularly when using a 
projector or large screen to display the video. It established a natural and continuously 
evolving movement forward that enticed the user to continue moving in order to 
advance the ‘storyline.’ It also shifted the music into a more supporting ‘background’ 
role while retaining the pacing effect of the synchronized beat. 
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Video production 
I spent a significant amount of time producing videos in different environments. The 
videos were shot in a first-person perspective (point-of-view), in single takes ranging 
from five to 45 minutes in length. Thus, the videos depicted an uninterrupted and 
constantly progressing narrative. I recorded walks in the area where the Alzheimer 
activity group used to go for walks, as well as other urban and natural environments 
around Oslo and Drammen. I also recorded a walk through the streets of Venice, 
Italy; some mountain biking trips in Madeira, Portugal, and; a bike trip along a closed 
mountain road in Rondane National Park in Norway, with a spectacular view of the 
Rondane mountain range (see Figure 7). 

 
Figure 7. Screenshots of six different videos used with RepMoves. 

Movement is required 
Building on the idea of promoting physical activity and exertion, I designed a feature 
that would automatically pause the music and video if the user stopped moving. Thus, 
I reasoned, the user would be enticed to keep moving in order to progress through the 
audiovisual narrative. It would also allow users to deliberately pause interaction in 
order to change movement pattern, music, or video.  
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Deconstructing movement patterns 
Finally, when designing movement patterns for the old prototype, I had come to 
realize that the movement patterns were all variations of two slightly different ways of 
capturing movement tempo: They either tracked one or two points on the body, 
moving in a single plane (horizontal, vertical, or forward/backward) (c.f. paper 3). 
Therefore, I built the new system to enable independent selection of body parts to 
track, and in what dimension to track them. Also, when tracking two body parts, I 
could select between parallel or mirrored movement. This made for a more versatile 
setup, facilitating easier exploration of different ways of moving. For example, I could 
choose to track the shoulders forward/backward in a mirrored movement where one 
shoulder moves forward while the other moves backward, leading to a twisting 
movement of the torso. Or I could choose track the shoulders in parallel, thereby 
requiring the user to somehow move the shoulders forward/backward in parallel 
(which could be accomplished in a few different ways, such as stepping forwards and 
backwards or bowing repeatedly). Thus, the user could explore and figure out a 
reasonable way of moving within the limits of the movement pattern, and to alternate 
between different ways of moving.  

5.4.3 Seniorgamer group for Alzheimer patients 

As the new system was taking shape, it was clear that it was becoming a much more 
defined and refined system than the old system had been. Rather than a prototype of 
a generic coupling, it was becoming a more concrete proposal for a potential future 
product and practice. The videos and music worked well together; the system was 
responsive and adapted very quickly to the movement tempo, and; the new pitch 
correction ensured that there was no distortion in the harmonic content, producing 
music output that sounded just as good as when it was played at its original tempo. 
Inspired by the concept of research products [181], I wanted to develop RepMoves into 
a research product that could be deployed in a specific, social activity group such as 
the Seniorgamers or the Walkers, over an extended period of time, independently of 
me as designer and researcher. Thus, it would be possible to explore how it would be 
used (or not) over time, how it could be improved or changed, and how its use would 
influence and affect existing practices. 
 
To that end, I contacted the Seniorgamer administrator once more to ask if they had 
time to take part in a study. As it turned out, the Seniorgamer concept had now been 
exported to a few other activity groups for seniors in Drammen. Although the original 
Seniorgamer group at the library could not take part, the administrator introduced 
me to a daycare center for early-stage Alzheimer patients that had adopted the 
Seniorgamer concept. It was now the most popular regular activity at the daycare 
center. (Hereafter, this group is referred to as the ‘Seniorgamer Alzheimer group,’ or 
simply ‘Alzheimer group.’) After meeting with the head caretaker at the center, we 
agreed to conduct a pilot study to see how the new RepMoves system would be 
received by the seniors frequenting the daycare center.  
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The goal was to develop RepMoves into an independent system with a level of finish 
and fit that would enable the Seniorgamer Alzheimer group to learn how to use it by 
themselves, without my assistance. I did not expect the system to be a perfect fit at the 
first meeting, but I aimed to use the pilot study to adapt and improve the system 
according to the responses of the Seniorgamers.  
 
In the months leading up to the study, I visited the Alzheimer group three times, 
without RepMoves, to talk with the caretakers and senior visitors, to observe and 
understand their regular practices, and find ways to adapt the system to fit in this 
specific context. This fieldwork produced some key insights that influenced how 
RepMoves was adapted and prepared for the study. First of all, the caretakers’ 
facilitating role was critical to the fluid execution of the gaming sessions. They would 
perform all the necessary steps to set up the games, divide the participants into teams, 
call out the name of the next player, and keep track of individual and group scores. 
All the participants had to do was to get up from their chairs when their name was 
called, make one or two throws (depending on whether the first throw was a strike), 
and sit back down again. Similar to the administrator in the first Seniorgamer library 
group, the caretakers expressed frustration with all the choices and steps required to 
set up each bowling game and the redundancy of having to do it all over again for 
each game session. They wanted a game that minimized the non-game related 
interaction. 
 
Second, at the end of each game, individual and group winners were declared. All 
winners received one scratch lottery ticket. The caretakers underlined that the 
participants took the competitive element quite seriously and that this was a 
motivating factor for them. Indeed, we observed friendly taunts and comments 
between groups and players regarding their performance, and they eagerly awaited 
the tallying of the final score at the end. However, winners would usually diminish 
their performance by attributing it to luck, and when asked, several of them 
underlined that neither the prize nor the fact that they won was very important. To 
me, the seniors seemed to enjoy the social interaction that the game facilitated. Similar 
to the other Seniorgamer group, they would cheer when someone did well and 
expressed sympathy when he or she did not. Turns were quick and did not demand 
much effort from the participants. Indeed, participants sometimes dozed off in the 
chair for a few minutes while awaiting their turn. Nevertheless, they took the game 
seriously. I played three games with the seniors and was summarily beaten by all but 
one of them.  
 
Heeding the caretakers’ requests to minimize setup steps and non-game related 
interaction, I designed and built a physical console system with RFID-based tokens to 
select music and video for each session. The console and tokens were created by laser-
cutting plywood and assembling a box that could contain a Mac Mini (on which 
RepMoves was installed), two RFID readers, and an Arduino Nano microcontroller 
(see Figure 8). The top lid of the box had two slots where song and video tokens with 
RFID tags could be inserted to be read by the RFID readers (see Figure 9). The music 
tokens were labeled with the song title, artist, and duration of the song (which defined 
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the length of one session). They were also color-coded into three tempo categories 
(slow, medium, and fast), according to the original tempo of the song. Video tokens 
were color-coded in red. All wood pieces were sanded and lacquered with a cherry 
finish to give them a beautiful look.  

 
Figure 8. The console was designed to contain a Mac Mini and an Arduino Nano with two RFID 
readers and to allow easy access to connect the Kinect sensor.  
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Figure 9. The token-and-console system. The red tokens are used to select videos. The red, blue, and 
pink tokens select songs (in this case a selection of Elvis Presley songs requested by the Seniorgamer 
caretakers). The color-coding on the song tokens give a general indication of the tempo of the song: 
Blue=slow, yellow=medium, pink=fast. The color codes are matched in the interface for selecting 
movement patterns (Figure 10), thus indicating which movement pattern is best suited for the 
particular song. 

In addition to selecting song and video for the session, the user also had to select which 
movement pattern to use. I considered using tokens for this option as well but decided 
against it because it would result in too many different tokens, which could become 
confusing. In the bowling game that they normally played, the player was required to 
raise his or her hand above the head (as indicated by an on-screen target) in order to 
‘pick up’ a new bowling ball. Similarly, I designed five on-screen targets (circular discs 
with descriptive text, see Figure 10) representing each of the five available movement 
patterns. The on-screen targets were color-coded to indicate which tempo categories 
they were most suitable for. To select a movement pattern, the user had to raise and 
hold one hand over the chosen target for two seconds. As soon as the selection was 
registered, the on-screen interface targets disappeared, and the session started. The 
user could now start performing the selected movement pattern. After four gestures, 
the video and music would start playing in the tempo set by those initial gestures.  
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When the song finished, the video would pause, and movement pattern selection 
interface reappeared. A new user could now either select another song or video by use 
of the tokens or continue using the same song and video as the previous session by 
selecting a movement pattern without changing the tokens. In the latter case, the video 
would continue from where it was paused at the end of the previous session, while the 
music would start at the beginning of the song. Thus, the Seniorgamers could 
cooperate in a relay to complete the virtual walking tour. Each ‘stage’ in the relay 
lasted for the duration of the selected song. The videos lasted 5-45 minutes and would 
loop back and continue from the start when they reached the end. 

 
Figure 10. The RepMoves movement pattern selection interface, from left to right: conductor 
movement pattern (hands moving in parallel from side to side), arm-swing (hands in diagonal motion 
front-to-back), body-sway (head moving from side to side), knee-bend (head moving up and down), 
and knee-lift (alternately lifting one knee while standing on the other foot, i.e., walking in place). The 
user could use either arm to move and position the on-screen hand icon above the chosen movement 
pattern (represented by the circular targets). The colors indicate which song tempo categories the 
movement pattern is best suited for (song token colors in Figure 9).  

The caretakers insisted that it was important to have a competitive element in order 
to motivate the participants to play. Although I could envision ways of creating 
competitive modes of interaction based on RepMoves, I was not fully convinced that 
it was the most appropriate approach to this particular interactive experience. 
Nevertheless, I designed a scoring system that rewarded players for keeping a steady 
and consistent pace. Players were not required to match any particular tempo, but to 
find a tempo that suited them and to maintain that pace as steadily as possible for the 
duration of the song. Thus, the scoring system encouraged the user to find a 
movement flow that the music could adjust to and help maintain. During development 
of RepMoves, I had found that once the novelty factor of actually controlling the 
music through bodily movements wore off, I found pleasure in establishing a stable 
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tempo and ‘getting lost’ in the hypnotic flow of music and movement. The constantly 
progressing videos enhanced this experience.  
 
The next, and last, paper in this thesis, reports from the field study with the 
Seniorgamers, as well as the previous study with the Alzheimer activity group and one 
other case where RepMoves was introduced to a person with Parkinson’s disease. It 
discusses how knowledge was produced in the encounters between a deliberately 
designed research object and specific contexts of use.  

5.5 Paper 5: Knowledge produced through contextual exploration of 
RepMoves  

5.5.1 Reference 

Rosseland, R.B., Culén, A.L., (2016). RepMoves: Stories that a rhythmic interaction 
device for seniors can tell. IADIS International Journal on Computer Science and Information 
Systems 11, 104–118. 

5.5.2 Summary 

Upon receiving a best paper award for the first paper in this thesis (paper 1), we were 
invited to write this paper for the IADIS International Journal on Computer Science 
and Information Systems. This paper describes three cases where different versions of 
RepMoves were used as catalysts for discussion and exploration with participating 
seniors with Alzheimer’s disease (and one person with Parkinson’s disease) in real-
world contexts. The three cases reflect the general evolution of the prototype, from a 
simple open-ended implementation of the basic interactive coupling to a more refined 
artifact that presents a relatively cohesive audiovisual experience. The paper describes 
and discusses the new knowledge gained from these encounters, focusing on the role 
of the prototypes in enabling non-verbal and embodied communication about the 
experience, its underlying idea, and potential future uses of the interactive coupling to 
motivate increased physical activity and social interaction. The main contribution of 
the paper is to discuss how new knowledge and research opportunities emerge in the 
encounter between deliberately designed research prototypes and specific, real-world 
use contexts. 

5.6 Final meeting with the Walkers activity group 

After concluding the study with the Seniorgamers, I did not have time to take the 
project any further. However, I had promised to get back to the Walker group to 
present the prototype once it had been further developed. At this time, over a year 
had passed since we last met, and the system had been significantly improved since 
then. As it happened, when I called, they had recently been talking about my project 
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in the group and were wondering how it was going. They were happy to invite me to 
present the updated version of RepMoves.  
 
At the meeting, there were 14 people present (seven regular group participants 
(seniors), four caretakers, a coordinator for students and research activities at the 
facility, and two researchers who came along to observe and take pictures). Two of the 
senior participants had taken part in the previous study. However, they made no 
indication that they remembered the system, or me.  
 
RepMoves was set up with a projector to display the video on a mobile projector 
screen. After a quick demonstration and explanation, several of the participants and 
caretakers took turns interacting with the system. We used the video of a walk around 
the lake where the group regularly go for walks and organized the activity as a relay: 
Each person using the system continued walking from the point in the video where 
the previous session had finished. The duration of the song determined the duration 
of each session. The rest of the group participated by performing the same movement 
while standing in a half-circle behind the person interacting with the system (Figure 
11). They were smiling and laughing and seemed to enjoy themselves. However, in 
several cases, the system misinterpreted their movements, causing the music to either 
pause or suddenly speed up significantly, which led to laughter and giggling. This has 
been a frequent occurrence when people have tried the system for the first time, and 
it is caused by the fact that they do not understand the limitations of the selected 
movement pattern. When a user moves ‘outside’ the limits of the movement patterns, 
the result is erratic system behavior. Nevertheless, given a little time, people usually 
figure out how to move ‘correctly.’ Some of the users also intentionally sped up and 
slowed down in order to explore how the system responded. Now that I had removed 
the speed-limiting mechanism, the music adapted quickly to these sudden changes in 
movement tempo.  

 
Figure 11. In the last meeting with the Walkers, one person interacted with RepMoves while the rest 
of the group joined in. 

After several sessions, the meeting transitioned into a group discussion about the 
system, the ideas it represented, and potential future uses of the concept in the context 
of elderly care. The caretakers who had seen and tested the previous version were 
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excited about the changes and improvements. They particularly appreciated having a 
selection of videos both from the local area and from far-away places. (In addition to 
the video from the local trail, I also showed the videos from Venice, Italy, and 
Rondane, Norway.) 

One thing I really like is that you have filmed a walk around Semsvannet [the local lake], 
right, and you can use this to trigger memories. At the same time, you can also have the option 
of a video from a place you have not been before, to experience places you have dreamed of 
visiting, but never have. - Caretaker A (my translation). 

The potential is really good. To develop it into a product that is easy to use for us, for 
institutions, for daily activity services. I imagine gyms that have exercise groups for seniors, 
and older adults, and those who have minor challenges with bodily movement. That it would 
have a purpose in such settings. [...] I think it is particularly useful for elderly. Very future-
oriented. - Caretaker A (my translation). 

Another caretaker (Caretaker B) asked whether I had done something to improve the 
sound quality because he thought the music sounded better. I confirmed that I had 
found a better way to implement pitch correction, and he underlined that it was a 
significant improvement in the overall experience. He also speculated whether it was 
better to have two people interacting with the system simultaneously (as we had done 
during the earlier study (paper 4)) because it would be less intimidating than to do it 
alone in front of the others. Caretaker A disagreed, arguing that if the rest of the group 
joined in the activity, it did not make much difference. To me, it suggested a space for 
further exploration. For example, how would the activity be affected if the system was 
able to track all participants, instead of just one or two?  
 
The discussion also touched upon some of the technical shortcomings of the prototype. 
The caretakers asked if it was possible to design the system to automatically detect new 
users, thereby facilitating easy switching of users without having to restart the sensor 
each time. I explained that I had done this manually during the meeting because of 
technical issues related to how the sensor works, but that it would naturally have to be 
addressed and solved if the system was to be developed into a product that they could 
use. Caretaker B also suggested setting a maximum tempo for the music in order to 
keep it from speeding up due to ‘incorrect’ movements by the user. I explained that I 
had implemented such a feature in previous versions (the ‘speed-limiting mechanism’), 
but that I had removed it in this new version because it had caused problems when 
users tried to quickly change the tempo. Nevertheless, I could see that the increased 
responsiveness now made the system respond too fast when the users made erroneous 
movements, which led to confusion. It was clear that this was something that needed 
to be improved if the system was to be developed into a product they could use. 
However, this would have required a larger team of people, which was outside the 
scope of the project. Thus, the discussion finally transitioned into potential avenues 
for developing the system into a product. The caretakers suggested several grants and 
institutions that provide funding for innovation projects aimed at providing welfare 
technology for seniors. Caretaker B mentioned that music and movement-based care 
and therapy, including rhythmic auditory stimulation, is gaining increasing attention 
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in elderly care in Norway. He argued that the RepMoves concept was very relevant 
in this context and that there should be good opportunities to develop the work 
further. He also pointed to Dr. Audun Myskja as a central person in this field and 
suggested that I contact him after finishing my Ph.D. thesis. 
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–––––––––––––––––––––––––––––––––––––––––––––––––– 

6 Reflections and Discussions 

–––––––––––––––––––––––––––––––––––––––––––––––––– 

While researchers spend time designing and planning their research process to concur with 
the established and universal standards of science, designers need to design their process to 
accommodate the specifics and unique conditions of the task at hand.  

 Erik Stolterman [105, p. 62] 

A need exists for more examples where the intentional choice and use of the RtD approach as 
a methodology and process is both described and critically examined.  

John Zimmerman, Erik Stolterman & Jodi Forlizzi [106, p. 317] 

The overarching contribution of this thesis is to describe and document the approach 
taken in one specific RtD project, and to discuss how, and what kind of knowledge 
was produced in the process.  
 
Chapter 5 described the main activities and lines of inquiry of the RepMoves project. 
The approach was, first and foremost, guided by the central idea represented by the 
conductor concept. However, it was also informed by a diverse range of existing 
knowledge within interaction design research, as well as other research fields relevant 
to the inquiry. Throughout the RepMoves project, I have found that engaging with 
existing knowledge and theories have helped me reflect on my design intentions and 
activities, and their outcomes. Conversely, I have also found that the practical process 
of sketching, constructing, designing, and making prototypes have helped me reflect 
on the literature I have engaged with, and its relevance to the inquiry. Thus, by going 
back and forth between doing design and engaging with existing research, both 
design/making and literature studies were used as complementary approaches for 
thinking about and exploring the central theme of the project. 
 
In this chapter, I discuss the contributions of the project by reflecting on how the 
activities described in chapter 5 relate to existing knowledge within interaction design 
research. In terms of Fällman’s [96] interaction design research triangle, this chapter 
connects my design explorations and design practice with my design studies. The chapter is 
organized and framed by the four research questions presented in chapter 1. However, 
as a reflection of the open and dialectic exchange between doing design and engaging 
with literature, the questions are not discussed in terms of any overarching theoretical 
framework. Instead, similar to the quotes at the start of this section, the discussions 
draw on a series of quotes from the literature I engaged with, enabling me to selectively 
discuss and reflect on different aspects of the process. Thus, the quotes are used as 
annotations to frame and illustrate particular subjects for discussion. However, the  
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discussions are primarily focused on the activities and outcomes of the RepMoves 
project, not the quote or theory itself. 
 
In various ways, the following discussions refer to activities and findings from all the 
five included research papers. Accordingly, the reader is advised to consult these 
papers before proceeding.  
 
Figures 12 and 13 (pp.70-71) present a visual overview of the main activities, 
trajectories, and lines of inquiry of the RepMoves project, as described in chapter 5. 
The overview visualizes how the work of designing and constructing the prototype in 
the lab connects with the different field explorations and studies with Alzheimer 
patients and is divided into two figures. The first five lines of inquiry (red, blue, orange, 
purple, and brown) illustrate the different focuses of the process of designing and 
exploring the prototype in the lab. The green line of inquiry represents the different 
field excursions, with section references below, indicating where in chapter 5 the field 
excursions are described. Each ‘diamond’ represents an activity or specific focus of the 
line of inquiry in question. Figure 12 represents the first part of the process. It also 
places the literature references of this thesis on the timeline to give a rough overview 
of how my design studies evolved in parallel with my design explorations. Figure 13 
continues from where Figure 12 ends and coincides with the increasing focus on 
adapting and designing RepMoves to be used in activity groups for Alzheimer 
patients. Accordingly, the lower part of Figure 13 switches from design studies to 
design practice and presents insights and outcomes from the two studies with the 
Walkers and Seniorgamers, as well as the final meeting with the Walkers. Finally, both 
figures indicate how the different activities relate to the three first research questions 
(shaded area). The fourth research question is not represented in the figure because it 
relates to the entire process. 

6.1 RQ1: How can prototyping be used to build a material and 
experiential understanding of tempo as an interactive coupling 
between music and movement? 

Paper 3 describes and documents the details of how I sketched and prototyped the 
conceptual idea using Max and Kinect as prototyping tools. It discusses how different 
kinds of simple movement patterns were designed, and how central issues related to 
pitch correction and stability/responsiveness were addressed to achieve the desired 
experience. Here, I discuss how the process established and iteratively reframed the 
design space by exploring configurations of digital materials and the resulting 
interactive experience. 

6.1.1 Nascent theory 

Nascent theory generally emerges from more exploratory work (generally qualitative), where 
the important relationships between phenomena are unknown and therefore difficult to focus 
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on. Nascent theory often works as a proposition of a new area that needs more of a discovery 
approach in order to surface what the important relationships between phenomena might be. 
[106, p. 312] 

The RepMoves project revolved around exploring and understanding the important 
relationships between human movement, digital and interactive technology, and 
music, that are relevant to the design of a relatively new and different interactive 
concept: the conductor concept. Although the concept has a relatively narrow and 
specific application domain, the nuances and complexities of the envisioned 
experience are prohibitively difficult to grasp and understand on an intellectual level. 
Accordingly, this project approached the ‘nascent theory’ of the conductor concept 
through a qualitative, hands-on exploration of the material and sensual interrelations 
specified by the concept. However, the work presented in this thesis is not sufficient to 
elevate the conductor concept to the status of more established theories and concepts. 
It remains a nascent theory that needs more work to claim its rightful place in the 
canon of interaction design theory and practice. 

6.1.2 Design tools 

[T]ools and methods that create predefined ways of approaching reality are not helpful in 
design. [105, p. 61]  

[W]e note how design practitioners have working toolkits and repertoires of solutions they 
carry from one design problem to another. [118, p. 34] 

In a previous project [182], I used a combination of Max and Kinect to design 
movement-based interaction with sound and music. The experiences from this project 
informed my thinking regarding the potentials of the conductor concept, and it was 
natural for me to start tinkering with these tools to explore the emerging idea. In fact, 
there is a high probability that I would not even have considered pursuing the idea 
without my knowledge of these tools. They helped me envision how the concept could 
be technically realized. This tinkering eventually led to the construction of the first 
functional, ‘proof-of-concept’ prototype. Here, I reflect on the suitability of these tools 
for sketching and exploring the conductor concept.  

Max  
Max is a comprehensive and very versatile development environment designed 
specifically for audiovisual and interactive programming. It implements a visual 
programming language of computational objects that can be interconnected to create 
complex multimedia programs (called ‘patches’). It is a self-contained tool in the sense 
that it does not require installation of additional components and libraries from third 
parties. As such, it is a very stable and bug-free environment that can be installed and 
used ‘directly out of the box.’ Furthermore, it also comes with comprehensive tutorials 
and documentation resources. The documentation provides working code examples 
that are designed to demonstrate the capabilities of each of the many computational 
objects. The tutorials give more complex and comprehensive examples of how the 
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computational objects can be interconnected to create functional programs (e.g., FM 
synthesizers, audio mixers, MIDI instruments and sequencers, and much more). The 
tutorials start with very basic and simple examples, and progresses thematically into 
more complex topics, accompanied by well-written textual explanations. Both the 
tutorials and the documentation are searchable, making them easily accessible and 
valuable resources during development. In addition, Max is widely used by musicians, 
artists, performers, designers, researchers, and others, and there is a thriving online 
community of people willing to provide guidance and help. 
 
One peculiar and notably useful advantage of Max compared to other text-based 
programming languages is that Max patches can be edited and manipulated while 
they are running. It does not require compiling or any form of pre-processing. Also, 
many of the computational objects visually indicate their state, thereby making it 
possible to visually inspect how incoming signals (i.e., from the Kinect sensor) 
propagate through the different interconnected objects. This combination of a fully 
editable code that can be constructed to visually indicate how it responds to 
continuous and dynamic input signals is a very powerful feature for sketching, 
exploring, and debugging time-based interactions.  

 
Figure 12. A Max patch that detects switches in movement direction of each hand. The tracking data 
from the sensor travels vertically through the interconnected elements from top to bottom. The left 
column tracks the left hand, and the right column tracks the right hand (see comments to the right). 
Note how I have inserted objects to display data at three different stages, enabling visual inspection 
of the signal state.  
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However, Max also has some limitations that eventually became challenging for me 
as the complexity of the prototype increased. Despite being made up of a vast library 
of computational objects, Max is not an object-oriented language. Hence, it does not 
work with classes, methods, inheritance, and other object-oriented programming 
concepts that are very useful when the complexity of the code increases. It is still 
possible to build very advanced functionality and applications, but the code can 
become very messy and hard to manage and decipher if it is not properly structured 
and managed. As described in section 5.4.2, the Max-based prototype eventually 
became too complex for me to manage and develop further. It also started showing 
signs of performance problems that were most likely a result of my inability to manage 
the increasing complexity. This eventually led me to rebuild the prototype in 
openFrameworks. (Note: This is not a complete representation of Max. More info can 
be found here: www.cycling74.com.) 

Kinect 
The Microsoft Kinect sensor was also an obvious choice for me to use for prototyping. 
It allows continuous, ‘full-body’ motion tracking (15 different points on the human 
body from head to foot) in 3D space. In paper 3, I give a detailed description of the 
capabilities of the Kinect sensor and how it was used to capture various repetitive 
movement patterns. Here, I give some additional reflections on the strengths and 
weaknesses of the sensor for the purposes of this project. 
 
When starting the sketching process, it was clear to me that the Kinect was the most 
flexible, versatile, and suitable sensor platform to start the exploration process. 
Disregarding elaborate and expensive motion capturing systems, the only other real 
options I could find were either Arduino-based inertial measurement unit (IMU) 
sensors (i.e., various combinations of accelerometers, gyroscopes, and 
magnetometers), or possibly the Nintendo Wii gaming console. However, none of 
these provide the same versatility, flexibility, and whole-body tracking that the Kinect 
offers. Furthermore, the Kinect does not require the user to hold or wear any device 
or controller, which I considered an advantage for exploring different ways of moving. 
Finally, it can track the movements of multiple people (up to four) as long as they are 
within its field of view. 
 
However, the Kinect sensor also has its limitations. Most importantly, it establishes a 
certain perspective from which it ‘sees’ the user’s movements, and unless the user is 
facing in the direction intended by the designer, the Kinect will not correctly capture 
users’ movements. In this regard, a battery-powered Arduino/IMU-based sensor 
solution might have provided more freedom for the user to roam around and turn in 
different directions. Also, the Kinect cannot see through bodies and objects, and any 
part of the body that is not in direct line of view from the sensor cannot be tracked. 
This further limit the types of movements it can capture. It is also sensitive to bright 
light and reflective surfaces, which can severely reduce its tracking accuracy. Finally, 
the sensor requires an open space of approximately 4x4m within which users can 
move. Thus, the sensor puts some restrictions on the kinds of environments it can be 
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used in. Nevertheless, for prototyping full-body movements in a controlled lab setting, 
the Kinect was clearly the most versatile and cost-effective choice. 

6.1.3 Interesting dynamic gestalts 

With the proliferation of sensors and actuators and increased computing capacity in our 
mobile phones and other artifacts, bodily gestures and interactions are enabled. However, it 
is not yet clear which gestures, movements, or other forms of interactions that elicit interesting 
dynamic gestalts, engaging users in particular behaviors, and that can generate more than one 
specific instance. [98, p. 14] 

Informed by the potentials of the Kinect sensor for capturing a wide variety of full-
body movements, and the extensive sound processing abilities of Max, it became 
increasingly clear to me that the conductor concept could potentially be designed to 
produce an interesting and engaging interactive experience, or dynamic gestalt. I 
speculated on how the dynamically changing tempo of the music could potentially 
draw the user into an embodied and reciprocal dialog with the music. By this, I mean 
that the changes in music tempo would be perceived as a direct result of individual 
movements, thereby turning the attention of the user inwards on the felt 
correspondence between the movement performance and rhythms of the music. Thus, 
the music would function as an ongoing, real-time feedback mechanism for the 
movement performance, as well as a guide for upcoming movements. Furthermore, I 
speculated that such an interactive gestalt could be used to engage senior citizens (as 
well as anyone else) in repetitive movement activities in a way that is meaningful and 
enjoyable. 
 
However, no amount of thinking or theorizing about the idea would generate any real 
knowledge about the interactive experience, or how the interactive coupling could be 
designed to create the desired effect. To explore and understand the important 
relationships between movement and music that would create the desired 
effect/experience, it was necessary to have a working system to interact with and 
experience first-hand. 

6.1.4 Creating a design world 

The design situation is a material one, apprehended, in part, through active, sensory 
appreciation. This is true both when the designer is on site and when he or she operates in 
the virtual world of a sketch pad, scale model, or computer screen. Through active sensory 
appreciation of actual and virtual worlds […], the designer constructs and reconstructs the 
objects and relations with which he deals, determining “what is there” for the purposes of 
design, thereby creating a “design world” in which he functions. [125, p. 4] 

In section 2.2.2, I delineate a design space in which the conductor concept is used in 
an interactive system aiming to promote and improve seniors’ motivation to engage 
in repetitive physical activity. The main focus of the RepMoves project was to explore 
this design space. The goal was to:  
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• determine the principal components and relations between them that 
contribute to shape the perceived interactive coupling between movement and 
music 

• understand the potential for the concept to be used with diverse movement 
activities  

• explore and understand how senior citizens respond to and reflect on the 
experience of music that automatically synchronizes to the tempo of their 
movements 

• explore and understand how an artifact based on the conductor concept could 
be designed, and meaningfully used, in at least one specific context 

 
Through the many activities and interrelated lines of inquiry, I have shed light on and 
contributed to delineating this design space further. I have established a particular and 
idiosyncratic ‘design world’ that matches my research interests and knowledge, as well 
as my professional competences as an interaction designer, sound engineer, and 
maker/developer. Through a constant back-and-forth between sketching and 
constructing interactive relations, and engaging in active, sensual exploration of the 
resulting experience, I have contributed to clarifying ‘what is there’ (in the design 
space) for the purposes of design. Yet, the work presented in this thesis is by no means 
a complete resolution and clarification of the design space. On the contrary, the work 
has contributed to identify and open up a variety of new possibilities for further 
research and design.  

6.1.5 Design as a way of thinking and knowing 

It has been argued that design constitutes a particular paradigm of inquiry, and that a 
researcher’s engagement in a design process can therefore bring about distinct ways of 
knowing. [118, p. 34] 

RtD has the intrinsic ability of bringing many ideas together through the process of 
composition and integration which are core activities in a designerly approach. [106, p. 317] 

[A] successful RtD object might be understood as an object that help us work through and 
clarify a given puzzling problem space, not to resolve it into dogmatic theory, but rather to 
clarify its complex particularities. [142, p. 2096] 

The artefacts proved to be much more than end-results of a thought process: in their 
intermediate stages they were catalysts of thought, transformers of theory as well as contextual 
probes. [143, p. 331] 

As I have hopefully conveyed in chapter 5 and illustrated in Figures 12 and 13, I 
pursued a number of different lines of inquiry to explore and better understand the 
potentials of the conductor concept. Here, I reflect on the practical, hands-on work in 
the lab to sketch and prototype various features and functionality to explore and think 
through different ideas. This discussion mainly covers the first (top) five lines of inquiry 
illustrated in Figures 12 and 13: Interactive coupling, visuals, multiple users, input 
devices, and data logging. 
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Interactive coupling (red line of inquiry) 
The core theme of this project was the idea that tempo can be used as an interactive 
coupling between movement and music. The red line of inquiry in Figures 12 and 13 
illustrates how my focus and approach to this theme shifted throughout the project. It 
starts with a basic focus on understanding and clarifying the particularities of the idea 
by developing different movement patterns; tuning and improving to find a good 
balance between stability, responsiveness, and variable pitch, and; eventually finding 
a way to implement pitch correction. This work continued throughout the rest of the 
project and is covered in detail in paper 3. In addition, the prototype was modified 
and adapted in different ways to be used and presented in various contexts, and those 
modifications influenced the trajectory of the project. I discuss my explorations of 
responsiveness, stability, and pitch correction under the separate heading Embodied 
exploration of the interactive coupling (below). Here, I reflect on how my understanding of 
the core interactive coupling developed throughout the process.  
 
The interactive coupling was originally conceived of as a generic interactive principle 
that could be used to synchronize music to a variety of movement activities, and the 
sketching process started with this in mind. The first ‘conductor’ movement pattern 
was chosen as an initial movement pattern ‘prototype’ or template to be used during 
the sketching process. Once the basic interactive coupling worked, I started exploring 
and developing other movement patterns. All in all, I developed and explored close to 
ten specific movement patterns, some in more detail than others. However, as 
described in section 5.4.2 (under the heading Deconstructing movement patterns) I 
eventually realized that I was reusing the same piece of code to construct new 
movement patterns, but with specific variations. The variations differed in terms of 
which part of the body it tracked, and in which dimension to track the movement. In 
addition, some movement patterns only tracked a single point on the body, while 
others tracked the combined tempo of two body parts moving in relation to each other. 
In the latter case, two body parts (mainly hands, but also elbows, shoulders, hips, 
knees, and even feet) could be tracked in parallel, or in opposite directions. 
Accordingly, I stopped designing specific movement patterns and, instead, 
constructed an interface that enabled independent selection of these variations. The 
switching was done manually by pressing buttons on the computer keyboard. 
However, it opened up for thinking about how the system could be designed to detect 
and switch between different movement patterns dynamically, thereby allowing the 
user more creative freedom to switch seamlessly between different ways of moving in 
response to the music. 
 
I had the opportunity to test this idea informally through an ad-hoc Wizard-of-Oz 
tests. One of the later and more complete versions of RepMoves was exhibited at Oslo 
Maker Festival 2016, where visitors of all ages tried the system. In one case, a six to 
eight years old boy became quite engaged in the experience. He moved his arms quite 
forcefully in different directions, which only partially corresponded to the selected 
‘movement pattern’ (diagonal arm-swings from front to back). This caused the system 
to respond somewhat erratically by speeding up and slowing down the music. 
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However, I observed that his head moved relatively consistently from side to side, and 
without telling him, I adjusted the system to track his head along the horizontal axis 
instead. This enabled the system to more consistently capture his core movement 
tempo, and thereby, to better synchronize the music to his movements. There were a 
few other cases where I was similarly able to adjust the tracking method to suit the 
idiosyncratic movements of the visitors.  
 
Recently, research in artificial intelligence and machine learning has made significant 
progress and is already changing the way we design interfaces and interactions with 
technology (e.g., autonomous vehicles, voice assistants). I believe that it is feasible to 
employ artificial intelligence and machine learning to discriminate between different 
bodily movements automatically, and to detect the fundamental tempo in a full-body 
movement performance. Specifically, the open source machine learning tool The 
Wekinator [183] can be ‘taught’ to detect and discriminate between different gestures 
and movements. It takes OSC (Open Sound Control) data streams as input, and it 
would be easy to ‘feed’ movement data from RepMoves into the Wekinator using 
OSC. Thus, I believe it is possible to teach the Wekinator how movement input affects 
and controls the music tempo in RepMoves and use it to improve and refine the 
interactive coupling over time. Unfortunately, I did not have time to pursue this idea 
further, but I think it is a compelling topic to explore in future work. Next, I return to 
the early stages of the project to discuss another line of inquiry: visual feedback. 

Visuals (blue line of inquiry) 
Once I had explored and developed the first five movement patterns, I had developed 
an initial appreciation for how the interactive coupling could be adapted to different 
movement activities. I felt relatively confident that these movement patterns provided 
sufficient variation and worked well enough to allow for contextual testing and 
exploration at my first meeting with the Seniorgamers (section 5.2.2). However, at this 
stage, the system had a delayed response to movement input and would slowly and 
gradually adjust the tempo of the music to match users’ movements. From my own 
experience, I knew that the delayed response to changes in movement tempo 
produced a perceived disconnect between movement and music. This disconnect 
would often lead me to make larger changes in movement tempo to ‘speed up’ the 
tempo transition. Although this produced a quicker transition towards the new 
(intended) tempo, it would just as quickly go beyond this tempo and continue towards 
the faster tempo that I had actually indicated by my movements. In response to this 
‘overshooting’ of the intended target tempo, I would intuitively slow down my 
movements again to ‘pull’ the music tempo back down towards the intended tempo. 
However, due to the delayed response of the system, these slower compensatory 
movements would similarly produce a slower music tempo than intended. This caused 
the music tempo to oscillate (slowly) up and down, making it difficult to level off and 
establish a stable tempo.  
 
I speculated that this could potentially make it difficult for the Seniorgamers to 
understand how their movements affected the music. In an attempt to make this 
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comprehension easier, I explored a few simple ways to visualize the ‘current’ tempo 
of the music. I speculated that a simple visual indicator could provide another mode 
of feedback that could help communicate how users’ movements affected the music. 
Through trial and error, I explored a few possibilities, and eventually landed on a 
simple visualization of a white box on a black background that would glide 
horizontally back and forth in the current tempo of the music. Thus, the white box 
‘embodied’ the music tempo directly in its movement, rather than representing it as a 
numerical BPM value. I reasoned that this ‘embodied’ representation of music tempo 
would be more inherently meaningful to our moving bodies than a numerical 
representation. To a certain extent, this proved to be true. The box gave an 
instantaneous representation of the music tempo that made sense as a guide to my 
repetitive movements. However, because it was designed as a visual aid and did not 
actually solve the latency problems, it also suffered from the delayed response and did 
not help me predict and control the music tempo. In fact, in some ways, it increased 
the cognitive load as it interfered with my focus on the musical beat. Nevertheless, I 
showed this feature at the meeting with the Seniorgamers, and some of them used it 
during interaction. Their feedback confirmed my experience that it did work as a 
movement guide, to some extent, but that it drew their attention away from the music 
and increased the cognitive load of having to reconcile both the visual and auditory 
stimuli with the proprioceptive sense of movement. Consequently, I did not proceed 
with this idea.  
 
As a side-note, I would like to point out that the above example is a good illustration 
of Don Ihde’s distinction between embodied and hermeneutic human-technology 
relations (see section 2.3). On a bodily level, the movement of the white box is 
inherently more meaningful than a numerical bpm (beats per minute) value. It is an 
‘embodied’ representation that directly, in real time, communicates the music tempo 
in a 1:1 relation to the user's movements. A numerical value simply cannot 
communicate this relationship in the same direct and visceral way. Rather, it requires 
cognitive interpretation to understand how it relates to the user’s movements, and as 
such, it forms a hermeneutic human-technology relation. However, as indicated in 
section 2.3, all digital technology is fundamentally hermeneutic, and our attempts at 
designing ‘embodied’ relations will only ever be interpretive approximations of the 
‘real thing.’ This was very evident in the way the white box interfered with the focus 
on the music: It was obviously not a feature of the music itself, but an external 
representation that approximated, but did not perfectly align with the music.  
 
The next time I attempted to explore visual feedback was with the photo slideshow 
constructed for the final session in my study with the Walkers (paper 4 and section 
5.3). This feature was actually based on suggestions that were made at the first meeting 
with the Seniorgamers. They suggested using beautiful nature photos to complement 
the music and to give something interesting to look at. The process of exploring this 
idea, and expanding it to use first-person video narratives, is described in detail in 
section 5.4, as well as in paper 5. I do not go into further detail on this process here 
but reflect on differences between the three forms of visual feedback in terms of their 
potential to complement and enhance the experience of interacting with RepMoves. 
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The photo slideshow feature was designed to cycle through a series of photos at a rate 
proportional to the user’s movement frequency. I first set the system to switch images 
every ten movements (1:10 ratio), but this felt too long (the durations of individual 
movements were typically in the range of 750-1250 ms). Conversely, changing photos 
each time a movement was completed (1:1) felt rushed. I eventually ended up with a 
1:4 ratio, as this struck a balance between allowing enough time to properly ‘take in’ 
the image while not dwelling so long as to make it boring. This seemed to work quite 
well in the last meeting with the Walkers.  
 
In contrast to my use of the white box to visualize the tempo, the photo slideshow was 
not designed to enhance or visualize the interactive relation between movement and 
music. On the contrary, it was designed to provide a form of visual stimulation that, 
in a varied and aesthetically pleasing way, would allow the eyes and mind of the user 
to drift off into other thoughts. This was informed by my own experiences in the lab. 
I had come to realize that when I tried to be conscious and attentive to the 
correspondence between my movement and the music, it was sometimes difficult to 
find the right movement flow. Put bluntly, my brain seemed to get in the way of the 
body’s ability to flow with the music. Attempts to consciously control the movement 
flow produced irregular movements that would cause unintended oscillations in music 
tempo, which further influenced my conscious movement responses. On the other 
hand, when I managed to ignore the music and let my mind drift off into other 
thoughts, I would achieve a movement flow that was quite effortless and free from 
conscious control. The system ensured that the music synchronized to my tempo 
without me having to pay any attention to it. Accordingly, the intended purpose of the 
slideshow was to provide a rich and varied visual distraction that, by drawing attention 
away from the music, could actually enhance the user’s bodily and sensual connection 
to the music. I do not have specific evidence that the slideshow had this effect on any 
of the Walkers in the last session of the study, but the photo slideshow garnered enough 
excitement from the participants and caretakers to warrant further inquiry. 
 
As described in section 5.4, I eventually decided to design a video feature to replace 
the photo slideshow. It was actually significantly more labor-intensive and time-
consuming to produce photo narratives than video narratives, and I considered video 
narratives to be a more suitable and compelling way of creating a varied and rich 
interactive experience. Furthermore, given that video and audio are both time-based 
media that are recorded and played back at a constant speed, I could also use the 
variable playback speed of the music to control the speed of the video. This established 
a very natural 1:1 relationship between the tempo of the music and the speed of the 
video. Accordingly, any increase in movement tempo was proportionally manifested 
in both music and video. This way, the video feature re-framed the idea from the first 
tempo visualization (white box) that the visual stimuli could serve as a redundant but 
complimentary form of visual feedback on the user’s movement performance. 
However, instead of visualizing the tempo in a literal way, it created a visual narrative 
that was linked to the user’s movements through the tempo of the music. Thus, it drew 
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the user’s attention into the visual narrative while the music withdrew into a pacing 
and supporting background role.  

Multiple users (orange line of inquiry) 
This line of inquiry is addressed below under RQ2. 

Input devices (purple line of inquiry) 
During the first stage of the project, I developed the RepMoves prototype using the 
Kinect sensor. However, the interactive concept was not developed specifically for the 
Kinect, and I worked under the assumption that the Kinect could be replaced by other 
sensors and input devices. Indeed, at various stages of the project, I have had the 
opportunity to try a few other input devices. I have found that, as long as the input 
device can produce either a binary or a regularly oscillating signal (with a period of 
~500-3000 ms), RepMoves can adjust the music tempo to the tempo of that signal. 
During development, I created functionality that allowed me to use a button on the 
computer keyboard to tap the tempo instead of getting up to interact the system using 
the Kinect sensor. This was done to speed up the development process as it simplified 
quick testing of small changes to the code. 
 
The first opportunity to try another input device came as a result of my visit at the 
Department of Musicology (section 5.2.5). They had a Myo Gesture Control 
Armband [184] that I was able to test with RepMoves. The Myo is a wireless multi-
sensor armband that uses a 9-axis IMU sensor to capture a wide range of gestures and 
arm movements. I used the orientation signal from the magnetometer to detect the 
orientation of the arm. Thus, I was able to perform and capture some of the same arm 
movements that I had implemented using the Kinect (swinging the arm from side to 
side, up-down, and forward-backward) to control the tempo of the music. It also made 
it possible to roam around and turn in different directions as I was no longer restricted 
by the fixed perspective of the Kinect sensor. This could open up for more unrestricted 
ways of moving and could potentially make it possible to control the tempo of the 
music through dance. Unfortunately, I did not have much time with the device and 
did not explore it extensively, but it helped confirm my assumption that the RepMoves 
system could work with other gesture and movement-based interfaces. 
 
I also used the Arduino microcontroller platform with RepMoves on two different 
occasions. As described in section 5.2.7, my visit at the stroke rehabilitation research 
lab in New York confirmed that RepMoves could, without any modification (apart 
from setting up Max for serial communication with the Arduino) use the raw analog 
signal from a simple rotary encoder to control the tempo of the music. In addition, a 
group of undergraduate students used RepMoves in a student project. They contacted 
a local bicycle-themed coffee shop and organized an event where they used an old 
bicycle mounted on a stationary roller system to control the tempo of the music played 
in the coffee shop. They used an Arduino and a simple hall sensor mounted on the 
pedals to detect the pedaling frequency.  
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In the end, I have successfully used Kinect, Myo, Arduino (with both rotary encoder 
and hall sensor), and a simple computer keyboard button as input for RepMoves. 
These have not been extensive explorations, nor have they led to particularly 
profound insights. Nevertheless, they have been useful confirmations for me that the 
system can be easily adapted to a wide range of input devices. 

Data logging (gold line of inquiry) 
My first venture into collecting data on user performance was in an attempt to prepare 
RepMoves for the study with the stroke rehabilitation device. As the intention was 
that the researchers in New York would conduct the study without me, it was 
important for me to gather as much data from the sessions as possible. I spent a 
significant amount of time to construct functionality in Max that stored all user input 
values (duration of each gesture in milliseconds) in sequential order, but this stretched 
the limits of my knowledge and capabilities with Max. Nevertheless, this functionality 
was eventually used to collect data in the subsequent study with the Walkers. The data 
recorded during these sessions proved to be quite valuable to analyze and compare 
individual performances against each other and to reflect on how the data 
corresponded with my observations during the sessions.  
 
As I rebuilt the prototype in openFrameworks, I also made sure to design functionality 
for data logging. This was significantly easier to set up using openFrameworks. It also 
allowed high-frequency sampling and timestamping of data points with millisecond 
precision, which made it possible to detect minute variations in the duration of 
individual movements, and to see how variations in movement influenced the system 
over time (see Table 1 for a presentation of sample data recorded by RepMoves). 
When a session finished, the system saved a text file with all the collected data, making 
it easy to import into Excel for further scrutiny and analysis. By exploring data from 
my own sessions, I began to appreciate its potential use in a wide variety of controlled 
experiments and long-term field trials. RepMoves is capable of producing consistent 
and highly accurate data for statistical analysis, making it possible to scientifically 
investigate a wide range of topics and hypotheses related to the conductor concept. In 
fact, this represents a potentially meaningful intersection between the aesthetic 
accountability of design and the epistemological accountability of science. Combined 
with other data collection methods (e.g., interviews, observations, video recording, and 
physical and cognitive tests), the data could be used to investigate questions such as: 
how do we respond and move to different genres of music or even individual songs?; 
how does the existence or lack of a clear beat in the music affect our ability to 
synchronize with the dynamically adapting music tempo?; how do different movement 
patterns influence our interaction with the music?; how do interaction style and use 
patterns develop over time?; how does a deteriorating health condition (e.g., 
Parkinson, Alzheimer) manifest itself in subjects’ ability to interact with the music over 
time?; can trends in the data provide early signs of an emerging or developing health 
risk/condition?; how do various forms of visual stimuli interfere with our ability to 
move to the music?; what is the exercise effect of long-term use?; how does the 
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responsiveness and stability of the system affect our ability to flow with the music? 
These are all questions that I would like, but did not have time, to explore in more 
detail. Nevertheless, the work presented in this project lays the foundations for 
potential future work to investigate these questions. 

Table 1. Sample data recorded by RepMoves. See below for an explanation of the data. 

 
Gesture no. 

n 
Gesture period (ms) 

𝑋" 
Beat period (ms) 
(∑ 𝑖)/4"

)*"+,  

Score 
(movement/beat 

accuracy) 
0 < x ≤ 1 

1 600.061 0 0 
2 859.909 0 0 
3 640.013 0 0 
4 839.975 0 0 
5 1060.46 734.99 0.693 
6 858.895 850.088 0.990 
7 1061.09 849.835 0.751 
8 819.787 955.104 0.858 

9 920.789 950.057 0.969 
10 1099.48 915.14 0.799 
11 1080.16 975.285 0.892 
12 819.872 980.052 0.837 
13 1040.06 980.073 0.939 
14 679.858 1009.89 0.673 
15 860.11 904.987 0.950 
16 1021.07 849.976 0.799 
17 878.86 900.276 0.976 

18 440.98 859.975 0.513 
19 440.919 800.255 0.551 
20 439.991 695.458 0.633 
21 438.843 550.188 0.798 
22 420.187 440.183 0.955 
23 440.154 434.985 0.988 
24 460.323 434.794 0.941 
25 419.468 439.877 0.954 
26 420.324 435.033 0.966 

27 440.406 435.067 0.988 
28 419.46 435.13 0.964 
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29 439.727 424.914 0.965 
30 400.476 429.979 0.931 

Interpreting session data 
The data in Table 1 was recorded while using the conductor movement pattern to 
interact with the song The Devil and Midnight by Nithin Sawhney. It was recorded with 
a beat period of approximately 492 ms, but RepMoves was set up to synchronize one 
movement to every other musical beat (i.e., a movement period of 2 x 492 = 984 ms). 
The first column represents the sequential order of individual gestures. The second 
column lists the duration of each gesture (in milliseconds, with 1/1000 ms precision). 
The third column lists the ‘instant’ beat period of the dynamically changing music 
tempo at the time when the new gesture was completed. The beat period represents 
the average duration of the four previous gestures. The fourth column gives the 
incremental score value awarded for each gesture, which is calculated by dividing the 
lower of the two other values by the higher value (e.g. gesture 5: 734.99 / 1060.46 = 
0.693). Thus, the score value is a normalized expression of how well the movement 
tempo and music tempo are matched. A score of 1.0 represents perfect sync, while a 
lesser value indicates a proportional mismatch between movement and music tempos. 
The data shows that:  
 

• the system used the four first gestures to determine the appropriate tempo to 
start the music in; 

• the movement tempo slows down once the music starts. Note how gestures 1 
and 3 (movement to the left) are quicker than gestures 2 and 4 (movement to 
the right), but once the music starts the leftward movements slow down by 
~400 ms while the rightward movements retain the duration of the previous 
gestures (~850 ms) until gesture 9. 

• gestures 5 to 17 fluctuated by a few hundred milliseconds but revolved around 
or below 1s. This produced a relatively stable music tempo very close to the 
original beat period (984 ms);  

• at gesture 18, the movement tempo more than doubled and remained quite 
steady at 400-450 ms. This caused the music tempo to increase gradually 
during the next four gestures (~1700 ms), before re-establishing and 
maintaining relatively good sync from gesture 22. 

 
Next, I discuss how varying degrees of latency affected the experience of interacting 
with the system. 

Embodied exploration of the interactive coupling 

If one truly likes to design for movement-based interaction, one has to be an expert in 
movement, not just theoretically, by imagination or on paper, but by doing and experiencing 
while designing. [68, p. 677]  
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The feel dimension of technology interactions is [the] process of using our kinesthetic and 
haptic senses when incorporating a tool into our bodily space, so that it becomes an extension 
of our bodies. [70, p. 4] 

Designing for the feel dimension is inherently ambiguous; people have different potential for 
action as different bodies have different movement possibilities. However, an awareness of 
this diversity opens up a design space where we can think in terms of giving bodies inviting 
movement problems to solve or explore, in order that people can achieve what they wish with 
the technology. [70, p. 7] 

When we move freely (e.g. dance) we can feel only our own movement possibilities. When 
we move in relation to a thing (e.g. play an instrument) we can feel properties of the body-
thing couple, we can also feel properties belonging to the thing, as well as our own movement 
possibilities. [70, p. 5] 

Somatic awareness, or the awareness of the body from the inside, is one of the primary 
components of movement experience. Yet, little is known about the role that movement plays 
in the construction of user experience. [185, p. 1029] 

As I have pointed out numerous times, the design process involved a constant back 
and forth between making changes to the prototype and actively interacting with it to 
experience and feel the effects of those changes. This dialectic process made it possible 
to incrementally explore and evaluate different design choices and led to numerous 
insights and new ideas. Thus, the design process progressed, or drifted, through a 
series of stages and lines of inquiry, guided by my own judgments about what works 
and what feels good. It was a process of reflection-in-action [112], where the prototype 
evolved in parallel with my understanding of the material correspondences and 
relationships that shape the interactive experience. Accordingly, I have developed 
nuanced embodied understandings and sensual appreciations for the interactive 
experience. Moreover, as the prototype has evolved through many different stages, 
these embodied understandings are not restricted to the ‘final’ version of the prototype 
but include all the variations and ‘failed’ attempts that were not implemented in the 
final prototype. In this section, I discuss and reflect on a complex and multi-
dimensional issue that I have found to be particularly important and/or interesting 
with regards to the feeling of interacting with the system: Finding a good balance 
between the responsiveness and stability of the system. 
 
As I describe in paper 3 (p. 13), the very first working prototype was designed to 
immediately change the tempo of the music each time a new gesture (conductor 
movement pattern) was completed. This caused sudden ‘jumps’ in music tempo and 
pitch that were not conducive to the intended interactive experience. In terms of the 
four factors that influence how music affects us during exercise (see section 1.1), both 
rhythm response and musicality were negatively affected by the sudden jumps in tempo 
and pitch. The jumps disrupted the temporal structure of the musical rhythms, 
thereby ruining its pacing effect. In addition, the changing pitch distorted the melodic 
and harmonic content of the music. Overall, it was a rather unpleasant experience.  
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Nevertheless, on a basic level, the prototype did seem to do what it was designed to do 
(to change the music tempo to match the movement tempo). It just did it too abruptly 
and without finesse. Paper 3 goes into some detail to describe and discuss how I used 
a combination of (i) calculating the average duration of several (2-6) consecutive 
gesture inputs and (ii) linear interpolation to smooth out the sudden changes in tempo 
and pitch. These are collectively referred to as latency variables because they were 
designed to introduce variable amounts of delay and latency into the interactive 
coupling between movement and music. Paper 3 also describes how I eventually found 
a good way to implement pitch correction, which significantly improved the musicality 
of the experience. Finally, the paper describes how I used a simple moving average 
filter on the input signal from the Kinect to reduce the signal noise, thereby providing 
a cleaner and more stable signal for the rest of the system to process. As a result, I 
could remove/reduce the latency variables to produce a system that responded to 
movement input in (almost) real time. However, before I found a way to implement 
pitch correction, I spent a significant amount of time exploring different settings for 
the latency variables. In the following, I describe how using high or low latency settings 
influenced the interactive experience. 
 
High latency: better pacing effect but slow response  
If both latency variables were set in the higher range, it took the system five to ten 
seconds to transition from one stable movement tempo to another. Thus, the music 
did not immediately respond to a change in movement tempo but would lazily glide 
towards the new tempo. This created a mismatch between the immediacy of the felt 
change in movement tempo and the delayed effect manifested in the music. 
Furthermore, with a latency of five to ten seconds, and a typical gesture period of 750-
1250 ms, there was sufficient time to perform several more gestures before the effects 
of the ‘previous’ gestures would manifest themselves in the music. Accordingly, the 
music tempo would continually readjust to new gesture inputs and was, therefore, in 
constant motion. Even when maintaining a constant movement tempo, marginal 
differences in the duration of consecutive gestures would still cause the system to 
change the music tempo ever so slightly. However, these minute changes in tempo 
were not perceivable as such. Rather, the small change in the playback speed of the 
music caused slight variations in pitch, and this is how I was able to ‘hear’ the change 
in tempo. Once I implemented pitch correction, it became almost impossible to 
perceive small and gradual changes in tempo. As long as I maintained a relatively 
stable movement tempo and did not make sudden changes, the music would reliably 
synchronize to my movements and maintain its original musicality. However, to 
change the tempo, there were two options: I could do it in a gradual way to make sure 
that the music would remain (more or less) in sync with my movement tempo, or, I 
could ‘disconnect’ from the beat of the music and establish and maintain the new 
target tempo for five to ten seconds to allow the music to ‘catch up.’ Making gradual 
changes produced a feeling that I have described as ‘pouring syrup.’ By this, I mean 
that the music seemed to ‘resist’ my gradual tempo changes, but would, nevertheless, 
slowly start adapting. This produced a peculiar ‘restricted’ movement feeling, even 
though there were no physical restrictions. Once the music reached the desired tempo, 
it was relatively easy to readjust the movements to stabilize the tempo again because 
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music and movements were more or less in sync during the transition. On the other 
hand, if I made an abrupt tempo transition, I had to completely ignore the music 
tempo and rely on an internally generated ‘imaginary’ beat to guide further 
movements until the music could catch up. Here, the ‘syrupy’ feeling was replaced by 
what I refer to as a ‘rubber band’ effect where my sudden tempo change produced a 
delayed but accelerating response. (Imagine a small object tied to a rubber band. You 
hold the other end of the rubber band so that the object is hanging straight down, 
tensioning the rubber band but not stretching it. Now, if you quickly move your hand 
upwards, the rubber band will stretch until it has built up enough tension to pull the 
mass of the object upwards, at which point the object will start accelerating upwards. 
If you stop the upwards movement of the hand, the energy stored in the rubber band 
will propel the object past the level of the hand (depending on the force and distance 
of the upward movement of the hand).) Similarly, the music had a delayed but 
accelerating response to sudden tempo transitions, and it would often go beyond the 
new (intended) movement tempo. This elicited an instinctive reaction to move slower 
in order to slow down the music again. Thus, quick transitions in movement tempo 
could easily lead to an oscillating interaction pattern where the delayed response of 
the music would lead to compensatory movements which, in turn, produced new 
delayed responses in the music, leading to further compensatory movements, and so 
on. 
 
Low latency: reduced pacing effect but fast response  
On the other hand, if the latency variables were set to the lowest range (average 
duration of only two gestures and 0-500 ms interpolation time), the system quickly 
updated the music tempo in response to the last gesture before I had time to make a 
new gesture. This obviously made the system much more immediate in its response to 
incremental changes in movement tempo, but it also made it significantly harder to 
maintain a stable music tempo. As it is almost impossible to perform two gestures 
without at least a few milliseconds difference in duration, each new gesture altered the 
temporal occurrence of the next musical beat slightly. For small changes, this was not 
a big problem. However, every so often I would involuntarily make an odd movement 
with a relatively significant difference in duration from the previous gestures. This 
would change the occurrence of the next musical beat quite significantly and, in some 
cases, throw me off my rhythm. Accordingly, I had to be very vigilant with my 
movements and try to anticipate the occurrence of the next beat based on the 
internally perceived duration of the last gesture. 
 
Reflecting on the interrelated issue of responsiveness and stability, and its ‘interaction’ 
with the pitch of the music, it is clear that they are critical aspects of the interactive 
experience. From the beginning of the project, the conductor concept was based on 
the idea that musical rhythms have a pacing effect on human movement. However, 
throughout the project, I have come to realize that my continued pursuit of a more 
responsive system has effectively reduced and almost removed the intended pacing 
effect of the music. In other words, if the music changes tempo faster than the beat 
period of the song (e.g., < ~500 ms), the pacing effect is severely reduced because the 
rhythms become more arbitrary and difficult to predict. It changes the character of 
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the experience and invites more creative and playful movements to effectively 
‘perform’ the music in almost real-time, but it also requires a more controlled and 
skilled performance. On the other hand, some degree of latency is necessary to retain 
the desired pacing effect of the music. More latency makes it easier to maintain a 
steady tempo, but difficult to be creative and playful with one’s movements. Less 
latency makes the system more responsive to sudden changes in movement tempo but 
reduces the pacing effect and makes it more difficult to maintain a steady music tempo. 
As such, it makes sense to use latency as a variable to change the difficulty of the 
system. It can be designed to be user adjustable, thereby enabling the users to tune it 
to fit their skill level and chosen activity, or it can be designed to automatically increase 
the responsiveness/difficulty as the user’s skill level increases.  

6.2 RQ2: How can the RepMoves prototype be designed to facilitate 
interpersonal entrainment between two people (with Alzheimer’s 
disease) engaged in co-located repetitive movement activities? 

This research question reflects my curiosity about how the conductor concept could 
be designed to promote social interaction among senior citizens and is addressed in 
paper 4 (section 5.3). From the very start of the project, I reasoned that the concept 
would have more potential for promoting physical activity if it was used in a social 
setting than if it was used by individuals in isolation. However, for practical reasons, 
it was necessary to start the exploration process by focusing on single-person 
interactions. Nevertheless, as shown in the orange line of inquiry in Figures 12 and 
13, I explored the topic of designing for multiple users at different stages of the project.  

6.2.1 Entrainment and interpersonal synchrony 

In music, synchrony is defined as the period and phase-locking movement patterns or sound 
to an external referent. In other words, it is the capacity to move in time to the next expected 
regular beat from outside, for example, if a person is walking in the street and hears music, 
they will end up moving in step with it. [186, p. 115] 

Entrainment […] means to mutually synchronize to another person, such as two musicians 
playing together or two people walking in step with each other. It has been defined as a 
process whereby two rhythmic processes interact with each other in such a way that they 
adjust towards and eventually ‘lock in’ to a common phase and/or periodicity. [186, pp. 
115–116] 

Himberg points out that we feel good after moving and mutually adapting with another 
person, but not after tapping with a metronome, i.e. positive emotional effects do not come 
from synchronizing with an autonomous artefact. [186, p. 116] 

The first time I briefly explored the potential for the conductor concept to facilitate 
interpersonal entrainment and synchrony was after the two meetings with the 
Seniorgamers and the residents at the independent living facility. I could see from 
these encounters that a system based on the conductor concept would have much 



 90 

larger potential if it made it possible for several people to engage in the same 
interactive experience. Therefore, I constructed a version of the prototype that 
captured the movement tempo of up to four people and calculated the average tempo 
of all users to determine the music tempo. I reasoned that this would produce a 
situation where the music would draw each user towards a shared movement tempo 
(represented by the music), thereby facilitating synchronized group movements at a 
tempo negotiated within the group. Conversely, I also speculated that it could be used 
as a form of competition, or musical ‘tug-of-war,’ where one user tries to slow down 
the music by moving as slow as possible while the other tries to speed it up by moving 
as fast as possible. This could potentially form the basis for a social form of interval 
training where users alternate between the two roles (fast/slow mover). However, this 
line of inquiry of designing for multiple users was significantly more difficult to explore 
by myself in the lab, simply because I did not have other people available to 
continuously test the system as I made changes to the code. Furthermore, when testing 
the system with several people, it proved to be significantly more difficult to 
understand how each user influenced the movement tempo and to determine the 
effect of incremental changes to the code. Also, the basic algorithm for detecting 
movement and translating it into music tempo did not work well enough and 
produced erratic behavior that disturbed the flow of interaction. This problem was 
exacerbated by the fact that the system had a delayed response to movement input 
(due to the previously mentioned latency I had implemented to eliminate sudden 
jumps in tempo). Hence, I decided to refocus on improving and refining the basic 
interactive coupling for a single person before continuing with this line of inquiry. 
 
Another occasion that enabled explorations with multiple users was during my stay in 
New York. At the last day of ITP Camp, all participants were invited to showcase their 
projects in a final show that was open to the public. At this point, I had improved the 
interactive algorithm significantly (i.e., implemented pitch correction, reduced the 
latency of the system, and tuned and improved the code) to the point where the single-
user experience was relatively stable and predictable. Similar to the first attempt at a 
multi-user version, the average tempo of all users was used to calculate the music 
tempo. However, the central challenge of testing the system with multiple users 
remained. Although some fellow ITP Campers provided some assistance, it was 
difficult to test the system properly as I made changes. Nevertheless, I was able to put 
together a system that seemed to work quite well (at least with two people). However, 
due to practical issues regarding the spatial organization of the final show, the 
exhibition space was in a less than optimal space where visitors were continuously 
walking into the field of view of the Kinect sensor. Hence, people in the background 
were unwittingly tracked by the system as active users, thereby influencing the tempo 
of the music in ways that confused users who were actively interacting with it. The 
room was also quite noisy, making it difficult to hear the music properly. Nevertheless, 
there were a few cases where pairs of users were able to stabilize the music tempo by 
moving in synchrony. 
 
In preparation for working with Alzheimer patients in my study with the Walkers, I 
made a new two-player system and tested it with colleagues to ensure that it worked 
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as intended. The details of the study and its findings can be found in paper 4. Most of 
the sessions produced an entrainment effect between pairs of participating seniors. 
There were also instances where participants quickly changed the movement tempo 
in order to change the music tempo, thereby attempting to ‘throw’ the other person 
off their rhythm. To me, this indicated a ludic engagement [187] with the situation. 
They were playful attempt to influence the other person through the system/music, 
and it demonstrated to me that the person not only understood how the system 
worked, but also that s/he saw potentials for creativity and humor in the interactive 
situation. In sum, I can confidently say that the system does facilitate interpersonal 
entrainment and synchrony between two people, and that it opens up a space for social 
and ludic engagement.  

6.3 RQ3: How can RepMoves be optimized with respect to the 
characteristics of a research product (inquiry-driven, finish, fit, 
independent) to support its use in an activity group for Alzheimer 
patients? 

This research question is partially addressed in sections 5.4 and 5.6, as well as in paper 
5, and represents a change of focus for the project. Inspired by the enthusiasm for the 
photo slideshow introduced in the study with the Walkers, the project took a more 
user-centered turn. I wanted to explore how visual narratives could be used to create 
a more engaging and compelling interactive experience that could be meaningfully 
used in the real-world context of an activity group for Alzheimer patients. This work 
led to a complete redesign of the prototype and the subsequent study with the 
Seniorgamer Alzheimer group. The goal was to develop RepMoves into a research 
product that could be deployed in the field for an extended period. The study and its 
outcomes are described and discussed in paper 5. Here, I reflect on how the qualities 
and characteristics of the prototype correspond to the proposed qualities of a research 
product. 

6.3.1 Research product 

[W]e propose the research product as an extension and evolution of the research prototype to 
support investigations into distinct kinds of experiences, encounters, and relationships between 
humans and interactive technology. [181, p. 2549] 

Inquiry driven: a research product aims to drive a research inquiry through the making 
and experience of a design artifact. Research products are designed to ask particular research 
questions about potential alterative futures. In this way, they embody theoretical stances on 
a design issue or set of issues. 

Finish: a research product is designed such that the nature of the engagement that people 
have with it is predicated on what it is as opposed to what it might become. It emphasizes 
the actuality of the design artifact. This quality of finish is bound to the artifact’s resolution 
and clarity in terms of its design and subsequent perception in use. 
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Fit: the aim of a research product is to be lived-with and experienced in an everyday fashion 
over time. Under these conditions, the nuanced dimensions of human experience can emerge. 
In our cases, we leveraged fit to investigate research questions related to human-technology 
relations, everyday practices, and temporality. Fit requires the artifact to balance the delicate 
threshold between being neither too familiar nor too strange. 

Independent: a research product operates effectively when it is freely deployable in the 
field for an extended duration. This means that from technical, material, and design 
perspectives an artifact can be lived with for a long duration in everyday conditions without 
the intervention of a researcher. [181, p. 2551] 

Inquiry driven 
Drawing on diverse insights and suggestions gained through my design explorations, 
design practice, and design studies, both in the lab and in the field, the system was 
becoming an increasingly more refined and specific design proposal, or ultimate 
particular, intended for an increasingly concrete use context. The basic conceptual 
idea could have been developed for many different user groups and use contexts, but 
this project mainly focused on social activity groups for seniors. Accordingly, my study 
with the Seniorgamers (Alzheimer group) was motivated by a desire to see how the 
system would fit/work in such a context, and to investigate emergent use practices 
over time. Indeed, the study produced a number of insights about how the qualities 
and characteristics of the system matched the contextual needs of this activity group, 
and how potential changes could make it a viable system to use. In paper 5 (pp. 114-
115), we present seven annotations (with explanatory texts) describing different aspects 
and characteristics of the system that influenced its potential use in this context: 
invisible barriers; freedom of movement; triggering memories; virtual tourism; people 
are different; single vs. multi-player, and; supervisors’ role. 

Finish 
The system was designed to be a complete and self-contained system that enabled 
continued use from session to session without interruption. The console and tokens 
were sanded and lacquered in a cherry finish to give them a beautiful look and feel. A 
pattern of holes was laser cut into the sides of the console to provide ventilation for the 
computer inside, but also to improve the aesthetics of the box itself. The tokens were 
meticulously decorated and color-coded using a vinyl cutter to cut shapes and letters 
that were carefully applied to each token. When first introduced to the Seniorgamers, 
the console and tokens garnered interest and excitement from several of the 
participants. They commented on the beautiful finish and marveled at the precision 
of the laser cut holes in the console. Furthermore, the pitch-corrected music and the 
videos produced a rich and aesthetically pleasing audiovisual experience. As such, the 
system presented to the Seniorgamers had a high degree of finish, and the nature of 
engagement the participants had with the system was predicated on what it was, not 
what it might become at some point in the future.  
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Fit 
As described in section 5.4.2, the RFID-based token-and-console system was designed 
in response to the caretakers’ requests for an easy-to-use setup interface for configuring 
individual sessions. They also requested a scoring system to retain the competitive 
element of the regular bowling games, thereby making it possible to continue the 
practice of rewarding winners with scratch lottery tickets.  
 
The token-and-console system was used during the study and worked very well. 
However, instead of the participants actually walking over to the console and inserting 
tokens into their designated slots, I performed this action during the sessions to 
facilitate and familiarize the caretakers and participants with this part of the process. 
Based on my observations of their bowling games, I knew that the caretakers 
performed all the necessary steps to set up the games, and although I designed the 
token-and-console interface to be easy enough for the seniors to use, I expected this to 
be a task for the caretakers (at least until the seniors had become experienced enough 
to do this themselves, if they wanted to). Indeed, I found that the caretakers quickly 
understood how it worked from observing how I performed these steps. 
 
The scoring system was designed to award points for keeping a steady movement 
tempo, thereby supporting the intended purpose of the system (to allow users to find 
their preferred movement tempo and to help support and maintain this tempo). 
However, it was mainly designed to meet the caretaker’s request for a competitive 
score element in order to reward winners with scratch lottery tickets. In my opinion, 
this feature was rather uninteresting and somewhat counterproductive to the central 
idea behind the system of promoting intrinsic motivation through aesthetically 
enjoyable interaction with music. To me, there were other aspects of the 
system/experience that were more interesting to explore than the score, and this also 
seemed to be the case with the participants who did not seem very interested in 
focusing on the score. As mentioned in paper 5, the music and videos triggered 
memories and sparked conversations related to those memories, and this was a much 
more interesting topic to focus on than a simple score value.  
 
Finally, as described in paper 5, the individual sessions lasted too long, leaving the rest 
of the group to sit and watch, or even doze off. In contrast to the regular bowling game 
where individual turns lasted for maximum 30-60 seconds, individual sessions with 
RepMoves lasted for two to four minutes, depending on the duration of the selected 
song. Hence, with a group of six to eight people, it took 20-30 minutes before everyone 
in the group had used it once. This was not an ideal player rotation frequency because 
it left the rest of the group waiting too long for their turn. I believe the last meeting 
with the Walkers gave an example of a better way to structure the activity. Instead of 
following the sequential player rotation of the bowling game (Seniorgamers), the entire 
Walkers group was involved in the activity. This produced a better group experience 
where everyone could take part on his or her own terms, and it allowed those who did 
not immediately understand how the system worked to build and develop their skills 
by watching and imitating others. However, as one of the caretakers commented, it 
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would have been nice if users could rotate seamlessly during a session without having 
to restart the Kinect for each new user. (RepMoves was unable to do so due to 
technical issues with the open source drivers for the Kinect, but this is a solvable 
engineering problem.) I agree with the caretaker and think it is a good idea for future 
work to redesign RepMoves to automatically and seamlessly switch between users. 
This would enable the caretakers to organize the activity to fit the group. It might also 
create possibilities for designing more structured game designs where players rotate 
according to a predefined interval sequence. Furthermore, I suggest that the two-
player feature of the RepMoves version used in the earlier Walker study (paper 4) 
should be incorporated into future versions. This may induce more playful behavior, 
and it can facilitate easier player rotation without interrupting the flow of the music 
and video. 

Independent 
The token-and-console interface was designed to make the prototype independent of 
me as a researcher. During previous field tests, I had performed the necessary setup 
steps for each session by adjusting the settings in the code itself. However, this was not 
a feasible alternative if the system was to be used independently of me. Accordingly, 
the main purpose of the token-and-console interface was to enable the caretakers to 
perform these setup steps or to show the seniors how they could do it themselves. As 
mentioned above, the interface worked very well and, judging by the caretakers 
comments, it was clear that they understood how to use it.  
 
However, it was the lack of movement guidance that turned out to be the biggest 
hurdle for the Seniorgamers. In contrast to the study with the Walkers, where pairs of 
seniors joined me in a separate room to test the system, the entire Seniorgamer group 
was present during these sessions. This produced a more dynamic and chaotic 
situation where I had less opportunity to guide and instruct individuals as they initially 
tried to use the system. Some of them moved in ways that conflicted with the selected 
movement pattern, resulting in erratic and confusing responses from the system. In 
some cases, I was able to reconfigure the movement pattern on the fly to match their 
movements, but the switches still caused disruptions in the tempo of the music. 
Nevertheless, the study showed that although the movement patterns were designed 
to accommodate significant variations in how the movements were performed, it was 
difficult for the seniors to understand the limits of the different movement patterns (as 
discussed under the annotation invisible barriers in paper 5). The system lacked a form 
of dynamic feedback to help them intuitively understand how their movements did, 
or did not, correspond to the selected movement pattern. During the process of 
redesigning the prototype, I had explored one possible way of doing so: I revisited the 
music tempo visualization idea I had explored at the start of the project (a white box 
on a black background that moves from side to side, see section 6.1.5 Visuals). 
However, in this case, I used a black circle on a white background to visualize the 
user’s movement rather than the tempo of the music (see Figure 13). The circle moved 
from side to side directly proportional to the user’s movements. I found this simple 
visualization to be a natural and intuitively understandable feedback on my 
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movements. However, I decided not to use this visualization with the Seniorgamers, 
mainly because I did not want to draw the user’s focus away from the video narrative. 
In hindsight, I think this feature should have been included as it would have helped 
guide their movements and facilitated a quicker learning process. Moreover, more 
examples should be developed to provide a selection of different visual guides that 
could be explored by the Seniorgamers.   

 
Figure 13. Six sequential screenshots taken during interaction with RepMoves in the lab. The 
grayscale images on the left (in each image) shows the Kinect’s ‘view’ of me performing the conductor 
movement pattern. The video on the right progresses with a speed proportional to the movement 
tempo. The black circle below the video visualizes the hand movement in real-time.  

In addition, as discussed under the heading Interactive coupling in section 6.1.5, it may 
be possible to draw on developments within artificial intelligence and machine 
learning to design a system that dynamically switches between different movement 
patterns or motion templates in response to changes in user movement. However, I 
did not have time and resources to pursue this idea. 
 
To be clear, I do believe the system could have been used independently by the 
Seniorgamer group if we had spent enough time to explore it and to teach the 
participants and caretakers how to move within the limits of the different movement 
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patterns. We were able to do so with the Walkers, and I see no reason why it should 
not be possible with the Seniorgamers as well. However, this would have demanded a 
higher level of commitment by the caretakers to organize and structure the sessions in 
co-operation with me. Also, and more critically, it would take time away from their 
other activities, which I was not prepared to ask them to do. Ultimately, the system 
did not reach the necessary level of independence to allow it be used by the 
Seniorgamers without a period of practice and skill development.  
 
This examination of how the characteristics of the RepMoves system corresponds to 
the proposed qualities of a successful research product indicates how the system can 
be further optimized to be used in activity groups for Alzheimer patients, such as the 
Seniorgamer group, and outlines opportunities for future research. I find the concept 
of a research product to be a promising and useful extension of the research prototype 
as a method for exploring emergent and situated use practices over time, and to 
generate new ideas and research questions. 

6.4 RQ4: What kind of knowledge is generated in the process of 
designing and exploring a deliberately open and flexible research 
prototype in specific contexts of use? 

6.4.1 Producing knowledge through design 

What can designers claim to know during and after [an RtD] process? Given the indiscipline 
that I argue characterises design processes, productive or not, what can we claim to have 
learned? From a scientific point of view, the answer is “not a lot”. The complex, idiosyncratic 
and interpretative nature of design means that there is little epistemological accountability in 
the results. [101, p. 160] 

RtD must develop protocols, descriptions, and guidelines for its processes, procedures, and 
activities. It is also critical that RtD as an approach becomes more explicit about its purpose 
and about the kinds of problems it can best address over other methods of inquiry. [...] 
[D]esign researchers must better rationalize why a RtD approach is the right approach for 
the problem they face instead of using it simply because they are familiar with it. [106, p. 
317] 

Overall, I suggest that the design research community should be wary of impulses towards 
convergence and standardisation, and instead take pride in its aptitude for exploring and 
speculating, particularising and diversifying, and - especially - its ability to manifest the 
results in the form of new, conceptually rich artefacts. [95, p. 937] 

[W]e feel that the wish for a formalization of the RtD approach and thus the making activity 
currently diminishes the value of the artefact. It is leading to an inevitable separation of 
research question and design question so as to contain the subjective process. This undervalues 
the powerful thought-catalysing capacity of making and the intertwinement of research 
question and design question, and will thus lead to results that are of lesser quality. [143, 
p. 334] 
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Throughout the project, I missed a coherent framework or set of guidelines for how 
to conduct RtD, and how to frame and document the knowledge produced in the 
process. It was challenging to plan, organize, and execute different activities and lines 
of inquiry in a structured and goal-directed way, and it would have been comforting 
to have a formalized approach to follow. On the other hand, I do not see how a 
predefined framework could have guided this inquiry without becoming restrictive. As 
I have hopefully conveyed in this thesis, and illustrated in Figures 12 and 13, the 
project drifted and alternated between different lines of inquiry in an emergent way. 
Serendipitous outcomes and insights from one or several activities generated new 
questions and lines of inquiry. In some cases, these questions were explored right 
away, but in most cases, they were left to linger and mature in the background until 
the project reached a stage where I could see how they could be reasonably addressed 
or explored. I have found that opportunistically alternating between developing and 
engaging with the prototype in the lab; reading and reflecting on a wide variety of 
literature, and; presenting, exposing, testing, and discussing the prototype with a 
variety of informants and stakeholders in the field have helped guide the inquiry, and 
thus, the knowledge produced in the process. Accordingly, the work presented in this 
thesis has produced inter-related knowledge in all three areas of Fällman’s interaction 
design research triangle: design studies, design practice, and design exploration. The 
process was informed by the lab, field, and showroom framework by Koskinen et al. 
[135], but it did not attempt to singularly conform to any specific RtD practice. 
Instead, it was guided and informed by an aesthetic accountability towards the central 
idea represented by the conductor concept, as well as more specific user-oriented and 
contextual concerns.  

6.4.2 Documenting and communicating RtD knowledge 

Artifact as knowledge 

The knowledge contribution of RtD is to offer concrete exemplars of preferred alterity, which 
are generative of further design thinking. [142, p. 2095] 

Since RtD is an inquiry process revolving around the making of a product, service, 
environment, or system, the knowledge gained can be implicit; residing almost entirely within 
the resulting artifact. [106, p. 310] 

[I]n RtD, where knowledge is, at least partially, contained in the artefacts, something is lost 
in the process of writing as it is problematic to adequately describe interaction and experience 
in text; the tacit qualities of the interactive experience are not easily expressed. [143, p. 332] 

We might think of […] hybrids of written publications and design artifacts as concept-
things, as nexuses of verbally articulated concepts and designerly articulated material things. 
Written academic research publications can be understood as one important presentation 
format for a concept-thing. [188, p. 741] 

The knowledge produced in the project is closely linked to, and in many ways 
inscribed into, the final RepMoves artifact. However, it is a gross overstatement to 
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claim that the artifact somehow contains or embodies the totality of knowledge 
produced in the process. The artifact is the result of a specific synthesis of disparate 
insights, understandings, and knowledge that has been filtered through my qualitative 
judgments, as well as my personal skills and abilities as a designer and maker. 
Furthermore, the project has led to many insights that were difficult or impossible to 
adequately implement or express in the artifact. This includes knowledge of diverse 
failed attempts that were explored but which, for various reasons, did not work well 
enough to be implemented in the prototype. For example, as described in paper 3, I 
attempted to design functionality to automatically detect and compensate for ‘double-
moves’ where the user performs the occasional ‘extra’ move at twice the regular tempo 
in response to syncopations and sub-rhythms in the music. In the current version of 
RepMoves, such double-moves invariably leads to an increase in music tempo. In an 
earlier version, I was able to design functionality that correctly detected and ‘ignored’ 
a sudden doubling of the movement tempo, thereby making it possible for the user to 
continue in the new doubled movement tempo without producing a corresponding 
doubling of the music tempo. However, when performing the occasional ‘double-
move’ and immediately returning to the original tempo, the system did not correctly 
identify and ignore it as a ‘double-move.’ Instead, it produced unwanted and 
unpredictable changes in music tempo. Ultimately, this feature involved defining a 
cutoff threshold to discriminate between an intended increase in tempo and a 
temporary ‘double-move,’ and I was unable to find a way to do this without causing 
unintended changes and oscillations in music tempo. Accordingly, the knowledge 
gained from this exploration is not represented in the functionality of RepMoves. 
Furthermore, in addition to the strictly artifact-related knowledge, the process 
produced a wealth of knowledge related to particular user groups and use contexts 
that cannot be adequately represented in the prototype.  
 
I find the notion of concept–things [188] useful for framing and communicating the 
complex and inter-related knowledge produced in the RepMoves project. This thesis 
may be considered a concept–thing that encompasses: the many versions of the 
artifact (which are documented in the code history of the project); four published and 
one submitted research papers that in different ways relate to the trajectory and 
outcome of the project, and this Kappa that ties the different parts together in a more 
complete synthesis of knowledge.  
 
Nevertheless, this thesis still does not encompass or communicate all the ways the 
project can be discussed and conceptualized. I have found that whenever I read 
design-oriented research literature, I engage in an internal dialogue between the 
methods, ideas, and findings presented in the research, and their relation and 
relevance to the RepMoves project. It is encouraging and inspiring to find existing 
research that somehow resonates with my knowledge of the RepMoves project. At the 
same time, it is also interesting to reflect on how and why the research in question 
conflicts or diverges from the knowledge gained in this project, which it invariably 
does. Moreover, it is often in this tension or disharmony that new insights, questions, 
and ideas emerge. As such, the project has been, and continue to be, a specific 
reference project against which other ideas and approaches can be assessed, discussed, 
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and critiqued. I hope that the work documented in this thesis provides a fertile ground 
for other interaction design researchers to discuss and critique, and for generating new 
ideas and research questions. Next, I give one specific example of how the RepMoves 
project can be discussed in relation to two existing interaction design ‘theories’: strong 
concepts [98] and generic design thinking [99]. 

Strong and generic concept 

Strong concepts are design elements abstracted beyond particular instances which have the 
potential to be appropriated by designers and researchers to extend their repertoires and enable 
new particulars instantiations. [98, p. 5] 

Strong concepts are generative pieces of knowledge in the sense that they help generate new 
solutions for a particular design situation. [98, p. 6] 

Applying a strong concept involves skills and a deep understanding of the particulars of a 
specific design situation—it is not guaranteed to predict certain outcomes or successful 
designs. Rather, it is pointing to a likely combination of use behavior and dynamic gestalt. 
[98, p. 6] 

The notion of generic design points to a mediating structure that can establish connections 
between ultimate particulars (as manifested in designed objects) and more general ideas. [99, 
p. 535] 

A generic design in HCI can be seen as a design concept that captures some essential qualities 
of a large number of particular designs, i.e., it defines a class or design space of interactive 
systems. These generic design concepts can be about core technological properties, or related 
to form or function, or maybe often in our field, related to interactional qualities. [26, pp. 
535–536]                  

At the start of the project, I envisioned different forms of virtual, sample- or 
synthesizer-based instruments that could be played through bodily movement. A 
system could be designed so that individual movements triggered individual notes, or 
more or less predefined chords and chord patterns. And nuances in the movement 
performances could be used to dynamically control expressive qualities in the music. 
Thus, I reasoned that the user would be able to creatively and expressively play the 
virtual instrument through bodily movements. However, it was important for me to 
design a system that did not require any particular music and movement skills, and 
this idea would essentially require the user to learn how to play an unfamiliar virtual 
‘instrument.’ It would be difficult for anyone without previous knowledge (such as 
seniors with limited technology skills) to just pick up and use. Furthermore, although 
it represented an interesting design case, I considered its potential for producing 
knowledge beyond the specifics of the particular design case to be limited. I wanted to 
explore a more open and generative idea that could potentially be transferable and 
applicable to other design cases. 
 
In this regard, the idea of using tempo as an interactive link between music and 
movement seemed to have more potential. I reasoned that the idea could:  
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• apply to many different repetitive movement activities with varying degrees of 

challenge and difficulty, from simple one-dimensional movements to more 
multi-dimensional full-body movements and dancing;  

• build on our innate propensity to synchronize repetitive bodily movement to 
the rhythm of music;  

• be independent of specific songs or types of music, thereby allowing the users 
to select their preferred music;  

• facilitate an aesthetic and embodied engagement with the music without 
having to learn and develop new skills;  

• motivate, support, enhance, sustain repetitive movement activities, and distract 
from the monotony of the activity 

 
In sum, the idea represented a generic and transferable conceptual idea for how bodily 
interaction with music could be designed to promote, motivate, and sustain repetitive 
movement activities. In the early stages of the project, I found it natural to refer to the 
idea as rhythmic interaction (with music). When searching for previous research using the 
term ‘rhythmic interaction,’ I found a variety of research that in different ways used 
and explored rhythm as an input method or interaction paradigm. Different forms of 
rhythmic input methods were used for secure user authentication [189], [190]; 
securely pairing I/O-constrained mobile devices [191]; quick menu selection [192], 
exploring Indian tabla drumming [193], novel key mappings for text input using five 
keys [194], and universal access using song-based eye blinking patterns [195]. Others 
specifically use the term rhythmic interaction to describe: an audio-based tennis game for 
mobile devices [128]; an input method for selecting songs using finger tapping [129], 
and; rhythmic tutoring systems [196]–[199]. Ghomi et al. [200, p. 1] "introduce 
Rhythmic Interaction as the use of rhythms for input," while Spillers [130, p. 1] discuss 
"rhythmic interaction as an emerging principle of experiential design." 
 
The ideas explored in the RepMoves project clearly fall under the broad umbrella of 
rhythmic interaction. However, the term is too broad and general to succinctly capture 
the idea of using tempo as an interactive coupling between music and movement. 
Over time, I found that the easiest way to verbally describe my idea to others is to 
refer to the interactive relation between an orchestra conductor and the orchestra, 
which eventually led me to use the term ‘the conductor concept.’ As such, the 
motivation for choosing this term was not to define it as a strong concept, but to 
illustratively describe the core idea of an interactive system that synchronizes musical 
beat to repetitive bodily movements. Nevertheless, as mentioned in section 2.2.2, I 
find Höök and Löwgren’s [98] definition of strong concepts to be a fitting description 
of the conductor concept. It carries a core design idea that has the potential to be used 
in different use situations; it is generative of new design ideas and lines of inquiry; it is 
concerned with interactive behavior rather than static appearance; it is a design 
element and part of an artifact; it speaks of use practice over time, and; it sits on an 
abstraction level above specific instances.  
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Nevertheless, I hesitate to define the conductor concept as a strong concept because it 
is too specific in its application domain. It deals with a very specific relationship 
between movement and music, and even though it can be used in many different use 
situations, it is still a relatively narrow concept in terms of applicability. It does not 
reside at the same abstraction level as Höök and Löwgren’s examples of strong 
concepts: seamfulness, and social navigation. However, as the abovementioned examples 
illustrate, rhythms can be used to interact with technology in a variety of ways, 
including the application domain (or design space) described in this thesis. 
Accordingly, I suggest that the conductor concept is one of many examples of 
rhythmic interaction, and that rhythmic interaction is a good candidate for a strong 
concept. 
 
However, this hierarchical separation between rhythmic interaction and the 
conductor concept suggests that there is at least one more abstraction level between 
strong concepts and ultimate particulars. In other words, if the conductor concept 
resides on an abstraction level above the ultimate particular RepMoves artifact, but 
below the strong concept of rhythmic interaction, there is another ‘inter-intermediate’ 
conceptual space between strong concepts and ultimate particulars. It is not my 
intention to split hairs in an attempt to define the boundary between strong concepts 
and this ‘inter-intermediate’ space, but rather to suggest that the interesting question 
is not so much whether a design concept qualifies as a strong concept or not, but how, 
and to what extent, it displays the characteristics of a strong concept. As I have 
indicated throughout this thesis, I think the conductor concept exhibits many ‘strong’ 
characteristics, and I have found Höök and Löwgren’s definition and delineation of 
strong concepts useful for thinking, reflecting, and discussing the strengths and 
weaknesses of the conductor concept, and the contributions of this thesis.  
 
Similarly, Wiberg and Stolterman’s [99] notion of generic design thinking helped 
inform my understanding of the conductor concept as a form of generic, intermediate-
level knowledge. However, the authors approach the subject from a somewhat 
different perspective than I have done in this project. They argue for taking a birds-
eye view of the field to: identify and group different designs into classes, modes, or 
genres of interactive systems; to relate, elaborate, and explore similarities and 
differences between existing designs, and between classes of systems, and; to design, 
implement and evaluate designs that in different ways either fit into existing classes, 
"or deliberately violate [...] their definition in new ways" [99, p. 538]. Ultimately, the 
aim is to identify the novelty of individual designs and prototypes and thus, by 
extension, their relevant knowledge contribution. In contrast, my approach in the 
RepMoves project has been to start with an idea for a generic interactive coupling 
between movement and music, and to explore and produce design-relevant 
knowledge about the generic idea by iteratively working towards an increasingly more 
refined and specific ultimate particular. Rather than identifying generic qualities by 
comparing and contrasting many different designs, I started with a generic concept, 
and explored it through a concrete design case. Nevertheless, this project has led to 
the discovery of various other designs (commercial and research-based) that in 
different ways explore the basic idea represented by the conductor concept [168]–



 102 

[172], [201]–[206]. These other designs helped guide and inform my exploration and 
understanding of the idea and confirmed that it is an interesting and worthwhile line 
of inquiry. For example, as mentioned in section 5.2.5, I found Moens and colleagues’ 
work with the D-jogger system encouraging and informative. In particular, their work 
to design and evaluate different "alignment strategies for the entrainment of music and 
movement rhythms" [169], [171, p. 86] was instructive and useful for my work with 
RepMoves. 
 
The moBeat system [204] is another interesting example. It uses "interactive music to 
guide and motivate users during aerobic exercise" [204, p. 135]. The system was 
designed to provide musical feedback in the form of pre-programmed MIDI music 
that synchronizes to the cycling pace of a cyclist, similar to the way RepMoves works. 
Moreover, moBeat provides feedback in the form of instrumental layers in the music 
that fade in and out in response to the user’s heart rate (HR) (referencing a pre-
determined target HR zone). When the HR is outside the target zone, only the basic 
beat of the music is audible. When the HR becomes more aligned with the target zone, 
additional instruments appear in the music. When the HR matches the target, all the 
instruments are playing. Finally, users are guided in their training intensity by a series 
of rising or falling tones to indicate whether they should speed up or slow down, 
respectively. The authors evaluated 26 subjects’ motivation (Intrinsic Motivation 
Inventory), attentional focus (Attentional Focus Questionnaire), and rate of perceived 
exertion (Borg scale) in a within-subject comparison between the moBeat system and 
a commercially available heart rate watch:  

From the results we conclude that our moBeat system provides higher intrinsic motivation. 
Users engage less in dissociative strategies and focus less on distress cues. However, the 
perceived exertion is not significantly lower with moBeat. Still, the moBeat system is as 
effective as the reference system, which is currently the golden standard in exercise guiding. 
Informal evaluations after the test sessions revealed that moBeat was more pleasant to use 
and was as easy to use as the reference system. [...] We cannot make any firm conclusions 
about long-term motivation of the participants, however, higher scores on intrinsic motivation 
and a reduced focus on physical pain during the exercise are in favour of improved long-term 
motivation. [204, p. 144] 

I find the moBeat system compelling because it expands upon the generic idea 
described by the conductor concept by leveraging instrumental layers as additional 
feedback on user performance. This is an idea I have been pondering but unable to 
implement in RepMoves because it uses real audio recordings rather than MIDI 
music. To create the same instrumental layering effect using audio files, one would 
need the original multi-track recordings of the music. Although it is certainly possible 
to produce or source multi-track recordings, and to adapt RepMoves to create 
instrumental layers, the music variety will be severely restricted by the limited 
availability of multi-track recordings. Nevertheless, as a subject of future work, the 
creators of moBeat essentially describe the approach I have taken by using audio 
recordings and pitch correction (time-stretching) instead of MIDI music: 
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The music used in the current prototype needs to be improved. In future versions, musical 
layers would preferably be in other widely available formats such as MP3, and time-
stretching algorithms could be used to perform time stretching without adjusting the pitch. 
[204, p. 144]  

I agree with the authors and believe it is possible to design exciting and engaging 
interactive experiences by combining the instrumental layering technique of the 
moBeat system with the more high-quality audio option I have used in RepMoves 
(48kHz, 24bit AIFF format). However, unless music producers and studios start 
publishing multi-track recordings, it will be impossible for the users to freely select 
their favorite music to be used with such a system. 
 
Returning to the subject of strong and generic concepts, it is not my intention to define 
the conductor concept as a strong concept or generic class of interactive systems. 
Nevertheless, as I have hopefully conveyed in this section, and in the work presented 
in this thesis, the conductor concept exhibits many of the qualities of a strong and 
generic interaction design concept. 

6.4.3 Involving senior citizens in design exploration 

Beyond producing knowledge about the interactive concept and how it can be 
designed and used, the project also produced insights about how to involve senior 
citizens in general, and seniors with Alzheimer’s disease in particular, in future-
oriented design explorations and discussions. Although the project was not a 
participatory design project, my initial research proposal and the early work presented 
in chapter 4 focused on how to involve senior citizens in participatory design. Paper 1 
produced a set of 12 guidelines for how to involve senior citizens in PD [207], and this 
work informed my approach to working with senior citizens in the RepMoves project. 
In what follows, I give some brief reflections on my experiences of working with senior 
citizens, with and without Alzheimer’s disease. The reflections are presented under a 
selection of themes or annotations that have been drawn from the guidelines in paper 
1.  

Working with existing groups 
I have found it very useful to approach existing groups of seniors who meet on a 
regular basis (i.e., both Seniorgamer groups and the Alzheimer activity group). They 
have a set of established social relationships, practices, and routines that make it a safe 
and inclusive environment for open explorations and discussions of future-oriented 
design ideas. Furthermore, taking advantage of existing groups relieves the 
researcher(s) from a significant amount of organizational work to organize meetings, 
find a suitable location, provide food/refreshments, and organize transportation. I 
have also engaged individuals and pairs of seniors in explorations and discussions of 
RepMoves. Although these sessions have been informative, they have generally 
demanded more work to organize and facilitate while producing less in terms of 
relevant and useful insights and outcomes. When working with existing groups, I could 
focus my attention on preparing the prototype with regards to the questions I wanted 
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to explore and discuss at the meetings. However, when working with individually 
recruited seniors, the necessary organizing and facilitation work took time and focus 
away from preparing the prototype for the meetings.  

Seniors are not a homogeneous group 
I found that each of my visits to the Seniorgamer groups and the Walker group 
garnered varying degrees of enthusiasm and interest from individuals within each 
group. There were one or more individuals in each group who were very excited and 
curious about the system, and willingly engaged and explored different ways of moving 
to interact with it. Many were amused and showed some level of interest and 
engagement, while a few seemed relatively disinterested. This underscores the fact that 
the system/interactive experience may not be the right fit for everyone. People are 
different, and their individual interests and dispositions make them more or less 
susceptible to certain types of activities and behaviors.  

Ensure that everyone is included in the activity 
The varying degrees of interest also points to a potential challenge or issue that can 
arise when engaging with pre-existing groups: How do you capitalize and build on the 
enthusiasm of those who show interest, while simultaneously respecting the needs of 
others within the group who are less interested? In the groups I visited, it was tempting 
to invite those who were enthusiastic about RepMoves to form a separate group that 
could work together to further develop the system according to the participants’ 
preferences and needs. I think this could have facilitated more productive discussions 
and explorations. However, given the time and resource constraints of the project, I 
found it more productive to work with existing groups than to recruit and organize a 
dedicated group of interested individuals. Moreover, I found the diversity of opinions 
within these groups to be valuable as it was not necessarily the most enthusiastic 
individuals who provided the most useful insights. Critical comments usually pointed 
to problems or issues that I was already aware of through my own testing and 
exploration. As such, they were welcome confirmations of my own assumptions and 
judgments about what works, and what does not. In some cases, critical comments 
pointed to aspects I had not considered, or had interpreted differently. 

Adapt methods to suit participants and context 
Throughout the project, I worked with senior citizens in a wide range of contexts and 
found it necessary to adapt my approach to suit their interests, needs, and abilities. 
For example, it would have been very beneficial to record video during the studies 
with the Walkers and the Seniorgamers. However, in consultations with the 
caretakers, it was necessary to forego this option to protect the participants’ privacy 
and avoid putting them in a situation in which they were not comfortable. Also, in the 
Seniorgamer study, I wanted to collect data to enable comparison between the 
participants’ motivation to play their regular bowling game and the RepMoves 
system. In preparation for the study, a questionnaire based on the Intrinsic Motivation 
Inventory (IMI) [208] was developed. The questions were selected from a larger list of 
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standard questions included in the IMI, and the questionnaire consisted of 11 simple 
statements regarding their motivation to use either system. Each statement was 
assessed on a seven-point Likert scale, ranging from ‘completely true’ to ‘completely 
false.’ The questionnaire was given to the caretakers to collect a first round of ‘baseline’ 
data in one of their regular bowling sessions before the start of the study. However, 
the feedback from the head caretaker after administering the questionnaire was that 
she thought the questions were too simple and ‘childishly’ formulated. She underlined 
that the participants were capable of answering more advanced questions and 
indicated that she did not think it was a good instrument to use with this group. 
Although I did not entirely agree with this assessment, particularly because I thought 
the answers from the first round provided some interesting insights, I nevertheless 
respected her concerns and did not insist on using the questionnaire. It was more 
important to me to be able to engage the Seniorgamers in situated explorations and 
discussions of the prototype and the interactive experience. 

Work closely with caretakers 
As previously mentioned, when working with Alzheimer patients it is critical to engage 
and involve caretakers in planning and executing sessions. The caretakers know the 
personalities and preferences of the participants and know how to motivate them to 
engage in different activities. They are accepted and trusted authority figures from 
whom the participants are used to taking directions, and I have found that if the 
caretakers have a good understanding of my intentions and goals, they are a valuable 
resource to help facilitate the process. On the other hand, if the caretakers are not 
properly engaged in the planning of the activity, their attempts to help and assist 
during the session may become counter-productive.  

Use artifacts to explore and discuss intangible and future-oriented design ideas 
The RepMoves project explored a future-oriented idea for how music and movement 
can be interactively coupled to create meaningful and aesthetically pleasing interactive 
experiences. This inquiry was entirely dependent on having a functional artifact for 
participants to test, explore, and discuss. Without the artifact, it would have been 
impossible to engage the participants in meaningful discussions about the conceptual 
idea. Particularly so for the participants with Alzheimer’s disease who were quite 
limited in their ability to verbalize their thoughts. The artifact made it possible to 
observe participants’ bodily responses and behavior as they interacted with the system, 
which in many cases provided much more nuanced and detailed insights than their 
verbal comments. Their movements became visceral and embodied responses to the 
‘material’ questions and arguments inscribed into the prototype. 

Realistic contexts 
Throughout the project, RepMoves was brought out into the everyday contexts of the 
participants to explore its use in real-world contexts. This has not only enabled 
exploration and testing of the prototype but also provided opportunities for me to 
observe and reflect on how it could be adapted or changed to fit within existing use 
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practices and contexts. Thus, the field explorations were not singularly focused on the 
functionality of the prototype but were also concerned with understanding the existing 
everyday practices of the participants. Moreover, the field explorations gave the 
participants (more or less) concrete examples of how the system could be used within 
the context of their everyday lives, which enabled them to reflect and discuss the 
experience on a concrete level, and to describe what they found problematic or suggest 
additional features. Compared to decontextualized lab-like testing, I believe real-
world use contexts provide a richer environment that is significantly more conducive 
to open-ended/future oriented explorations and discussions with senior citizens in 
general, and particularly for those with Alzheimer’s disease. It is also important to 
underline that it is critical to thoroughly test and prepare the prototype in the lab 
before bringing it into the everyday lives of seniors with Alzheimer’s disease. Whereas 
healthy seniors were receptive to explanations and directions for how to avoid erratic 
system behavior, participants with Alzheimer’s disease were (naturally) less so. 
Accordingly, erratic system behavior was more detrimental to the sessions with 
Alzheimer patients. 

6.5 Conclusion 

The RepMoves project was a concept-based interaction design research project 
focusing on movement-based interaction with music. It aimed to use rhythmic 
interaction with music to promote and motivate increased physical activity and social 
interaction among senior citizens. Employing a Research through Design approach, 
the project used sketching and prototyping in software and hardware to explore and 
understand the important relationships and essential characteristics of the conductor 
concept, and how those relationships and characteristics can be harnessed to create 
meaningful and aesthetically pleasing interactive experiences.  
 
In an explorative and iterative process of seeing-moving-seeing, an interactive 
research prototype, RepMoves, was designed. Beyond developing and exploring the 
prototype in the lab, various versions of it were also brought out into the field to test, 
explore, and open up discussions about the interactive experience with senior citizens, 
caretakers, and other informants.  
 
This thesis contributes by discussing and critically examining how Research through 
Design was used to produce design-relevant knowledge about the conceptual idea and 
its potential use in the context(s) of social activity groups for senior citizens (with and 
without Alzheimer’s disease). It opens up a design space that is informed by the 
conceptual idea; the designed artifact; the interactive experience; the contextual 
exploration of the prototype with senior citizens, caretakers, and other informants, 
and; a wide range of existing research relevant to the inquiry. The thesis contributes 
a specific synthesis of knowledge relevant to interaction design practitioners and 
researchers interested in designing movement-based interaction with music. It also 
offers reflections on how the artifact was used to engage senior citizens, caretakers, 
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and other informants in explorations and discussions revolving around an intangible 
and future-oriented interaction design concept. In summary, this thesis contributes to: 
 

• elucidate how the conductor concept can be realized in a functional artifact; 
• explore the essential characteristics and relationships of the interactive coupling 

(tempo, stability, responsiveness, pitch, synchrony, entrainment, phase); 
• demonstrate the generic nature of the conceptual idea and its potential use in 

a variety of use contexts and movement activities; 
• explore how the RepMoves research prototype can be optimized to be used in 

activity groups for Alzheimer patients; 
• examine how and what kind of knowledge was generated in one specific RtD 

project.  
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INVOLVING SENIORS IN THE DESIGN OF HOME-BASED 
WELFARE TECHNOLOGIES: A REVIEW OF EXISTING 

RESEARCH 

Rune B. Rosseland 
Department of Informatics, University of Oslo, Boks 1072 Blindern, 0316 Oslo, Norway 

ABSTRACT 

This paper introduces a set of guidelines for involving seniors in participatory design (PD) of home-based welfare 
technologies. The guidelines are produced through a literature review of existing research and focus on the practical 
experiences of involving seniors in participatory design activities. The guidelines suggest that the design process should 
be tailored to the needs and abilities of the participants in a way that supports the development of trusted relationships, 
and facilitates learning and understanding among researchers and participants. The guidelines are useful for researchers 
and designers intending to involve seniors in the design of home-based welfare technologies, and give recommendations 
regarding the recruitment, motivation, and engagement of seniors in participatory design activities.  

KEYWORDS 

Participatory Design, welfare technology, seniors, elderly, configuring participation 

1. INTRODUCTION 

Approximately half of the adult population of Norway is over 50 years, and by 2050, “the number of people 
over the age of 67 will have doubled” (The Norwegian Design Council, 2010). There is a growing interest in 
ICT-based solutions that can assist seniors in maintaining normal lives in their own homes, and avoid or 
reduce dependence on health care services (Vines et al., 2012). The term home-based welfare technology is 
used to signify any ICT-based technology that can help give seniors living at home a better quality of life 
(Teknologirådet, 2009). Existing efforts to produce home-based welfare technologies for seniors often have a 
technology-centered focus that neglects to consider the everyday, situated use of such technologies 
(Huldtgren et al., 2013). As a result, many technological solutions are difficult to incorporate into the daily 
lives and routines of the intended users. This can lead to incorrect use, or even a refusal to use such 
technologies (Ballegaard et al., 2008).  

To ensure that the proposed solutions will be accepted and used by senior citizens, participatory design 
(PD) emphasizes the importance of involving users in all stages of the design of new technologies, from early 
ideation to final evaluation (Dickinson et al., 2003; Eisma et al., 2003; Uzor et al., 2012). However, involving 
seniors in the design of innovative home-based welfare solutions is not straightforward. As Grönvall and 
Kyng (2012) points out, little research has focused on PD studies within home-based healthcare. Research on 
home-based settings is fundamentally different from organizational and workplace settings, which has been 
the domain of PD over the last 40 years (Grönvall and Kyng, 2012; Iversen et al., 2004; Lindsay et al., 2012a, 
2012b). People arrange their homes and conduct their lives in a variety of ways, and this diversity must be 
acknowledged in PD-projects focusing on home-based welfare technologies (Grönvall and Kyng, 2012). 

Furthermore, many current seniors have very limited experience with modern digital technologies and 
have difficulties envisioning how it can be used to improve their daily lives (Eisma et al., 2004; anonymous, 
2014). Some reject the idea that they need any technological aid (Aarhus et al., 2010). Thus, seniors’ lack of 
knowledge, experience, and interest in new technologies complicates their involvement in the design and 
development of welfare technologies. 

There is a lack of research on, and guidelines for, involving seniors in PD-activities focusing on  
home-based welfare technologies. There are some examples of very good work that specifically addresses 
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this issue (e.g. Aarhus et al., 2010; Brandt et al., 2010; Chen and Wang, 2012; Dickinson et al., 2003, 2003; 
Eisma et al., 2004; Grönvall and Kyng, 2012; Huldtgren et al., 2013; Lindsay et al., 2012a, 2012b), as well as 
other work that touch upon the subject in related research (Culén and Velden, 2013; Davidson and Jensen, 
2013; De Schutter and Vanden Abeele, 2008; Massimi et al., 2007; Massimi and Baecker, 2006; Uzor et al., 
2012; Vines et al., 2012; Xie et al., 2012).  

Given the unique challenges researchers experience when conducting PD with seniors, it is important to 
evaluate what has been done so far and see how we can improve our methodological approach. This paper 
attempts to sum up current knowledge on the subject and produces a set of guidelines for how to involve 
seniors in PD. (See also Grinter (1997) for a similar approach to workplace studies, or Ertner et al. (2010) on 
empowerment in the PD discourse.) 

2. APPROACH 

Google Scholar, ACM Digital Library, and PDC proceedings were searched for papers containing the 
keyword participatory design, and at least one of the following: elderly, senior, older, aging, or 
gerontechnology. The search results were scanned for abstracts relating to the subject of involving seniors in 
participatory design of home-based welfare technologies. The initial search yielded 35 papers. After careful 
reading, 10 papers were excluded due to lack of descriptions of recruitment and involvement of senior 
participants. The identified papers can be categorized into one of two general categories. The first category 
(n=10) includes papers that focus on a specific design context and employ participatory design methods in 
order to produce either: prototypes of products, or design guidelines for the specific design context. Many of 
these papers give short descriptions or recommendations regarding the involvement of senior participants, but 
do not go into much detail on these topics. The second category (n=15) includes papers that focus 
specifically on issues regarding the involvement of seniors in participatory design processes. These papers 
identify a range of different challenges and benefits of involving senior participants and examine these in 
much greater detail than those in the first category. 

Several papers emphasize the importance of involving all relevant stakeholders when doing care-related 
PD (Aarhus et al., 2010; Eisma et al., 2003; Huldtgren et al., 2013). While acknowledging the importance of 
involving other stakeholders, due to space limitations, this paper focuses exclusively on the involvement of 
seniors in PD activities. 

3. FINDINGS 

This section describes the findings of the literature review. It is divided into 12 themes that have emerged 
through the analysis. The themes and resulting guidelines are grouped into the following three categories: 
selecting and recruiting participants, motivating participants, and engaging participants. 

3.1 Selecting and Recruiting Participants 

The selection and recruitment of participants are crucial to any participatory design process, and particularly 
so when it comes to old or frail participants (Eisma et al., 2004).  

3.1.1 Avenues of Recruitment 
Finding potential participants is not an easy task, and should be carefully considered as it has important 
implications for the subsequent design process (Brandt et al., 2010; Eisma et al., 2004; Lindsay et al., 2012a). 
There are a number of different avenues of approaching potential participants: Word-of-mouth (Davidson 
and Jensen, 2013); distributing flyers and posters (Uzor et al., 2012); mail shots, telephone calls, and personal 
visits to different organizations, clubs, residential homes, day centers (Eisma et al., 2004); charities, support 
groups, health professionals (Lindsay et al., 2012a); and established research panels (Vines et al., 2012).  

The chosen method of approach may influence potential participants’ ability to perceive and understand 
what they are being asked to take part in. For example, letters are difficult to read for people with visual 
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impairments, and telephone calls can be challenging for those who are hard of hearing (Lindsay et al., 
2012a). Several papers report good experiences from asking professionals, as well as different organizations 
and groups that work with seniors to help identify suitable participants (Eisma et al., 2004; Grönvall and 
Kyng, 2012; Lindsay et al., 2012a). 

3.1.2 Clarify Assumptions, Expectations, Purpose, and Goals 
During the recruitment process, it is necessary to explain and clarify what participation will entail, both to 
potential participants and to people who provide access to potential participants. It is, therefore, important 
that the researchers can give a clear account of the purpose and goals of the process, the structure and timing 
of activities, and level of engagement they expect from the participants. It is crucial to be as honest as 
possible and not promise more than can be delivered, as unmet expectations can quickly lead to waning 
interest and withdrawal from the project (Aarhus et al., 2010; Huldtgren et al., 2013).  

Furthermore, the framing of the project and the words used to describe its purpose and goals play an 
important role in how people respond when being recruited. Ballegaard et al. (2008) and Brandt et al. (2010) 
underline the potential stigmatizing effects of being recruited to a study focused on age-related diseases and 
disabilities, or simply based on stereotypical understandings of what it means to be old.  

3.1.3 "Seniority" 
Brandt et al. (2010) and Huldtgren et al. (2013) emphasize that there are no typical users of welfare 
technology for seniors. ‘Senior citizens’ is not a specific and easily identifiable group of people, but an 
incredibly diverse and heterogeneous group with a wide range of needs and abilities. Therefore, simply 
recruiting people based on their biological age may not ensure that the participants are suited for the subject 
of the research (Vines et al., 2012).  

Rather than focusing on biological age, Brandt et al. (2010, p. 402) argues for using the term situated 
elderliness: “With situated elderliness we refer to practices that for some reason or another has become more 
challenging or perhaps even impossible to carry out by himself or herself.” Situated elderliness thus allows us 
to focus on the everyday practices that our participants engage in and address the specific challenges they 
experience. 

3.1.4 Group Composition and Ability to Participate 
Several papers report difficulties coordinating suitable times for the participants to meet, and to get 
commitments for continued involvement (Aarhus et al., 2010; Vines et al., 2012). Grönvall and Kyng (2012) 
found that the health conditions of their elderly participants varied from day to day, making it difficult to 
schedule PD sessions. One participant terminated her involvement because the PD activities were too 
exhausting. Ballegaard et al. (2008) suggest taking the daily lives of participants as a starting point and 
making sure that the development process fits well with all participants’ daily activities.  

Moreover, it is important to consider group composition. Clashes of personalities and interests may occur, 
with adverse effects on the scheduled activities and their outcomes (Lindsay et al., 2012b). Lindsay et al. 
(2012a, p. 528) found that working with pre-existing groups was very beneficial in this regard: “The 
environment in these groups lent confidence to the participants and they were able to support each other 
when articulating their thoughts”. By recruiting existing support groups, and only those groups that 
unanimously agreed to participate, they were able to ensure that the participants were comfortable with each 
other and that they were able to work together. However, working with pre-existing groups introduces 
potential issues with representability and conflicting group interests that need to be considered (Grönvall and 
Kyng, 2012).  

Sustar et al. (2013) found that the most productive workshop groups were composed of a mix of designers 
and older participants. By comparing the number of topics covered and turns taken (during discussion) by 
differently composed groups of participants, they found that “more topics and a higher number of turns were 
developed by mixed groups than by older people or designers working on their own” (ibid, p. 653). 

When it comes to the ideal number of participants in groups, the prevalent notion seems to be to keep 
groups small in order to enable all participants to contribute. Sustar et al. (2013) had 1-2 participants working 
together with 1-2 designers per groups of 3, Uzor et al. (2012) used 3 – 4 participants and 2 facilitators per 
group. Lindsay et al. (2012b) recommends 4 – 5 participants per group, but also recommends over-recruiting 
in the case of last minute cancellations. 
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3.2 Motivating Participants 

Multiple papers underline the importance of motivating seniors to take part in PD activities and processes 
(Eisma et al., 2004; Grönvall et al., 2010; Grönvall and Kyng, 2012). Hence, it is useful to be aware of some 
motivational factors that can inspire seniors to engage in PD. Furthermore, it is important to deliver on the 
promises that are made in the recruitment process in order maintain participants’ interest and engagement 
(Eisma et al., 2004). If participants’ expectations are not met, they are likely to lose interest and might 
withdraw from the project (Grönvall et al., 2010; Huldtgren et al., 2013). This also underlines the need to be 
clear about expectations, purpose, and goals of the project during the recruitment process. 

3.2.1 Social Contact 
Many participants enjoy the social aspect of taking part in co-design activities. New acquaintances are made, 
and new friendships are forged. Several authors recommend either making the activities themselves into 
pleasurable social events (Davidson and Jensen, 2013; Vines et al., 2012) or providing designated time for 
socializing (Eisma et al., 2004). It is also recommended that researchers, in addition to facilitating social 
interaction among the participants, try to build good relationships with the participants. This helps 
participants feel more comfortable and helps build a level of trust that is crucial to their successful 
participation (Grönvall et al., 2010; Lindsay et al., 2012a). Eisma et al. (2004) found that the good 
relationships they were able to establish with some of the participants made it possible to involve them at a 
higher level: One participant volunteered to administer a questionnaire to her contacts, while another agreed 
to speak on behalf of the users at an industry seminar. Blythe et al. (2010, p. 169) also underline the 
importance of connecting with the participants: “If we have succeeded at all in enhancing our participants’ 
experience of ageing through technological interventions, it is not by observing users, identifying needs, 
goals and activities, then specifying the requirements of design solutions. It is by spending time, living with 
them a little, and by letting our relationship grow to a point where we could respond empathically with 
something. The form of response was less of a solution to a problem and more like a gift.” 

However, building intimate and trusted relationships with the participants can also become problematic. 
Grönvall et al. (2010) found that their close connection to their participants made it difficult to collect data 
and conclude the study.  

Finally, it is important to be aware of potential pitfalls regarding participants’ need for social interaction. 
Some see their engagement in the design process as an opportunity to socialize, which may make it difficult 
to maintain focus (Eisma et al., 2004; Grönvall and Kyng, 2012). 

3.2.2 Learning 
Several authors point to learning as an important motivation for seniors to participate in PD activities (e.g. 
Eisma et al., 2004; Grönvall et al., 2010). Participants see their involvement as an opportunity to learn about 
new technologies and the possibilities they represent. “In our experience the enjoyment that people get from 
learning about new products and technologies is an important motivation to participate, and to participate 
again. This is especially true of the hands-on activities” (Dickinson et al., 2003, p. 5). 

While learning about new technology can be a strong motivator in itself, it also enables older participants 
to understand and connect with younger, more tech-savvy generations (Massimi and Baecker, 2006). Thus, 
learning about technology becomes an identity-forming activity. By better understanding popular new 
technologies they are able to connect with and relate to their children or grandchildren on a different level 
than before. 

However, as underlined by Dickinson et al. (2003, p. 2) “many older people do not feel comfortable 
‘learning while doing’ in unsupported environments” and require assistance and guidance in order to learn. 
This may present opportunities for researchers to motivate continued participation by arranging activities in a 
way that allows participants to learn about technology under the guidance of researchers. It can also be an 
opportunity to develop personal relationships and trust between participants and researchers. 

3.2.3 Appreciation of Contribution 
People take pride in their contributions, and it is important to show participants that their input is valued and 
respected. Participants are likely to be de-motivated if they experience that their input is not acted upon or 
incorporated into mock-ups and prototypes (Huldtgren et al., 2013). Conversely, participants feel valued and 
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develop a sense of ownership of the designs when they experience that their input is taken seriously (Taylor 
et al., 2012).  

It is important to help participants appreciate that their opinions matter: “The lack of confidence felt by 
many older people about technology meant that it was important to provide an atmosphere within focus-
groups encouraging participants to value their own opinions, express themselves honestly, and enjoy their 
experience” (Eisma et al., 2004, p. 135). 

3.2.4 Regular Contact and Information about Progress 
It is important to nurture and maintain participants’ interest and motivation throughout the entire process. 
“Disillusionment and waning interest [can] occur if there [is] a delay between the initial contact and any 
particular project activity” (Eisma et al., 2004, p. 134). They distributed a quarterly newsletter to all 
participants, which resulted in a number of requests for technological assistance. By visiting participants and 
helping them with their problems, the researchers were able to develop participants’ interest and loyalty to 
the project. These visits also provided good opportunities for the researchers to gain insights into 
participants’ issues and concerns (Eisma et al., 2004). 

It is important to establish channels of communication and to keep them open throughout the entire 
process (Huldtgren et al., 2013). Lindsay et al. (2012a) established consistent points of contact for each group 
of participants. The consistent point of contact would facilitate the group meetings and was the closest 
member of the design team to the participants. Thus, all participants had one member of the design team as 
their main contact, leading to the development of trusted relationships: “Because of insights into the 
participants lives gained from active debates with them, the consistent point of contact found that they 
became an advocate for the participants at design team meetings that were conducted without them, where 
their opinions might otherwise have been marginalized” (Lindsay et al., 2012a, p. 528). 

3.3 Engaging Participants 

This section looks at themes related to how participants are engaged in the PD process. There are many 
methods and approaches available for PD researchers, but there is not enough existing research to give a 
coherent analysis of how well the different approaches are suited for working with older participants. 
Therefore, rather than focusing on specific methods, this section looks at different ways of communicating 
and interacting with older participants in order to maximize the benefits of their involvement. 

3.3.1 Practicalities 
In choosing a location for the activities, it is important to consider accessibility and travel options for the 
participants, taking care to accommodate any mobility problems or other special needs the participants may 
have (Uzor et al., 2012). Rooms should be well lit, quiet, and free from distractions, and restrooms should be 
easily accessible (Lindsay et al., 2012b). Providing refreshments may be necessary, depending on the 
duration of the activities, and also serves an important purpose in creating a social and enjoyable atmosphere 
for the participants (Davidson and Jensen, 2013; Vines et al., 2012). Finally, PD activities can be tiresome 
and it is important to adjust the duration and timing to suit the participants (Blythe et al., 2010; Eisma et al., 
2004). Even when sessions are going well, it is important to respect the pre-set schedule in order to avoid 
putting pressure on participants to spend more time than was originally agreed (Lindsay et al., 2012b). 

3.3.2 Adapt Methods to Participants and Context 
Typical PD methods include ethnographic observations and field studies, questionnaires, interviews, focus 
groups, future workshops, and design of and experimenting with physical and computer-based prototypes 
(Ballegaard et al., 2008; Davidson and Jensen, 2013; Dickinson et al., 2003; Verdezoto and Wolff Olsen, 
2012). Several authors underline the need to modify and adapt these methods when working with older 
participants in order to maximize the benefits of the activities (Blythe et al., 2010; Vines et al., 2012; Xie et 
al., 2012). “When questionnaires were personally administered by researchers, spontaneous excursions into 
users’ own experiences and demonstrations of various personal devices were relatively common and 
provided many useful insights” (Eisma et al., 2004, p. 135). 
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Blythe et al. (2010) found ethnographic interviews difficult because some of the older participants were 
suspicious of the interviewer, and grew tired and sometimes distressed by the questions they were asked. It 
was, therefore, necessary to adapt the methods to suit the participants. 

3.3.3 Use of Language and Things to Talk With 
The use of language and hands-on activities with artifacts or prototypes are recurring themes in many papers. 
It is imperative that researchers and participants are able to understand each other and communicate 
effectively, and the use of technical jargon and intangible concepts and metaphors can often have an 
alienating effect on older participants: “’Computer-speak’ is not simply confusing, but can act as a significant 
barrier both to technology use and to communication about technology” (Eisma et al., 2004, p. 138). 

Having tangible artifacts to manipulate, test, explore, and critique is very helpful in overcoming language 
problems and promoting creativity. It also helps participants understand the possibilities of the technologies 
much better than any verbal explanation can (Eisma et al., 2004). For example, when Vines et al. (2012) 
allowed participants to use and explore prototypes of digital cheques, the seniors were able to articulate the 
usefulness of the technology far more succinctly than the researchers had been able to do. Lindsay et al. 
(2012a, p. 522) describes how the development of individually tailored prototypes during the later iterative 
stages of the project allowed for “an in-depth exploration of individual’s thoughts and experiences with the 
prototypes”. 

The artifacts become things to think and talk with. It reduces the strain of having to mentally envision 
intangible concepts and future uses and lets participants focus on concrete properties and possible uses of the 
artifacts. Hands-on sessions with physical artifacts also make it possible for the researcher to observe 
differences between what people say they do and what they actually do (Eisma et al., 2004).  

However, as Blythe et al., (2010, p. 163) noted when discussing the use of artifacts as so-called tickets to 
talk, it can be equally important to have tickets to be silent: “Often during interviews and even during 
‘ticketed’ talk there is an obligation to keep the conversation going which could be overly demanding for 
these residents. Tickets to be silent were as important as tickets to talk in this setting.” 

Furthermore, some people are not comfortable with expressing their opinions during group sessions and 
must be called on to contribute to the discussion. Davidson and Jensen (2013, p. 8) found it necessary to call 
on some participants in order to get them to talk: “As with any group setting, some people talk more than 
others, however we found that the ‘non-talker’ had valuable insights.”  

Another way of facilitating discussion and communication is through co-questioning (Lindsay et al., 
2012a). By allowing the participants to ask each other questions based on a thematic guide, researchers are 
able to pull into the background and listen and observe the development of the discussion. There is a good 
chance that this will uncover misunderstandings that need to be addressed, as well as generate novel insights 
and new questions that can form the basis for future discussions. 

Lindsay et al. (2012a, p. 528) also point to some dangers regarding analysis and interpretation of 
workshop transcripts: “The analysis could, inadvertently, disempower the participants and undermine our 
relationship with them if we took action on our analysis too early in the process”. Accordingly, it is important 
to discuss interpretations and analyses with participants to ensure that their input is not misrepresented. 

3.3.4 Realistic Context 
The context of the different PD activities can play an important role in the outcome of the activities. Several 
papers recommend conducting interviews and observations in the homes of the participants, or in a realistic 
setting, particularly during information gathering activities and during evaluation and testing of different 
mock-ups and prototypes (Aarhus et al., 2010; Ballegaard et al., 2008; De Schutter and Vanden Abeele, 
2008; Eisma et al., 2004). This allows researchers to gather qualitative data and gain insights into the 
everyday lives of the participants that would not otherwise have been possible (Dickinson et al., 2003). “In-
home interviews [...] produced many stories about how the equipment in the home was obtained, how people 
learned to use it, who supported them, and the reporting of a variety of both good and bad experiences” 
(Eisma et al., 2004, p. 136).  

Contextual inquiries are also useful for uncovering underlying motives and capture the true meaning of 
participants’ statements. For example, De Schutter and Vanden Abeele (2008) learned that one participant’s 
love of Tai Chi, and another’s passion for news were both rooted in a desire to connect and spend time with 
friends and family. 
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Finally, it is imperative to respect the rituals of hospitality when visiting the homes of participants. The 
home is the occupants’ refuge from the outside world and is closely tied to their identity and sense of self. 
Inviting strangers into the home can be intimidating and draining, and it is important that researchers do not 
overstay their welcome (Grönvall et al., 2010). “Apparently insignificant actions like refusing a cup of tea 
can make a tremendous difference to the comfort of your host” (Dickinson et al., 2003, p. 4). 

4. GUIDELINES 

The twelve themes identified in the literature review have been condensed into twelve guidelines on how to 
involve seniors in PD with a focus on home-based welfare technologies. 

4.1 Recruiting Participants 

x Carefully consider how potential participants are identified and recruited, and how their inclusion may 
affect the outcome of the process. Try to enlist the help of professionals and other people who have a 
network of, and regular contact with, potential participants. 

x Be as clear and concise as possible when describing the purpose and goals of the project, and make sure 
that participants understand what participation will entail for them. Take care not to offend or stigmatize 
potential participants by explicit or implicit assumptions. 

x Seniors are not a homogenous group. Biological age may not be a suitable criterion for recruiting 
participants. Participants and potential future users should be selected by focusing on situated 
challenges and everyday contexts. Try to understand the problem space through the lived experiences of 
participants. 

x Consider potential participants’ physical and mental ability to take part in the planned PD activities. 
Make efforts to adjust the timing of activities to suit the participants other daily activities. Keep groups 
small in order to allow all participants to be heard, and to foster open and productive discussions. 
Recruiting pre-existing groups can help ensure open and productive group sessions, and prevent 
breakdowns.  

4.2 Motivating Participants 

x Facilitate informal social interaction during meetings. Provide refreshments. Try to establish trusted 
relationships with and among participants, but beware of potential pitfalls. 

x Arrange the design activities in a way that allows participants to learn and develop themselves. Provide 
guidance and assistance, and an environment that is conducive to exploration and learning. Use the 
opportunity to develop good relationships with participants. 

x Allow all participants to express themselves, and be to be heard, without fear of ridicule or 
embarrassment. Show that their input is valued. 

x Make sure participants are informed about project progress and future plans. Establish consistent points 
of contact for participants in order to reduce complexity and stress for the participants. Keep lines of 
communication open throughout the entire process. 

4.3 Engaging Participants 

x Carefully consider transportation, accessibility, light and noise levels, access to restrooms, etc. when 
choosing a location. Adjust duration and timing to suit participants. 

x Participants' wellbeing is more important than strict methodological protocol. Combine and adapt 
methods to suit context and participants.  

x Use clear and understandable language. Avoid the use of technical jargon, metaphors, and intangible 
concepts. Use artifacts extensively as things to talk about, explore, and critique. If possible, consider 
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developing individually tailored prototypes to gain more detailed insights. Verify transcripts and 
interpretations with participants to avoid misunderstanding and misrepresentation. 

x Try to conduct interviews, observations, and hands-on explorations and evaluations in the homes of 
participants, or in other realistic contexts. This is likely to produce richer and more detailed insights into 
the lives of the participants than more neutral lab settings. Be sensitive when entering the homes of 
participants and respect the rituals of hospitality. Do not overstay your welcome. 

5. CONCLUSION 

Given the increasing interest in technologies that can help prevent or delay the onset of age-related health 
challenges and relieve the strain on public healthcare resources, it is critical to understand how welfare 
technologies can become meaningful and helpful parts of seniors' everyday practices. Participatory design 
promotes the involvement of potential and future users in the entire design process to ensure that the end 
result will meet the users' situated needs and demands. This paper gives an overview of current knowledge 
and provides some important points to consider for anyone intending to involve seniors in PD of home-based 
welfare technologies. The guidelines are generally applicable to participants of all ages but are particularly 
important to take into account when involving seniors in PD. The guidelines are not intended as a  
step-by-step guide for conducting PD with seniors but as points of departure for researchers and designers 
intending to involve seniors in PD. Some of the points will be more relevant than others, depending on the 
intentions and resources of the project. It is, therefore, necessary to carefully reflect on how the guidelines 
apply to specific projects. Furthermore, the guidelines suggest that the design process should be tailored to 
the needs and abilities of the participants in a way that supports the development of trusted relationships, and 
facilitates learning and understanding among researchers and participants. Hence, it is vital that the project 
organization is flexible enough to accommodate participants' needs and abilities, and to adapt to unforeseen 
challenges and obstacles. Accordingly, project planning and management, as well as proactive facilitation of 
activities, are critical to the successful involvement of seniors.  
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Abstract. This paper reports on observations and discussions conducted through a weekly 

technology support service at a residential care facility for senior citizens. The intention with 

the fieldwork was to get a better understanding of the knowledge and relations seniors, living 

in smart homes, have with modern digital technologies. The findings are presented in the form 

of two vignettes and analysed through the lens of actor-network theory. The analysis shows 

how the use of technology is immersed in a web of socio-technical relations. It also shows 

that these relations contribute to dynamically enable or disable actors in a variety of ways. 

The contribution of this work is to give some reflections on how socio-technical structures 

affect the character of ability and disability, and the implications this has for the design of 

welfare technology.  

 

1 Introduction  

There is increasing interest in the development and use of welfare technology to meet future 

demographic challenges. The Norwegian Directorate of Health lists eight main reasons for 

investing in research and development of welfare technology: (1) to help individuals manage 

their own life and health, on their own terms; (2) to allow people with needs for health and 

care services to stay longer in their own homes before moving into care homes; (3) to 

contribute to the goal of a universally accessible society by 2025; (4) to improve the quality 

and flexibility of care services, and increase job satisfaction; (5) to contribute to innovation 

within health and care services and create new areas for cooperation; (6) to contribute to 

innovation and better cooperation between public and private welfare providers and actors; 

(7) to generate public and private value and develop domestic and export-oriented industries; 

and (8) to generate positive socio-economic effects (The Norwegian Directorate of Health, 

2012).  

This paper reports on some initial exploratory fieldwork into senior citizens' knowledge 

and use of modern digital technologies (e.g. computers, mobile phones, tablets, email, 

internet, etc.). A weekly technology support (hereafter TS) service for senior citizens has been 

organized, with the intention of learning more about seniors' experiences with technologies 

currently available to them. This provided an opportunity to observe seniors using, or 

attempting to use, existing digital technologies, and to talk with them about their 

understandings and perspectives on the use of those technologies. The fieldwork has been 

ethnographic in nature and informs further research related to the design of welfare 

technology for senior citizens. This paper reports on some of the experiences gained through 
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this fieldwork and uses Actor-Network Theory (ANT) as an analytical lens for discussing 

how different socio-technical arrangements can affect the agency of senior citizens.  

ANT provides a range of different concepts and perspectives that are well suited for 

analysis of socio-technical relations. It is a powerful tool for those who want to explore the 

interplay between society, technology, and design (Storni et al., 2014). In Storni (2009), ANT 

perspectives are used to explore the user/designer relationship in terms of open and closed 

product designs. It is argued that the design of artefacts, through multiple socio-technical 

entanglements, becomes an act of defining and reconfiguring individual and collective 

agencies. Similarly, Woodhouse and Patton (2004) argue that professional designers, despite 

being in control of their own design work, are entangled in larger social contexts and 

incentive structures that, although being far removed from the design process, may have a 

significant effect on the materiality and agency of the designed artefact. Thus, the designer is 

not the sole master and creator the designed artefact: "social norms, values, and assumptions 

are reproduced - often unintentionally - in the products of design" (Woodhouse and Patton, 

2004, p.2). The A.Telier group, in their book Design Things, reflects on the socio-technical 

relations that influence the design process and its outcomes (Telier et al., 2011). In their view, 

humans and artefacts are all design materials that in different ways are negotiated, aligned, 

and incorporated into design projects, and thus have an impact on the outcome of the design 

process (MIT Press, 2011). Aanestad (2003) uses ANT to show that the introduction of 

telemedicine technology into surgery becomes a process of alignment and negotiation of 

diverse and conflicting interests. She argues that the camera becomes an actor that, through its 

socio-technical presence, affects and reconfigures the existing work practices. Finally, Law 

and Moser (1999) uses ANT to show how the specificities of the different networks of 

materials that actors are engaged with in their everyday lives contribute to dynamically enable 

and disable them in a variety of ways. This paper draws on Law and Moser’s conception of 

dis/ability to explore how socio-technical materials and structures can contribute to translate 

senior citizens as incompetent, or even disabled, despite the fact that they are still fully 

capable of living their lives as they have always done. It concludes with some reflections 

regarding how we approach the project of providing welfare for senior citizens through 

technology design. 

 

2 Case and method 

2.1 Case 

Care+ facility. Care+ is a new service concept offered by Oslo Municipality in an attempt to 

develop technology-assisted and less labour-intensive models for elderly care. It is aimed at 

seniors who are largely able to take care of themselves, but who have a need for more safety, 

activity, and social interaction in their daily lives. The main aim is to enable the residents to 

maintain or re-establish normal self-care activities within the confines of their own homes and 

local communities (Kirkens Bymisjon, 2014). 

Kampen Care+ provides the setting for the empirical work described in this paper. It is an 

independent living facility with 91 apartments and communal areas where seniors can live 
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their normal lives. The facility provides a range of services, such as different kinds of cultural 

and social activities, a library, a gym, and a café. The facility is taking part in a two-year pilot 

project on welfare technology, and all apartments are equipped with a pre-selected collection 

of welfare- and smart house technologies that are meant to provide comfort and security for 

its residents. The technologies include motion-activated lights, electronic stove guards, 

personal alarms, and personal tablet computers for each resident. The tablets provide different 

communication services, activity calendars, photo browser, and other service functions. 

Additionally, there are six computers located in the library, which the residents are free to use. 

The facility is minimally staffed (1-3 people) 24 hours a day, seven days a week, providing an 

added level of safety and availability of human assistance when needed. 

Motivation. There were two main motivations for conducting a tech support service for 

the residents at Kampen Care+. First, it was motivated by a simple curiosity about how 

seniors relate to and use common digital technologies. The second motivation is more 

complex but was based on the idea that seniors, on an individual level, are not particularly 

interested in using technologies for 'old people'. Seniors are individuals like everyone else, 

and they want the freedom to choose technologies that make sense to their lives and allow 

them to be who they want to be. And unless the technologies do so, they simply will not be 

used.  

The manager of the facility was thrilled to hear about the idea of conducting a TS service 

for the residents. She said that the staff was repeatedly getting requests for help with different 

kinds of technology, which they neither had the time nor the necessary competence to deal 

with. She was happy to distribute information about the service to the residents 

2.2 Method 

Participants. The TS service was set up as a voluntary service for the residents at the facility. 

Once a week, a volunteer researcher was available to help with any questions or problems the 

residents had with different kinds of technology. However, the nature of this service 

precluded acquiring informed consent from the residents to take part in research activities. It 

would not be fair to exclude residents from the TS service simply because they were 

unwilling to take part in research. Thus, it was decided that the service would not be 

conducted as a normal research activity. Instead, all participants were informed of and 

accepted the researcher's intentions of learning more about their knowledge and use of digital 

technologies. However, because they were not required to give informed consent to take part 

in research, the researcher would not be allowed to take notes pertaining to individuals. 

Nevertheless, permission was given to make general observations about participants' 

knowledge and use of technology. This was clarified and approved by the national authority 

on privacy and data protection in research involving human subjects: Norsk 

Sammfunsvitenskapelig Datatjeneste (NSD).  

Observation. The participants of the TS service have been observed while using, or 

attempting to use, different technologies and devices. They have been questioned in order to 

understand the problems or challenges they experience, and to find appropriate solutions. In 

many cases, the researcher has also been invited into the homes of the participants in order to 

address their problems. This has led to informal conversations about their use of technology, 
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as well as other everyday experiences and practices, contact with friends and relatives, and 

any other subjects the residents may have wanted to talk about. Given the personal nature of 

these sessions and the lack of informed consent, it has not been possible to take notes during 

these sessions. Instead, the focus has been on being present and attentive in the conversations 

with the residents. After the sessions, some general notes have been made without tying them 

to specific residents.  

Ethnographic vignettes. Given the restrictions on data collection relating to individual 

residents, it is not possible to relay actual user stories in this paper. Instead, ethnographic 

vignettes are used in order to illustrate the experiences that the residents have, and the 

challenges they face, when trying to use digital technologies. Ethnographic vignettes are short 

narratives that "are used as a way of distilling the results of ethnographic fieldwork" (Wright 

and McCarthy, 2008, p.642). They describe a person, doing something, in a certain setting, 

and are meant to give the reader a first-hand feel for the given experience (McCarthy and 

Wright, 2005). 

 

3 Theoretical lens 

Actor-Network Theory is used as a theoretical lens for analysing the interactions and relations 

the elderly residents have with technology. ANT is concerned with socio-technical power 

relations and mechanisms that determine the nature of specific social orders (Law, 1992). 

Central questions include: How is it that the current state of affairs came to be? How is it 

maintained? How, and by what mechanisms does it change?  

One of the defining features of ANT is its understanding of agency and actors / agents. 

Agency is not seen as something that is inherent to the actor, but rather as an effect caused by 

the sum of influences that are brought to bear on the actor by the environment and society at 

any given moment (Law, 1992). Thus, agency is seen as dynamic and in a constant state of 

flux, always contingent on both external and internal processes, and never final. It manifests 

itself through the interaction with networks of heterogeneous materials, such as people, 

organizations, ideas, and 'things'. An actor is who s/he is as a result of the interaction between 

his/her body and the society s/he lives in.  

Furthermore, agency is not a privilege reserved for humans. Things, ideas, organizations, 

and all the materials of our physical and metaphysical existence are also produced and 

reproduced through the interaction with networks of heterogeneous materials (Latour, 2007; 

Law, 1992). A box can be a container, a pedestal, an altar, a coffin, and so on, and it is its 

relation to, and interaction with, other materials that define its identity and purpose. The 

physical characteristics of a box may allow it to contain things, but it does not become a 

container before there exists external objects that it can contain. Likewise, the box does not 

become an altar until it is decorated with religious symbols and artefacts and incorporated into 

religious practice through worship and prayer. In both cases, the box is given an identity 

through its relation to other materials and practices, and, reciprocally, this relational identity 

also imbues the box with an agency to redefine or rearrange the socio-technical structure that 

it is a part of. 
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The concept of translation is closely related to the notion of agency in actor-network 

theory. Translation refers to the ordering forces and strategies of networks of heterogeneous 

materials, and the power struggles and resistances to change that are continually and 

recursively generating and reproducing order and structure in society (Law, 1992). Actors are 

given social existence through their relation to, and interaction with, their surroundings. This 

is not to say that their identity is predetermined by the environment, but rather that there is a 

constant struggle to interpret and structure the agent according to the forces and strategies 

existing internally in the actor and externally in the environment. For example, an African-

American expatriate living in Paris admits to experiencing new dimensions and perspectives 

regarding race and identity after living in Paris for a while:  

I'm not sure what it is. All I know is that it feels very different to be around French white 

people than American white people. […] I feel much more comfortable. I feel that I'm not 

a black object. […] It's not just that we feel free of the burden of race, because we are still 

black. I still experience myself as black. It's just that that's not like the centre of my 

identity. It's not the first thing people relate to when I meet them here. (Glass, 2000) 

So the networks of materials and social relations that she encounters in France contribute to 

translating her identity, as well as white people into something else than what she is used to in 

the US. Furthermore, it gives her an understanding that what she has learnt about race and 

identity through her distinctly American upbringing is not universal. It is a situated and local 

translation of racial relations. There are vast arrays of contingencies that have contributed to 

the status quo of race relations in USA, as well as in France, and their diverging coexistence 

highlights the fact that it could have been otherwise. From an ANT perspective it is 

interesting to explore how the specificities of the networks of materials contribute to the 

instantiate specific, local translations of actors. 

Law and Moser (1999) focuses on how material specificities of objects and entities define 

and affect the character of dis/ability (the term dis/ability is used to denote both ability and 

disability, underlining the dynamic and inter-relating nature of the two terms). They argue that 

dis/ability is not a property or characteristic inherent in individuals, but rather an emergent 

effect of the interaction between the material specificities of their bodies and their 

surroundings. Thus, individuals are dynamically abled and disabled in millions of ways, 

depending on the specificities of the networks of heterogeneous materials they are engaged in 

(Law and Moser, 1999).  

The following section presents two cases that illustrate some of the relations and 

interactions the elderly residents at Kampen Care+ have with technology. Next, concepts of 

agency, networks of heterogeneous materials, translation, and specificities are used to analyse 

and explore some enabling and disabling effects of socio-technical relations involving elderly 

people. The analysis shows that technologies in themselves do not enable or disable people 

but that their interaction with other heterogeneous materials in local contexts will determine 

their (dis)abling effects. 
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4 Vignettes 

The following two vignettes describe situations where residents are being assisted in the use 

of different digital technologies by a volunteering researcher named Peter. The first takes 

place in the library, where Peter assists Kari in logging into her email account on one of the 

computers. The second vignette is set in Ola's bedroom, where his computer and printer are 

set up on his desk.  

4.1 Computers in the library 

Kari is an 87-year-old retired nurse. She suffers from mild arthritis and struggles a little with 

fine-tuned hand movements, but is otherwise healthy. She used computers daily in her job as 

an accountant before she retired, but she has not owned a computer herself and has not been 

able to keep up with the development over the last 20 years. She does have an email account 

that her grandson has set up for her, but she rarely uses it. 

Kari wants to check her email to see if she has received some pictures of her new-born 

great-grandson, which her grandson has sent. She sits down by one of the computers in the 

library and carefully surveys the equipment in front of her. Peter is standing beside her, 

observing. The computer monitor is black and does not give any indication of how to get it 

started. Kari tries to press a button on the keyboard, but nothing happens. She tries to wiggle 

the mouse, but still no response. There is a button in the bottom right corner of the monitor, 

with a yellow light beside it. Kari hesitantly presses the button. The light turns green and the 

monitor seems to wake to life. However, after a few seconds, the monitor displays a message, 

in English, indicating that the monitor has not detected any input signal. Kari does not 

understand what this means and worries that she might have broken the computer. She looks 

around in bewilderment, trying to figure out what she has done wrong. There is a sticker on 

the frame of the monitor with a computer name (e.g. COM06) and a login password (e.g. 

PASSwrd06). She tries to enter the password on the keyboard, but nothing happens. Finally, 

she asks Peter for help. To him, the source of the problem is quite obvious. The computer, 

standing beside the monitor, is not turned on.  

After the computer has been started, it displays a login screen prompting the user to enter a 

computer name and a password. Kari tries to enter the computer name from the sticker on the 

monitor, but no text is appearing in the computer name field. Peter instructs her to use the 

mouse to activate the computer name field by clicking on it. As Kari puts her hand on the 

mouse and starts to move it, the mouse pointer appears and quickly darts across the screen 

before she can shift her attention from the mouse to the screen. Looking bewildered at the 

screen, Kari struggles to understand what to do. Peter explains that she needs to move the 

mouse while looking at the screen to see where the mouse pointer is. After some trial and 

error, she finally manages to coerce the pointer to hover over the computer name input field. 

She is instructed to press the left mouse button to activate the field. Kari looks at the mouse, 

moves her index finger over the left mouse button, and clicks it. As she does so, the mouse 

moves slightly, and the pointer jerks away from the input field before the click is registered. 

She tries to move the pointer back over the input field, but the mouse is so sensitive that the 

slightest movement makes the pointer jump across the screen. Nevertheless, Kari persists and 
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manages to get the pointer in the right spot. Again, in order to click the button, Kari turns her 

attention to the mouse. She moves her finger over the button, but accidentally touches the 

mouse before pressing the button, and the pointer moves away from the input field.  

This process repeats several times before she finally manages to activate the input field. 

She then turns her attention to the keyboard and starts to enter “co” before Peter stops her and 

points out that she is entering lower-case letters. He shows her how to enter uppercase letters 

by holding down the “shift”-button. Following the instructions, Kari enters “COMO&”. 

Again, Peter stops her and explains that she must release the “shift”-button when entering the 

numbers, and that the second “circle” in the computer name is the number “0” (zero), not the 

letter “O”. Finally, she manages to enter “COM06”. She now has to activate the password 

input field with the mouse. Kari again struggles to control the mouse, but after several 

attempts she succeeds and turns her attention back to the keyboard. She enters 

“PPASSWRD06” and looks at the input field to verify that the input was correct. However, 

the entry is displayed as a series of dots (as passwords always are), making it impossible for 

her to see that she has entered one “P” too much, and that the letters “wrd” were entered in 

uppercase instead of the correct lowercase. Fortunately, Peter saw the mistakes and instructs 

her to try again. Finally, she manages to enter the correct password. She presses the enter key, 

the screen reloads, and she is immediately confronted with the same input fields, with her 

entries removed, and a message saying that the computer was unable to log on.  

Kari and Peter have by now spent more than 15 minutes trying to log on to the computer, 

to no avail. They go through the process once more, taking extra care to ensure that all entries 

are correct. Nevertheless, the computer returns the same message. Finally, Peter tries to do it 

himself in order to be absolutely sure that the entries are correct, but the computer refuses to 

log on, without giving any indication of what is wrong.   

As it turns out, the computers are not running local operating systems. Instead, they are 

serving access to virtual machines (VMs) that are running remotely on the organization’s 

servers. This system is serving virtual machines to the entire organization, at multiple sites 

across the city, and is used both by staff and residents. The system has a limited number of 

virtual machines available for residents at any time, and if all allocated VMs are in use, it 

becomes impossible to start additional ones. However, the system has no way of indicating to 

the user if there are any available machines, thus making it impossible for the users to know if 

their inability to log on is caused by their own erroneous entries, or if it is simply due to the 

fact that there are no available VMs. Furthermore, it is practically impossible to explain this 

situation to the residents as their knowledge of and interest in computers simply is not 

sufficient to grasp the concept of virtual machines running on remote servers.  

4.2 Personal devices 

Ola is an 85-year-old retired carpenter. He has amputated his left leg at the hip and uses a 

wheelchair. He is not very familiar with modern technologies but does have a smartphone, a 

laptop, and a printer, that he mostly uses to pay bills and print pictures. He also has an email 

account that he rarely uses. 

  



IRIS: Selected Papers of the IRIS. Nr 5: 149-160, 2014© AIS – IRIS The Scandinavian 

chapter of the AIS, ISSN 2387-3353 Published online 2 December 2014. 

156 

 

Ola likes to work with his hands and his hobby is wood carving. He uses his smartphone to 

take pictures that he can use as inspirational templates for his carvings. His granddaughter has 

helped him establish a cloud storage account that he can use to sync pictures between his 

smartphone and his computer, and then print the pictures on his printer. But the pictures he 

has taken recently do not show up in his synced folder on the computer. He asks for help to 

figure out what the problem is. Peter opens the cloud service app on his smartphone, select the 

settings icon, and quickly identify the problem: The camera upload option is set to off. Peter 

explains this to him and turns it back on. They now turn their attention to the computer to see 

if the latest pictures show up in the folder on the computer. After a short while, the pictures 

start showing up. Ola is delighted. He now has an effortless system for transferring and 

printing pictures from his smartphone. He thanks Peter for the help and underlines that he 

would not have been able to figure this out on his own.  

The following section discusses how Kari and Ola's stories, in light of actor-network 

theory, illustrate the (dis)abling effects of socio-technical structures and materials.  

5 Discussion  

It should be quite clear from the stories in the previous section that technology use is 

entangled in a web of social and material structures and strategies.  

In Kari's case, her ability to access the pictures of her great-grandson is influenced and 

regulated by a wide variety of actors. First of all, Kari's need to use the computer is 

determined by her grandson's decision to send her the pictures by email. After all, he could 

have ordered physical prints of the pictures from a print shop and sent them to her by mail, 

which has been the de facto way of sharing pictures for most of Kari's life. If he had done so, 

Kari would have no problem in accessing the pictures. She would be able and competent. 

However, this solution would demand more time, money, and effort from her grandson. And, 

to be fair to him, hardly anyone produces physical prints of their pictures anymore. The 

normal way of sharing pictures today is through some kind of digital media. So, already 

before the pictures have been sent, Kari's ability to access them is influenced by socio-

technical norms dictating how pictures are normally shared. 

Second, Kari's access to the computers in the library is enabled by her status as a resident 

at Kampen Care+. It is her relationship to the building, and the organization and community 

within it, that defines her as a legitimate user of the computers. She is able, in the sense that 

she can access the computers, and is allowed to use them.  

Third, the computer is in itself a network of socio-technical materials. It is comprised of a 

monitor screen, a keyboard, a mouse, and the computer itself. It also has an internet 

connection, which connects it to a vast range of other socio-technical arrangements and 

materials that completely transforms the significance of what it means to have access to a 

computer. As such, it is an enabling and transformative technology; a provider of agency. By 

attempting to use the computer, Kari is also attempting to maintain an image of herself as 

competent and able. It is a strategy of translation and empowerment. However, the material 

specificities of the networks of heterogeneous materials resists the translation that Kari is 

attempting: Her fine motor skills struggle with the sensitivity of the mouse; the layout of the 
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keyboard and the interactional conventions and practices inscribed in it confuses her; the 

visual representations on-screen, and concepts like account, username, password, login, 

window, etc. are foreign to her. Nevertheless, despite the resistances, she manages to perform 

all the necessary tasks to log into the computer. Admittedly, Kari probably would not have 

gotten all the steps right without Peter's guidance, but this only highlights the fact that he is 

now a part of the socio-technical landscape that Kari is attempting to navigate. 

Finally, it is the resources, strategies and practices of the organization that owns and runs 

the facility that prevents Kari to log in. The configuration and administration of the IT 

resources, and its use within the larger organization, weaves a web of socio-technical relations 

that invisibly affects Kari’s agency and ability, and indeed Peter's agency to use the 

computers. They are both translated as incompetent and unable. They are both disabled by 

networks of heterogeneous materials.  

Ola’s story also illustrates the (dis)abling effects of networks of heterogeneous materials. 

His granddaughter represents a technology savvy generation with a range of different socio-

technical practices and norms, and it is Ola’s relation to her that has resulted in the 

configurations of technological materials that make up Ola’s system.  

The different devices he uses are all commercial products. They are widely used in society 

at large, both in private and professional contexts, and most people are familiar with how to 

use them. Thus, although Ola himself is not very familiar with these technologies, he has 

access to friends, relatives, and volunteers like Peter, who have the necessary competencies to 

help Ola. Moreover, there is a vast trove of knowledge and resources on the internet regarding 

the use of these products. Although Ola is not able to take full advantage of these resources 

himself, he still benefits from access to them through his relation to other technology-

competent individuals.  

Furthermore, Ola is the owner of the devices he is using, and this puts him in a position to 

decide and control how they are configured. In computer jargon, he has administrator 

privileges. In themselves, these privileges are of no use to Ola, because he does not know how 

to take advantage of them. However, combined with his relations to his granddaughter, Peter, 

and many other computer-literate people, Ola is given agency to control how the devices are 

configured. Unlike Kari, whose agency was at the mercy of the strategies and practices of the 

organization that runs the facility, Ola has absolute powers over the technologies (at least 

insofar as the devices allow user configuration). The networks of heterogeneous materials 

combine to give him agency and ability to configure the technologies according to his needs. 

Finally, once the system has been configured, very little effort is needed from Ola in order 

to produce templates for his wood carvings. The pictures are automatically transferred to the 

computer, and it only takes a few operations with the mouse to send them to the printer. Thus, 

the interplay between Ola, his relatives, friends, and acquaintances, and the technologies that 

comprise his system, combine to translate Ola as competent and able.  

The vignettes also show that Peter's ability to help Kari and Ola is similarly affected by the 

same networks of heterogeneous materials. In Kari's case, Peter was able to help Kari 

understand how to turn on the computer, and to guide her in how to use the different input and 

output devices. These are all common technologies that Peter has extensive experience with, 

and he is more than qualified to help Kari log into her email account. Nevertheless, like Kari, 

Peter is disabled by the invisible organisational strategies and practices. He is powerless to 
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help Kari accomplish her goal. In Ola's case, on the other hand, Peter is fully able to help with 

his problem. He is familiar with the technologies Ola is using, and he has full access to make 

adjustments to Ola´s system because Ola has administrator privileges.    

5.1 (Dis)abling powers of technology 

In the Norwegian Directorate of Health's list of reasons for investing in research and 

development of welfare technology (see Introduction), the two first reasons are concerned 

with helping individuals manage their own life and health, on their own terms, and allowing 

people with needs for care services to stay in their own homes for longer. These reasons have 

a strong focus on agency, ability and mastery, and seek to empower individuals through the 

use of technology. However, as we can see from Kari’s story, technology is not inherently 

enabling and does not provide agency or welfare on its own. Technology use is entangled in a 

web of actors, materials and practices. It is how the technology fits within this larger network 

that determines its enabling or disabling effects. The decision to provide the residents at 

Kampen Care+ with access to internet-connected computers was based on a conviction that 

this would be beneficial for them. However, it is difficult to see how the computer system has 

provided a benefit to Kari. If anything, her experiences with the system have reinforced her 

fears and insecurities regarding computers, and may actually have contributed to reducing her 

motivation to use them in the future.  

The computers were clearly not set up with Kari’s, or any other residents’ needs in mind. 

The sensitivity of the mouse makes it very difficult to manipulate for anyone with reduced 

hand-dexterity; there are no explanations or guides for how to log on and use the system; 

there are no organized initiatives to teach the residents to use the computers; and there are no 

IT-department or support personnel available to provide assistance or answer any questions 

the residents may have. The computers are just there, available, but not enabling the residents 

in any way.  

In Ola’s case, on the other hand, his system was set up for him personally by someone who 

knows him well and has an intimate understanding of his needs and abilities. It was designed 

with the specific purpose of enabling him to practice his wood carving hobby, and hardly 

requires Ola to interact with it at all.  

5.2 Human assistance 

Another insight that has crystallized through this fieldwork has been the importance of human 

assistance. Ola’s system was set up by a person in his immediate family, who knew what 

mattered to him, using off-the-shelf technology. Many seniors are curious and want to learn 

how to use modern technologies, but they do not have enough confidence in their own 

knowledge and abilities to start using unfamiliar technologies. Having access to someone who 

can guide and assist makes the task less daunting. Furthermore, technologies break down or 

behave unexpectedly at times, and unless there are competent people available to answer 

questions and solve technical problems, trust and confidence in the technology will quickly 

erode and users will stop using it. As a case in point, the computers in the library at Kampen 

Care+ are, at the time of this writing, collecting dust. Hardly any of the residents use them 
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because their previous experiences have been so frustrating, and they do not have access to 

anyone who can solve the problem. To be clear, the IT-department has been made aware of 

the situation and has promised to find an agreeable solution to the problem. Nevertheless, this 

situation highlights how important it is to have access to competent human assistance in order 

for the technology to be of any practical benefit. At Kampen Care+, the residents do not have 

access to the IT-department and must ask the staff for help. The staff does not have the time 

or the skills to help, and unless they get a good description of the problem from the residents 

they cannot describe the problem to the IT-department. Thus, problems often remain 

unaddressed. 

Furthermore, a person providing assistance needs to have the necessary knowledge and 

administrator privileges to alter the configuration according to the user's preferences. Peter 

was not in a position to help Kari because he was not familiar with how the underlying system 

was configured, nor did he have access to make even slight local adjustments (e.g. reduce the 

sensitivity of the mouse). In Ola's case, this was not a problem because he was the owner of 

the technologies he used and was thus in a position to enable Peter to help him.  

6 Conclusion 

This paper reported on ethnographically inspired fieldwork related to a technology support 

service for senior citizens. The motivation for the fieldwork, on one hand, was to investigate 

how senior citizens relate to and use common digital technologies. On the other hand, it was 

to inform further research into the design of welfare technology for senior citizens. Two 

ethnographic vignettes have been used to illustrate and highlight some of the observations and 

experiences gained through this fieldwork. The vignettes have been analysed through the lens 

of Actor-Network Theory, and the analysis explicates how technology use is immersed in a 

web of socio-technical relations that dynamically affect the agency and ability of the actors 

involved.  

Given the increasing interest in research and development of welfare technology for the 

growing elderly population, it is crucial to understand the enabling and disabling effects of 

technology use in real world contexts. It is also very important to critically examine our 

assumptions and predictions regarding the enabling power of technology.  

The technologies used by Kari and Ola are not welfare technologies. They are common 

technologies that are used in society at large. Nevertheless, the vignettes illustrate two 

important lessons that are relevant for the design of welfare technology for senior citizens: 

First, the enabling power of technology lies in its appropriate introduction into an existing 

network of socio-technical materials and practices. The determining factor for successful 

introduction of technology lies in how it enables people to do what they want to do and be 

who they want to be. Second, senior citizens are relatively unfamiliar with modern digital 

technologies and many need guidance in order to find the technologies that are useful and 

meaningful to them. They also need to learn how to use different technologies, and to know 

what to do when they break down. It is crucial that we, as a society, in our quest to develop 

new welfare technologies for seniors, do not forget to provide the necessary human help and 

support to ensure that the efforts are successful.  
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Abstract

Elderly people are encouraged to exercise regularly to maintain good health and avoid or 
slow down the progression of age-related health challenges such as Alzheimer’s disease (AD). 
Despite this, many seniors struggle to  nd the motivation to adhere to exercise programmes 
over time. In this qualitative, research-through-design study an interactive music system was 
tested with AD patients. The purpose was to explore how dynamically adapting musical beat 
and rhythm can be used to stimulate and motivate physical activity. The system changes the 
tempo of a piece of music to match the pace of repetitive bodily movements. Findings show that 
most participants were able to entrain and synchronise to each other’s movements through use 
of the system. Several participants also commented that they enjoyed the experience. Finally, 
the addition of an interface with nature photos and visual performance and progress indica-
tors suggested possible ways for the system to be redesigned to suit the needs and desires of 
the participants.

Introduction

The population of Norway is aging as the ‘baby boom’ generation born in the years 
after World War II is now starting to reach retirement. Many of these people are 
expected to live for decades more, well into their nineties or beyond, and it is pro-
jected that there will be a signi  cant rise in health challenges associated with very 
old age. For example, at 65 years one per cent of the population develops demen-
tia, while at 90 years over 50 per cent of the Norwegian population suffers from 
dementia (Bahr, 2009). Furthermore, dementia may lead to other health challenges 
related to lack of physical exercise and social isolation, and may thus contribute to 
a downward spiral of declining health and ultimately early death (The Norwegian 
Directorate of Health, 2011). 
 There is an abundance of research to indicate that physical activity and exercise 
can postpone the onset of dementia as well as slow down the progression and alle-
viate the symptoms of the disease (Hamer & Chida, 2009; Heyn et al., 2004; Larson et 
al., 2006). In a randomised, controlled trial Rolland et al. (2007) found that, compared 
to normal medical care, a simple exercise programme performed for one hour twice 
a week contributed to a signi  cantly slower decline in the ADL (activities of daily 
living) score of Alzheimer’s disease (AD) patients living in a nursing home. How-
ever, recommendations regarding the optimal type and amount of exercise remain 
unclear (Hamer & Chida, 2009). Nevertheless, any exercise or physical activity is 
better than inactivity. It is, therefore, crucial to  nd diverse approaches to motivate 
elderly people to exercise and stay active.
 Music is a promising avenue to explore in this regard. It is extensively used in 
a variety of exercise activities and has been shown to increase levels of participa-



– 6 –

 SoundEffects | vol. 6 | no. 1 | 2016

 issn 1904-500X

Rosseland: Design and evaluation of an interactive music ...

tion in group exercise for people with dementia (Mathews et al., 2001). The study 
reported in this paper explores interpersonal synchrony and entrainment between 
two participants with AD, aided by an interactive system that synchronises the 
musical tempo and the tempo of the users’ movements. The purpose of this study 
was to understand whether people with early-stage AD can entrain to each other’s 
movement tempos through the use of an interactive music system and to explore 
how adaptive rhythmic stimulation with music can be an enjoyable and fun aug-
mentation of repetitive physical exercise. Findings indicate that the idea behind the 
system has some merit as a motivator for physical activity among seniors with AD. 
Further research is needed to explore how it can be designed to become a meaning-
ful and natural part of senior citizens’ physical activity routines. 
 The paper is structured as follows: The next section describes relevant back-
ground research into music therapy and entrainment. Second, the research method 
and epistemology of the project are presented. Third, a description of the prototype 
design and functionality is given, before the evaluation setting, test protocol and 
data collection methods are outlined. Finally, the  ndings are presented, followed 
by the discussion and conclusion.

Background

Music therapy is increasingly recognised as a viable, non-invasive tool for the treat-
ment of dementia patients. Research indicates a positive effect of music therapy on a 
range of issues associated with dementia, such as behaviour and mood (McDermott 
et al., 2013; Svansdottir & Snaedal, 2006), anxiety and depression (Guétin et al., 2009), 
cognitive abilities (Winckel et al., 2004), short-term memory, speech and quality of 
life (Aldridge, 1994). However, according to a review of 10 randomly controlled trials 
(RCT) reporting clinical effects of music therapy, the evidence is inconclusive and 
mostly based on small, short-term trials with limited methodological quality (Vink 
et al., 2003). There is also a lack of long-term studies, and it is dif  cult to establish 
appropriate and reliable outcome measures to evaluate the effects of music ther-
apy (McDermott et al., 2013). Nevertheless, large RCTs may not be the right method 
for documenting the effects of music therapy on dementia patients: ‘[P]rovisions of 
double blinding to treatment or placebo condition are not always practically possi-
ble or ethically suitable’ (McDermott et al., 2013, p. 781). Based on personal experi-
ence, and existing literature, Kvamme (2008) rejects RCTs as a method for evaluating 
music therapy with dementia patients. She concurs with Ridder (2005) that ‘music 
therapy has positive effects on communicative, physiological, cognitive and social 
abilities in people with dementia’ (Kvamme, 2008, p. 493, my translation). Magee and 
Burland (2008) also point out that there is a growing demand for electronic music 
technologies that can be used in clinical music therapy practice.
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There are two basic forms of music therapy: receptive and active. Receptive music 
therapy is based on passive listening to pre-recorded music, while active music 
therapy relies on the use of instruments and active participation in music-making 
together with a therapist (McDermott et al., 2013). 
 Outside of music therapy there is a wealth of evidence to indicate that music can 
be employed in the promotion of health, well-being and quality of life. In an explor-
atory study of 22 people with long-term illness, Batt-Rawden and Tellnes (2011) 
found that a compilation of self-selected songs helped motivate participants to exer-
cise, relieved anger and aggression and transcended pain to the extent that they 
used the music as a substitute for medication. Rhythmic auditory stimulation (RAS) 
is a rehabilitation method particularly used with Parkinson’s and stroke patients 
(Leow et al., 2015; Ruotsalainen, 2013; Thaut et al., 1996). As the name suggests, RAS 
employs rhythmic auditory stimuli in the form of a metronome or rhythmic music 
to cue and guide repetitive movements and exercise (e.g. walking or moving a limb). 
Similar to research on music therapy, outcome effects of RAS vary across individuals 
and studies, but this may partially be because the stimuli used are rarely adapted to 
individual preferences. It has been shown that familiar music elicits better tempo 
matching and faster strides than unfamiliar music (Leow et al., 2015). Also, high-
groove music and metronome cues lead to better synchronisation than low-groove 
music, where the beat pulse is less salient (Leow et al., 2014; Madison et al., 2011). 
Mathews et al. (2001) found that rhythmic music increased participation in group 
exercise activities for dementia patients. However, the effect varied between partic-
ipants according to their willingness to participate in social activities.
 The concept of entrainment is closely related to RAS. Moens and Leman (2015, p. 
86) de  ne entrainment as ‘the gradual fall into synchronism of two rhythms, such 
as when a locomotion pattern gradually falls into synchronization with a musi-
cal pattern’. On a more abstract level, humans show tendencies to interpersonal 
synchrony from birth, and we develop and use these abilities in social interactions 
throughout our lives (Gill, 2012). Moving in sync with another person is associated 
with positive emotional effects, empathy and well-being (Gill, 2012).
 Phase, period and tempo are central terms in the study of entrainment. Phase 
refers to the start of a cyclical process (e.g. the onset of a beat pulse in a rhythm 
or the moment the foot touches the ground during walking). Period refers to the 
duration of one cycle (e.g. the time from one beat to the next or from one step to 
another). Tempo is de  ned by the period and describes how many cycles or periods 
there are in a unit of time (e.g. beats or steps per minute). Entrainment implies 
that two rhythmical processes incrementally adapt the period of their cycles to 
each other. Synchronisation occurs when both processes have the same period and 
tempo. However, synchronisation can occur in phase or out of phase. In-phase syn-
chronisation implies that the two processes start each cycle at the same time (e.g. 
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beat and footstep coincide in time). Out-of-phase synchronisation describes a sit-
uation where the two processes have the same period and tempo, but the onset of 
each cycle happens at different times (e.g. beat and footstep do not coincide in time).
 Moens et al. (2010) introduced the D-jogger framework for research into entrain-
ment. D-jogger is a music interface that dynamically selects songs based on walking 
pace and adapts the tempo of the music (beats per minute, BPM) to the walking 
pace of the user (steps per minute). Moens et al. (2014) explored different align-
ment strategies for entrainment using D-jogger. They found that users were better 
able to maintain a stable synchronisation with the music than to establish this syn-
chronisation from an out-of-sync starting point (Moens et al., 2014). Accordingly, to 
facilitate synchronisation the prototype tested in this study employed a method for 
establishing phase and period alignment of music and movement at the start of the 
interaction. The prototype was based on the same basic principles as the D-jogger 
system in terms of entraining musical tempo to movement, but it did not automat-
ically select songs based on movement tempo. Also, the prototype differed from 
D-jogger in that it was designed to detect several different movement patterns, and 
to allow multi-user interaction. 

Research method

There is a tension within design research regarding the diverging nature of design 
practice and scienti  c research (Frayling, 1993; Koskinen et al., 2011). Scienti  c 
research is conducted in the pursuit of new knowledge and universal truths, while 
design practice is concerned with the creation of the non-existent and non-univer-
sal (Stolterman, 2008). Researchers study the past and the present world as it exists, 
and attempt to avoid in  uencing the objects of their study. Designers try to imag-
ine and build possible futures by intentionally affecting and changing the present 
world. Research-through-design is a research method that attempts to alleviate the 
tension between design practice and scienti  c research. It employs methods and 
practices from design practice in the pursuit of new knowledge. 

RtD [research-through-design] draws on design’s strength as a re  exive practice of 
continually reinterpreting and reframing a problematic situation through a pro-
cess of making and critiquing artifacts that function as proposed solutions. RtD asks 
researchers to investigate the speculative future, probing on what the world could 
and should be. (Zimmerman & Forlizzi, 2014, pp. 167-168)

This study is part of a research-through-design project that seeks to explore an 
imagined possible future where music is used interactively to engage and motivate 
senior citizens to be more physically active. We initially formulated this possible 
future as the ‘conductor’ concept, which describes a situation where the tempo of 
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repetitive human movement (the conductor) is used to control the tempo of the 
music (the orchestra). It was based on the assumption that music motivates move-
ment, and that moving to musical rhythms is an inherently enjoyable activity. The 
system was envisioned to be used to either musically augment an existing exer-
cise activity (e.g. walking, simple gymnastic exercises, exercise machines, group 
exercise) or to form the basis for new ways of staying physically active. However, to 
understand if and how this imagined possible future can be realised, it was neces-
sary to explore the nature of rhythmic bodily interaction with music. Accordingly, 
an interactive prototype was designed and built to detect the tempo of repetitive 
bodily movements and to adjust the tempo of music to the movement tempo. The 
prototype proved the technical feasibility of the ‘conductor’ concept. Furthermore, 
it con  rmed that the interaction was experientially interesting and warranted fur-
ther exploration (Rosseland, 2014). 
 In this study the system was used to explore interpersonal entrainment between 
two elderly people with mild AD. We hypothesised that the system could help the 
two participants entrain their movements to each other and to synchronise the 
movements at a tempo that was comfortable for both of them. The study also sought 
to understand whether this was an enjoyable experience, and how it could poten-
tially be redesigned to become a meaningful part of the group’s regular activities. 
 The project is epistemologically based in the phenomenology of Maurice Mer-
leau-Ponty, who built his phenomenology of perception on the idea that our knowl-
edge of the world is mediated through and thus predetermined by our bodily 
capacities. He argued that reality is constituted in the encounter between the lived 
body and the physical world, thus reasoning that ‘the body is our general medium 
for having a world’ (Merleau-Ponty & Smith, 1962, p. 146). Embodiment and skills are 
central concepts in this regard. Dreyfus (1996) identi  ed two different understand-
ings of embodiment in Merleau-Ponty’s work. First, the physical capabilities of our 
bodies lay the foundation for our abilities to perceive and relate to the world. Our 
skills and abilities to understand and act upon the world are embodied in the relation 
between the physical capabilities of our bodies and the affordances of the physical 
world. Second, over the span of our lives we experience and learn how to skilfully 
interact with the world. This skill development involves an increasingly intimate 
and embodied understanding of how the world works, an ability to incorporate 
tools into our bodily practices and an agency to act in the world. 
 Phenomenology and embodiment are relevant lenses for discussing the design of 
the ‘conductor’ concept and prototype. First, the moving body is a prerequisite for 
music to exist. Without movement the system does not play any music at all. Fur-
thermore, there is a direct link between the frequency of movement and the tempo 
of the music. As such, the user’s movements are constitutive of the perceived reality 
of the music, while the music reciprocally interferes and in  uences the movements 



– 10 –

 SoundEffects | vol. 6 | no. 1 | 2016

 issn 1904-500X

Rosseland: Design and evaluation of an interactive music ...

of the perceiving user through variations in rhythm and melody. Thus, a mutually 
constituting reality, a perceptual loop, is formed between the moving human and 
the music. Second, the design of the movement patterns (described below) relied 
heavily on movements that would be intimately familiar to any able-bodied person. 
This was done to ensure that the movement patterns would be present in the 
embodied skill repertoire of all senior participants. Also, the movement patterns 
were implemented in a way that was robust enough to allow for a large degree of 
personal variation in the range and style of movement. 

The prototype

The prototype consisted of three main elements: an optical motion sensor (Micro-
soft Kinect), a computer connected to an ampli  ed loudspeaker and a Max1 patch 
implementing the algorithm for matching the musical tempo to the tempo of 
human movements. The Kinect motion sensor uses infrared light to detect human 
bodies and track the position of individual body parts in 3D space. The algorithm in 
the Max patch was designed to monitor a selection of simple repetitive movement 
patterns in the incoming position data from the Kinect, and to detect the tempo 
of those movements. The system would adapt the playback tempo of a pre-selected 
piece of music to match the movement tempo of the user, thereby ensuring that 
the rhythmic pulse of the music coincided with the perceived beat points in the 
movements. In line with the  ndings of Moens et al. (2014), the system was designed 
to establish phase and tempo alignment between the music and the movement at 
the start of the interaction. The user was required to start moving in a comfortable 
tempo before the music started. The system would use the  rst 10 movements to 
determine the tempo and then start the music in phase with the movement. 
 To avoid degrading changes in the pitch of the music, which inevitably occur 
when the speed of playback is changed, the audio output was pitch-shifted reversely 
proportional to the change in playback speed. Thus, the music would play at the 
correct pitch, independent of playback speed. However, the pitch shift algorithm 
was not perfect, and rapid changes in playback speed or signi  cant deviations (> 
approximately 30 per cent) from the normal speed would result in some digital 
noise and artefacts. 
 The system was designed to detect  ve different movement patterns, illustra-
tively named ‘conductor’, ‘arm swing’, ‘torso sway’, ‘knee bend’ and ‘knee lift’. ‘Con-
ductor’ required the user to swing one or both arms (in parallel) horizontally back 
and forth in front of the body. ‘Arm swing’ detected alternating arm swings from 
front to back. The ‘torso sway’ pattern tracked horizontal movements of the upper 
body from side to side. ‘Knee bend’ required the user to perform repetitive knee 
bends in a standing position, and ‘knee lift’ required the user to walk in place by 
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alternately lifting one knee while standing on the other foot. All movement pat-
terns had to be performed in a standing position. 
 The system was not designed speci  cally for AD patients, and there were no phys-
ical therapists involved in the design of the different movement patterns. It was not 
designed as an exercise or music therapy device, but as a prototype for experiential 
exploration of bodily entrainment with pre-recorded music. In addition to being 
within the embodied skill repertoire of senior citizens, the movement patterns 
were designed because they were conceived of as interesting to explore as well as 
realistically achievable with the available technical resources and knowledge. Nev-
ertheless, care and consideration were taken to ensure that the movement patterns 
were easy to perform and did not strain the user.
 For the current study, the system was set up to track two users simultaneously 
in order to explore interpersonal entrainment. The implication of this for the func-
tionality of the prototype was that the music would play at the average tempo of 
both users. If two users moved in synchrony at the regular tempo of the song, the 
song would play at that tempo (speed = 1). If user A reduced the movement tempo 
to half (0.5x), while user B remained constant at 1x, the music would play at 0.75x. If 
user B then doubled the movement tempo (from 1x to 2x), the music would play at 
normal tempo (1x). Accordingly, the tempo of the music would always lie between 
the movement tempos of both users. We hypothesised that this would have an 
interpersonal entrainment effect on the users, because the music would entice the 
slower user to increase the tempo, and vice versa for the faster user.

Evaluation 

The prototype was tested by a group of seniors with early stage AD. The seniors 
were still active and participated in a weekly activity group. The activity group was 
a service provided by a preventive medical centre focussing on nature and culture 
activities as a way to promote health and quality of life. The staff underlined that 
although the elderly were active they were not in a position to give informed consent 
to take part in a study where personal information would be collected. Accordingly, 
it was agreed that no personally identi  able information or health information 
would be collected, and that everything had to be done on the participants’ terms. 
In the remainder of this paper  ctitious names are used to illustrate how the differ-
ent participants performed. 
 The activity group met once a week for four hours, and most of the meetings 
included three to four supervisors and three to six participants. The meetings were 
structured into three main activities: walking on trails in the surrounding coun-
tryside, lunch and socialising, and a sing-along using a compilation of songs chosen 
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by the participants. This organisation provided a familiar and predictable structure 
for the participants. In agreeing to take part in the study the supervisors under-
lined that it was important that using the system would not be too disruptive of 
this routine. 
 In total, there were  ve meetings with the group. The  rst meeting was a pilot 
session to see whether the participants were able to use the system and willing to 
take part in the study. Four supervisors and six elderly participants were present. 
An explanation of how the system worked was given before the system was demon-
strated. Afterwards the participants were invited to try the system one by one, 
while the others watched. They were asked to move in a tempo that was comfort-
able to them. Four participants tested the system using either the ‘conductor’ or the 
‘arm swing’ movement pattern. All four were able to perform the necessary move-
ments to control the tempo of the music, and to sustain a relatively stable tempo. 
Two participants (Per and Marie) played through the songs with only small and 
gradual tempo variations, while the other two were more explorative in their move-
ments. Jens, who quickly got control of the music with  uid and even arm swings, 
tried to challenge the system by suddenly doubling his movement frequency, which 
resulted in a rapid increase in the tempo of the music and ensuing laughter. When 
Jens returned to a normal tempo, the music followed shortly after and stabilised 
at his tempo. Peter also managed to get control of the system quite quickly. After a 
little while, his movements drifted over into dancing and spinning around, leading 
the system to misinterpret his movements, and the music started oscillating wildly. 
Similar to Jens, Peter was also able to stabilise the music by returning to the ‘cor-
rect’ movement pattern. During the session the rest of the group were sitting or 
standing at one end of the small room. Some were clapping or humming and clearly 
enjoying the spectacle. Two participants seemed less interested and did not want to 
try. 
 The participants were asked what they thought of the experience, but Peter was 
the only one to offer a comment. He stated that he did not believe his movements 
could affect the tempo of the song. He reasoned that the song had been recorded 
with a set tempo, and it would be impossible to change this tempo during playback. 
This was surprising because the tempo varied quite signi  cantly during Peter’s ses-
sion. We tried to explain by referring to how it is possible to change the playback 
tempo on a gramophone player, but Peter did not seem entirely convinced. Peter’s 
mental model of pre-recorded music obviously did not accommodate what he had 
just experienced. We also asked the participants to name some favourite songs or 
artists that we could incorporate into the system for upcoming sessions. However, 
despite the fact that they had a book of songs that they sing every week, the partic-
ipants did not make any suggestions. During a later session one of the participants 
was asked about her preferred exercise activities. She responded, ‘I don’t have an 
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opinion. I just do as I’m told’. This reluctance to form own opinions may also have 
contributed to the participants’ hesitation to comment on the experience of using 
the system as well as their music of choice. At any rate, we did not expect them 
to have well-articulated understandings and opinions about the system. We were 
content and pleased by the fact that the participants were able to use the system as 
intended. Accordingly, we considered the pilot test a success and agreed to carry on 
with the study.
 Based on the experiences from this  rst meeting it was decided to conduct the 
tests in a separate room. In this way, two participants could test the system while 
the rest of the group carried on with the regular sing-along activity, as this was less 
disruptive to the normal activity routine of the group and did not lead to partici-
pants sitting idle while others tested the system. It also allowed more control over 
the test environment. 

Test protocol

The test protocol was as follows: The supervisors would ask two participants to 
come to the adjoining room, while the rest of the group started the sing-along ses-
sion. The participants received a brief explanation of how the system worked and 
what they were expected to do. The system was then set up to play a speci  c song 
and to use the ‘arm swing’ movement pattern. The participants were asked to stand 
beside each other facing the Kinect sensor and swing their arms alternately back 
and forth. The tests lasted for the duration of the selected song. After the music had 
stopped, the participants were asked to comment on the experience, before return-
ing to the rest of the group. 
 Songs were selected from the list of songs they sing during the sing-along activity 
to ensure that the music was familiar to the participants. The songs used during 
the tests were ‘Fly Me to the Moon’ by Frank Sinatra and ‘Tango for To’ (‘Tango for 
Two’) by Alf Prøysen (a Norwegian folk singer). Both songs have a tempo of approxi-
mately 120 BPM. However, this tempo gives a single beat period of 500 milliseconds, 
requiring users to perform two arm swings per second to sustain a normal tempo, 
which is unrealistic to expect an elderly person to do continuously for two to three 
minutes. Instead, the system was set up to translate a movement tempo of 60 BPM 
into a music tempo of 120 BPM. Accordingly, to play the song at the normal tempo 
participants were required to perform one movement per second.

Data collection methods

Two different data collection methods were employed: observations and logging of 
system data. The author observed the participants as they used the system, focus-
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sing on facial expressions and body language, and on how they performed the 
movements they were instructed to perform and how well the movements corre-
sponded with the rhythm of the music. Notes were taken from memory after the 
completion of the day’s meeting. During the last meeting an additional researcher 
was present to observe and take notes during the tests. In addition to observations, 
the system recorded the duration of each movement cycle in milliseconds (typically 
in the range 750 to 1,250 milliseconds). The recorded data was used to evaluate the 
consistency of the participants’ movements and how well they were able to entrain 
to each other.

Findings

A total of nine participants used the system one or more times over the course of 
four visits (two months), resulting in a total of 12 paired sessions and three sessions 
with a single participant. Most of the sessions lasted for the duration of the song 
(two to three minutes), but some were stopped short for various reasons. 

 Regarding interpersonal entrainment, the sessions can be divided into three cate-
gories: 

1.  Clear entrainment effect (seven sessions). Both participants were able to meet 
at a common tempo and to sustain a stable music tempo throughout the ses-
sion.

2.  Some entrainment effect (two sessions). Participants were partially able to 
 nd a common tempo, but experienced challenges that resulted in  uctua-

tions in musical tempo.
3.  No entrainment effect (three sessions). Participants were unable to negotiate 

a common tempo. 

In the following paragraphs example sessions of each of these categories are 
described, supported with graphs displaying the movement data from those ses-
sions.

Clear entrainment: Peter and Jens performed very stable and  uid pendulum 
movements with their arms and maintained a music tempo very close to the orig-
inal tempo during the entire song. At one point Jens stopped moving, looked over 
at Peter for a short while, before starting to move again, mirroring Peter’s move-
ments. The rest of the song seemed to go quite effortlessly. None of them spoke a 
word during the session. Figure 1 shows the recorded movement periods for both 
participants (Peter = red, Jens = blue). The x-axis represents movement number, con-
secutively ordered as they were performed. The y-axis represents the movement 
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period in milliseconds of each cycle (‘arm swing’). It is clear that both graphs remain 
very steady around or slightly below 1,000 milliseconds, apart from Jens’ pause that 
lasted for 4,400 milliseconds (the  rst outlier in the blue graph). After the pause we 
see that the blue graph returns to the level of the red graph over the following 10 
movements. Towards the end of the session Jens made another one-second pause, 
which corresponds to a reversal of the movement phase and may have been done 
intentionally to align with Peter’s phase. 

In another session Jens and Marie also achieved clear interpersonal entrainment 
(  gure 2). The system had been set up to store the beat period of the music as it 
changed based on user input, which is the third black graph in  gure 2. It is evident 
that all three graphs follow each other closely, apart from one point in the middle 
where the music slows down momentarily before returning to normal (as indicated 
by the spike in the black graph). The change in music tempo seems to have affected 
Jens to slow down correspondingly (indicated by the spike in the blue graph). 

Some entrainment: Figure 3 shows the data from a session with Per and Jens (blue 
and red graphs, respectively). During the session a clear difference in movement 
pattern was observed. Jens’ movements seemed  uid and controlled, while Per’s 
movements were more asymmetric (i.e. each arm followed different trajectories) 
and less  uid. They were able to maintain a relatively stable music tempo, but with 
 uctuations within a tolerable range. Nevertheless, as the graphs show, there are 

relatively big and irregular  uctuations in consecutive movement periods, particu-
larly in Per’s graph (red).

Figure 1

Figure 2

Figure 3
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No entrainment: In three sessions the participants were unable to synchronise and 
entrain to each other’s movements. However, the inability to entrain was caused by 
either system bugs, incorrect user positioning or a bad shoulder that restricted arm 
movement. 
 There were several indications that the participants enjoyed the activity. For 
example, in some cases participants were observed skipping and dancing back to 
the rest of the group after  nishing a session, as well as humming the melody of 
the music. There were also sessions where the participants either hummed along 
with the melody or attempted to sing the lyrics. When asked what they thought of 
the experience, several participants commented that they thought it was fun. How-
ever, getting them to elaborate further was dif  cult without putting words in their 
mouth. When asked whether this was a silly and nonsensical system, Per protested 
and underlined that he enjoyed the experience. 
 We made some additions to the system for the  nal meeting. During previous 
sessions it was noted that participants seemed a little confused about where to 
look during the sessions. A couple of participants also commented that they did 
not know where to look, which was a very reasonable comment as the participants 
were facing an empty grey wall during the tests, without any form of visual focal 
point. For the last meeting a visual interface was introduced to give the participants 
something to focus on as well as provide a minimum of feedback regarding perfor-
mance and progression. The visual interface (  gure 4) was projected on the wall in 
front of the participants and included:

1.  A slideshow of nature photographs from Jotunheimen National Park.
2.  A counter that counted the number of movements each participant per-

formed.
3.  A pie chart that slowly  lled up to indicate the progression of the song (i.e. a 

slice of a pie chart that grows into a complete circle).
4.  Another (complete) circle to indicate the current tempo of the music. This 

circle was centred on the same point as the pie chart and grew (faster tempo) 
and shrunk (slower tempo) proportional to the speed of the music. 

The intention with the interface was to provide an enjoyable focal point to look at 
as well as to provide the participants with some information regarding their per-
formance. When presented at the last meeting, the interface was very well received, 
and several participants commented that they thought the photos were beautiful. 
It is hard to say whether the visual performance indicators (points two-four above) 
were useful, but comments and questions suggested that at least some of the partic-
ipants were paying attention to them.
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The introduction of the visual interface also sparked an impromptu brainstorming 
session with two of the supervisors. A relevant question that surfaced was whether 
the system could be developed into a virtual walk simulator. We hypothesised that 
it could be used as a substitute for the regular walking activity during the upcom-
ing winter months, when snow and ice would make it challenging and dangerous 
for the participants to walk outside. Sequences of photos could be arranged sequen-
tially to create virtual walks in different environments, accompanied by music. One 
supervisor also asked whether it was possible to play a video and to control the play-
back speed of the video with the same mechanism that controls the music. He was 
thinking of one participant who had a particular interest in extreme sports such 
as mountain climbing and skydiving, and whom he thought might enjoy watching 
videos of such activities through the system. The use of video was brie  y explored 
in an earlier version of the prototype and is certainly technically possible. These 
ideas will be explored further in future work.

Discussion 

It is clear that the system had an entraining effect on the participants. In nine of the 
12 sessions the participants were able to fully or partially entrain and synchronise 
each other’s movements to the tempo of the music. In the remaining three sessions 
entrainment was precluded by technical complications with the system or physical 
challenges of the participants. It is reasonable to assume that a more technically 
robust system would have yielded a higher entrainment effect.
 As recommended by Moens et al. (2014), the system implemented a method for 
facilitating initial synchronisation by ensuring that the music would start playing 
in the same phase and tempo as the users’ movements. When used by a single user, 
this worked remarkably well. The music would start playing at a tempo and beat 
phase that more or less matched that of the user, allowing him or her to continue in 

Figure 4
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approximately the same tempo. However, in this study the system was used to syn-
chronise music tempo to the average tempo of two users. This implied that, unless 
they were already in sync with each other during the  rst 10 movements, the music 
would start playing in a tempo in-between the participants’ tempos. This was inten-
tionally not explained to the participants, as we were interested in seeing how well 
the system and participants were able to entrain and synchronise to a common 
tempo. 
 In most cases, the participants would start their initial movements in a relatively 
similar tempo, in which case the music would start at a tempo close to both par-
ticipants and allow them to synchronise through slight adjustments. However, in a 
few sessions the participants started the initial movements with signi  cant tempo 
differences, which resulted in some confusion when the music started playing at 
a different tempo. This corresponds well with the  ndings of Moens et al. (2014) 
that users were less able to achieve synchronisation with the music from an out-of-
sync starting point. Nevertheless, the participants and system were usually able to 
mutually adapt and synchronise at a common tempo within  ve to 10 seconds. The 
dynamically averaging music tempo had a clear entrainment effect on the partic-
ipants by inviting the faster participant to slow down and the slower participant 
to speed up. The entrainment effect may also have been enhanced by the fact that 
the participants could peripherally see each other’s movements. They were sev-
eral times observed looking sideways at their co-participant before adjusting their 
phase and tempo to match him or her, suggesting that they partially relied on the 
movements of co-participant to set their tempo. 
 Given the lack of recommendations regarding the optimal type and amount 
of exercise for dementia patients as pointed out by Hamer and Chida (2009), it is 
crucial that any exercise programme for dementia patients be tailored by phys-
ical therapists to suit individual needs and capabilities. As there was no physical 
therapist involved in this study, it made sense to focus our design efforts on how 
interaction design could help motivate and facilitate exercise and activity in gen-
eral, without limiting the scope to the needs and abilities of individual patients or 
patient groups. Accordingly, we based the system design on the fact that exercise, 
on a general level, involves repetitive movements. This was conceptually linked to 
qualities of music and rhythm, which also display repetitive characteristics. This 
combined perspective enabled the design of an algorithm that is neither tied to spe-
ci  c movements or exercise scenarios nor to certain songs or types of music. We see 
this as an advantage of the proposed design. It can be adapted by physical therapists 
to a variety of activities that involve repetitive movement, and the user is free to 
choose his or her favourite music which, according to Leow et al. (2015), better facili-
tates tempo matching than unfamiliar music. Thus, the bene  ts of physical exercise 
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can be combined with the bene  ts of music therapy. Furthermore, it can be applied 
to both preventative and rehabilitative exercise scenarios. 
 From an embodied skills perspective, the interactive mechanism does not pre-
scribe bodily skills and abilities of individual users. Rather, it allows the user, in con-
sultation with a physical therapist, to select movement patterns that are familiar 
and suitable to his or her bodily capacities as well as useful as physical activity. The 
prototype provided a selection of  ve simple movement patterns with varying dif-
 culty (‘conductor’, ‘arm swing’, ‘torso sway’, ‘knee bend’ and ‘knee lift’). These were 

used because they were assumed to be known to the user group and would allow 
the users to rely on their existing embodied skills rather than to develop new skills. 
The study con  rmed that all participants were able to use the system when they 
were asked to perform a movement pattern that they were able to perform (e.g. ‘arm 
swing’). In fact, there was hardly any need to explain or teach the participants how 
to use the system at all. They were just told to stand in a certain spot and to start 
swinging their arms back and forth, and henceforth no further instructions were 
given. Considering the amount of dif  culty many senior citizens experience when 
trying to use modern digital technologies that are touted to be intuitive and user-
friendly (e.g. smartphones, tablets, websites), we  nd it encouraging that patients 
with early stage AD were able to use the system with minimal instruction. 
 Apart from ‘arm swing’, some of the participants also tried to use other movement 
patterns such as ‘conductor’ and ‘knee lift’. Predictably, it was quite clear that ‘knee 
lift’ was signi  cantly more challenging than ‘arm swing’ and ‘conductor’, as it chal-
lenges balance, strength and coordination to a much larger extent than ‘arm swing’. 
Several participants were unable to perform ‘knee lift’ due to various restrictions 
in their bodily capacities for movement. Nevertheless, the more able-bodied partic-
ipants were able to control the music by walking in place. 
 Some participants’ comments also suggested that it was boring to perform the 
same movement for the entire song, and that they would have liked more freedom 
of movement. Despite this, it is reasonable to assume that, based on observations 
and comments, performing the same movements without musical accompaniment 
would have been more boring. Furthermore, the different movement patterns did 
allow for a range of variation in style of execution, within certain limits. However, 
to avoid experimentation with movements that would preclude our investigation of 
interpersonal entrainment, the potential for variation in movement style was not 
explicitly communicated to the participants. They were simply told to swing their 
arms from front to back. We did observe a few different styles across participants, 
and the system was able to accommodate these. Nevertheless, each participant 
maintained a fairly consistent style of movement.

From a music therapy perspective, the system may best be described as a hybrid 
between receptive and active music therapy. It resembles active music therapy in 
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that the users actively engage in the generation of musical output through repet-
itive movements. On the other hand, it resembles receptive music therapy insofar 
as the musical content is pre-recorded and the users are left to ‘passively’ hear 
the music as it is. We believe this balance between the two forms may be useful in 
terms of engagement and motivation. It allows users to select music that they enjoy 
and engage with both rhythmically and emotionally. It also reduces the potential 
(self-in  icted) pressure of having to make beautiful music. At the same time, the 
adaptive tempo of the music allows the users to deviate from the normal tempo of 
the music, according to their preferences and capabilities, without losing the pacing 
effect of the musical rhythm.

The present study is not suited to evaluate potential effects of music therapy on 
health challenges related to dementia. However, as described above, it was clear that 
several participants showed improvements in their mood after using the system. 
This is in line with McDermott et al. (2013, p. 793), who found ‘consistent evidence 
for short-term improvements in mood following music therapy’.

Even though the tests went quite well and showed that the participants were 
able to entrain to each other through use of the system, it was not until the intro-
duction of the visual interface during the last session that the system garnered 
enough excitement among the participants and supervisors to indicate a viable way 
forward. 

Limitations and future work

This was a small, qualitative study with few participants. As such, it does not pro-
vide any clear or quanti  able effects on engagement, well-being or motivation to 
be more physically active. However, it opens up for future research in any of these 
directions. In addition, it also revealed possibilities for studying how diverse visual 
elements (e.g. photos and video) affect the participants’ experience and motivation 
to use the system. Finally, on a more theoretical note, the study raises interesting 
questions regarding how human-technology relations in  uence peoples’ lives and 
experiences. Future work will conduct a post-phenomenological analysis to explore 
the particular human-technology relations that exist, and emerge, in the interplay 
between the system and its users.

Conclusion

In this study an interactive music system was tested with AD patients. The purpose 
was to explore how dynamically adapting musical tempo can be used to stimulate 
and motivate physical activity in seniors with early-stage AD. The  ndings showed 
that most participants were able to entrain and synchronise to each other’s move-
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ments through using the system. Several participants also commented that they 
enjoyed the experience. 
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REPMOVES: STORIES THAT A RHYTHMIC 

INTERACTION DEVICE FOR SENIORS CAN TELL 

Rune B. Rosseland and Alma L. Culén. Department of Informatics University of Oslo, Norway

ABSTRACT 

There is currently an ongoing debate within HCI community regarding the legitimacy of design objects 
as producers and carriers of knowledge. This paper takes a Research through Design methodological 
approach to making such an object, RepMoves, with a purpose to explore its use and usefulness and 
demonstrate how new knowledge can arise while exploring and experimenting with design objects. In 
this paper, RepMoves is used to address rhythmic and repetitive bodily interaction with music as a 

welfare technology concept for senior citizens with cognitive difficulties related to the onset of 
Alzheimer’s disease, and in one example, an individual with Parkinson. We show how RepMoves 
interface was adapted for use in each of these cases, how movements and interfaces were changed, and 
most importantly, RepMoves' potential to generate knowledge and research opportunities.  

KEYWORDS 

Research through design, research product, context, rhythmic interaction, generic design, concept design 

1. INTRODUCTION 

There is an ongoing debate regarding the relevance of Research through Design (RtD) as a 
research approach within Human-Computer Interaction (HCI), and what kinds of knowledge 

contributions the approach can offer (Bardzell et al., 2015; Dalsgaard, 2016; Gaver, 2012; 

Zimmerman and Forlizzi, 2014). The debate has grown out of an increasing integration of 

design practitioners in the HCI research community and addresses the diverging nature of 

scientific research and design practice (Zimmerman and Forlizzi, 2014). Some central and 

interrelated points of discussion are: (i) How can practices of design and making be used as 

modes of inquiry to produce knowledge and theory?; (ii) How can and should RtD research 

artifacts be documented in order to communicate the knowledge they produce, contain or 

represent?; and, (iii) How should RtD artifacts be evaluated, analyzed and critiqued in order to 

produce relevant knowledge for the HCI research community? As RtD matures as a research 

approach in HCI, the articulation around how this knowledge production happens becomes 

central. 
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Research through Design (RtD) is an emerging approach to HCI research that emphasizes 

the use of methods, practices, and processes of design as a generative mode of inquiry 

(Zimmerman et al., 2010). It is a forward-looking and constructive endeavor that seeks to 

propose alternative futures and explore possibilities through design. Schön (1983) describes 
the designers’ method as that of a ‘reflective practitioner’, where knowledge generation is an 

ongoing process brought about through reflection on hands-on engagement with the emerging 

artifact. Ingold (Ingold, 2013) has also addressed material engagement as the ‘art of inquiry’ 

and described it as an essential means of widening the designer’s perception of the context. 

Further, he has coined the term ‘correspondence’ to describe the designer’s (often unique and 

specific) material articulation of their response to this perception. 

While this paper does not aim to settle the above questions, it provides an account of a 

specific RtD project (or parts thereof), and explores the potential of deliberately open and 

flexible research objects to produce knowledge in the encounter with specific contexts of use, 

as well as to open up new questions and lines of inquiry for future research. In doing so, the 

paper provides a case for exploring and discussing the knowledge contribution of RtD. The 
design of the research object that we are concerned with in this work, called RepMoves, was 

not a team effort, but one designer’s design work that came about as a response to a particular 

design research problem, namely: How can interaction design help inspire and motivate 

seniors to be more physically active? Can interaction design provide generic ways of 

motivating physical movement that transcend specific use cases? The particularity of the 

response was based on the designer’s specific knowledge, experiences, skill sets, and 

curiosities. His familiarity with programming, sound design and production and audio-visual 

interaction design (Rosseland et al., 2014) enabled him to formulate RepMoves as a generic 

interaction design concept to motivate physical activity through rhythmic interaction with 

music, and to envision how the concept could be materialized in a research prototype. 

Accordingly, the RepMoves concept emerged as a personal response, or correspondence, to a 

certain design research challenge. Nevertheless, the authors have discussed the designed 
objects, their potential as research objects, and reflections on the knowledge gained through 

their use in specific contexts. 

This paper describes, through three different cases, how the prototypes were used to 

engage seniors in verbal and material discussions regarding the potential of rhythmic 

interaction with music as a motivator of movement and physical activity. We show how 

RepMoves transitions from being a generic concept to becoming a particular research object, 

or more correctly, a set of research objects that undergo changes and adaptations in order to 

work as communicative tools in different contexts. They were used as catalysts for discussion 

and exploration with elderly and their caretakers, as well as other stakeholders and informants 

around issues of health and welfare for senior citizens. RepMoves became objects to talk 

about, but also objects to talk through and, thus, communicate embodied, non-verbal 
information during use. The project did not seek to validate a particular design intended for a 

particular user group, but rather to better understand if and how the concept could become a 

meaningful future welfare technology for seniors. In summary, the purpose of the present 

paper is to describe and discuss the new knowledge gained through the use of deliberately 

designed research objects as a mode of inquiry. The main contribution of the paper is to give a 

description of a RtD project and discuss its potential knowledge contribution through the lens 

of the three questions presented above.  
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The paper is structured as follows: Section two describes the Field practice and research 

through design, providing background and framing our presentation. Section three is dedicated 

to a description of the development and rationale behind the RepMoves concept and 

prototypes. Section four presents our three cases of exploring the prototypes with seniors. In 
section five, we discuss knowledge production in RtD through the abovementioned questions. 

Section six concludes the paper. 

2. THE FIELD: RTD AND PARTICIPATORY DESIGN 

RtD projects are frequently categorized and described through the lenses of the Lab, Field and 
Showroom practices (Koskinen et al., 2011; Zimmerman and Forlizzi, 2014). The Lab 

practice, native to Netherlands, combines rich, multisensory design exploration with 

experimental evaluation in controlled, lab-like environments. The Field practice utilizes design 

and making as modes of inquiry and exploration in a user-centered and/or Scandinavian 

participatory design (PD) perspective, where the researchers try to identify design 

opportunities, together with users, in order to improve products, services or systems. Finally, 

the Showroom practice builds on the design of critical and speculative artifacts that challenge 

the current situation.  

The project presented in this paper involved elements of all three RtD practices to some 

extent. However, in this paper, we deliberately stay within the Field practice. Dalsgaard 

(2016) argued that it is in the encounter between the designed object and a specific application 

and knowledge domain that new RtD knowledge is produced. Our cases describe how 
prototypes that were built as part of the Lab practice (described elsewhere, to be published) 

were brought into specific use contexts in order to initiate discussion and reflection and to 

generate new knowledge. This paper builds actively on the findings of an earlier paper that 

offered guidelines on how to engage elderly in PD processes (Rosseland, 2016a). Specifically, 

the guidelines recommended, among other things, the widespread use of prototypes as ‘things 

to talk with’ when engaging seniors in PD. Having functional objects to manipulate and talk 

about relieves senior participants from having to mentally envision intangible concepts and 

imagined uses, and allows discussions to grow more organically from the nature of the 

exchange between the object, the participant, and the specific use context. However, we do not 

consider the current work to be in the PD tradition. A central principle in PD is that 

participants should be involved from the start in defining the purpose and goal of the project. 
The elderly participants in this project were not involved until after the first RepMoves 

prototypes had been built. Our goal was to think generatively rather than user-centered. 

Nevertheless, the main focus of this paper is the use of open and flexible designed research 

objects to engage seniors in contextual and material exploration and discussion of RepMoves. 

Accordingly, the work presented here is certainly relevant for researchers intending to involve 

seniors in PD processes. Furthermore, the paper demonstrates how the RepMoves prototypes 

help identify and generate questions and insights that can lead to more user-centered or 

participatory lines of research.  

One of the important inspirations for this project was The Drift Table (Boucher and Gaver, 

2006). It is often referenced as an early example of a research through design project that 

explored the knowledge generating capabilities of intentionally open and generative artifacts 
placed in a specific context or a knowledge domain. The table was designed to investigate the 
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concept of ludic engagement at home, to see if a home-based technology built into a coffee 

table can support curiosity, exploration, and reflection. The many design choices made while 

building the table helped the authors articulate their understanding of ludic design. This 

understanding was new and different as it emerged from the actual making of such designed 
research object. Also, even though the table was still a prototype, it was finished to a much 

higher extent than customary: “One of the most important lessons we learned in developing 

the Drift Table was the value of creating a highly finished, robust prototype. This was crucial 

in allowing users to suspend disbelief and engage fully with the device over long-term trials, 

and has also meant that the Drift Table can be exhibited for long periods of time without 

problem. Such attention to detail and finish are perhaps not normally associated with an 

experiment or prototype, but there are real benefits to be gained by doing so” (Boucher and 

Gaver, 2006, p. 4).  

3. A DESIGNED RESEARCH OBJECT: REPMOVES  

At its very simplest, RepMoves was the idea of a music player that automatically adjusts the 

tempo of the music to match the tempo of repetitive human movement. The prototypes offered 

an interaction form similar to that of a conductor conducting an orchestra. They used a Kinect 

full-body motion sensor to track specific body parts of users and extract the tempo of five 

specific movement patterns, illustratively named conductor, arm swing, body sway, knee bend, 

and knee lift. The movement patterns were one-dimensional in the sense that each was only 

tracked along a single dimension (e.g. conductor tracked the horizontal position of the hands, 
knee bend actually tracked the vertical position of the head, and arm swing tracked the 

distance between the sensor and each individual hand). All movement patterns were 

performed in a standing position in front of the sensor, and the system adjusted the tempo of a 

piece of music to the tempo of the user’s movements. Besides body movement, there was no 

input interface available to the user. All the RepMoves prototypes shared this functionality, 

and this was the core focus of this RtD project. However, the prototypes also differed from 

each other in important ways (described below). 

RepMoves was conceptualized, and made in line with generic design thinking, see (Wiberg 

and Stolterman, 2014). Generic design thinking was proposed as a complementary approach to 

three existing ways of working with design ideas, and for manifesting them in specific 

designs: concept design, proof-of-concept designs, and design guidelines. Concept design 
formulates and explores new ideas through sketching and modeling, with the goal of 

delineating or formulating a new design space. Proof-of-concept designs are largely concerned 

with building working prototypes of a design idea to prove that it works as intended. Design 

guidelines provide directions for the designer to ensure that all important and necessary 

aspects of the design have been duly considered in the design process. “[G]eneric design 

thinking stands out due to its focus on grouping particular designs and describing the qualities 

that they have in common on a fundamental level. This is achieved by analyzing, comparing 

and contrasting designs” (Wiberg and Stolterman, 2014, p. 537). Generic design thinking 

relates and compares unique aspects of specific designs, or ultimate particulars, to general 

design classes and concepts. It is suggested that generic design thinking can be used as an 

analytical tool for evaluating existing designs, as well as a generative method for producing 
new knowledge through design.  
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We do not claim that RepMoves in itself represents a generic interaction design class as 

described by Wiberg and Stolterman. Nevertheless, the project was inspired by generic design 

thinking, and RepMoves was formulated as a generic concept for how interaction design could 

contribute to motivating increased and sustained physical activity in a variety of use contexts. 
We built proof-of-concept prototypes that confirmed that the basic principle was functionally 

sound (no pun intended) as well as experientially interesting. Further design and development 

produced different prototypes that all explore different questions, understandings, and 

applications of the RepMoves concept. Once a sufficient number of design cases have 

explored this design space, similarities and patterns may help identify relevant design 

guidelines for a class of interactive concepts that focus on motivating sustained physical 

activity. 

We hope that readers, even just from the description of the RepMoves and what it does 

could think of many areas of application and many knowledge domains where this can be used 

and explored. We have tried installing RepMoves on a stationary bicycle in front of a city café 

(where those using it should try to keep the cycling tempo in order to not irritate other visitors 
with varying tempo of the music), and tweaking it to work as part of a stroke patient recovery 

machinery in a hospital setting. Each of these areas of application was interesting in their own 

right.  

4. CASES: REPMOVES FOR SENIORS  

We have carefully selected the three cases presented in this section, among several options, to 
illustrate how failures are not really failures, and successes are not really successes, but 

indications of what works, or not, in a specific use context. In these cases, different prototypes 

of the RepMoves concept were used to engage senior citizens and other stakeholders in 

forward-looking discussions about how the concept could be relevant to their context. The 

seniors engaged with the material arguments inscribed in the prototypes through bodily, non-

verbal interaction. Thus a dialectic exchange took place between the material assumptions and 

propositions of the designer and the situated reactions of the user. Observing this dialectic 

exchange allowed the designer, with his extensive knowledge of the functional mechanics of 

the research object as well as intimate embodied experience of using it, to read and reflect on 

the responses of the users. The reflections and insights ranged from simple technical issues to 

potential alternative uses and applications of the RepMoves concept. We argue that the 
research objects help facilitate discussions, both verbal and non-verbal, about current and 

future uses of the RepMoves concept. Such discussions would have been impossible to initiate 

without the designed research artifact. 

Each case is divided into two sections presenting (i) the context, participants and prototype 

and (ii) the designer’s observations and reflections during and after the sessions. 

4.1 The First Exploration: RepMoves for Parkinson’s Sufferers 

4.1.1 Context, Participant, and Prototype 

Olga (not her real name) lived in a smart home for elderly. We had gotten acquainted with 

Olga over a longer period of time, observing and discussing her struggles with Parkinson. She 
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had been suffering from Parkinson’s disease for some time and used to receive music therapy 

as part of her treatment. She considered it to be some of the best and most effective treatments 

she had ever had. Unfortunately for Olga, the service was discontinued and she was left with 

pharmacological treatments that partially helped with her symptoms, but also had a range of 
serious side effects. Furthermore, she felt that she did not get sufficient physical exercise 

because her medication regime prevented her from being more active. Inspired by research 

into the use of music therapy and rhythmic auditory stimulation (RAS) (Clair et al., 2012; 

Repp and Su, 2013; Thaut, 2005; Yu et al., 2011), we were curious whether RepMoves had 

potential as a musical exercise concept for Parkinson patients. Olga’s story led us to think that 

she would be receptive to the RepMoves concept and that she could provide valuable insights 

into how it could be adapted for people with Parkinson’s disease. We were fully aware that the 

prototype was not in a state to be used in a comprehensive study with Parkinson patients. 

However, we hoped that it would be enough to spark an interest in Olga and to allow her to 

reflect on possible uses of RepMoves for people with Parkinson. 

RepMoves was briefly described to Olga as a system that uses a camera-based sensor to 
detect her movements and to play music that matches the tempo of those movements. It was 

also explained that this is a prototype and that in working with her, it could be further changed 

and adapted for her purposes, as well as potentially become useful to other people with 

Parkinson. She thought this sounded very interesting and agreed to try the system. We made 

arrangements to meet at a time in her medication cycle when the symptoms of her disease, 

such as involuntary movements, were subdued by medication.  

The meeting was held in a small meeting room in the building that she lives in. At this 

time, the prototype was in its most basic form: It played music in the tempo of a user’s 

movements. There were no visual aids, interfaces or screens to look at. First, we did a small 

demonstration of how to use RepMoves. It required the user to perform ten arm swings before 

it started playing Bolero by Ravel in a tempo matching the movements. As the movement 

tempo was increased or decreased, the music adjusted the tempo accordingly.  

4.1.2 Observations and Reflections  

After the demonstration, it was Olga’s turn to give it a try. She was shown where to stand in 

front of the sensor and asked to swing her arms back and forth as demonstrated. However, 

RepMoves did not register her movements. After adjusting and re-starting RepMoves, Olga 

was asked to start swinging her arms again. At first, it seemed that she did not understand how 

to perform the movement. She moved her arms in an asymmetrical fashion. Instructions on 

what to do were repeated, but this did not seem to help. At this point, she was becoming 

visibly confused and uncertain about the situation. Reflecting on the situation that was 

unfolding, we realized a critical lapse of judgment in how the prototype was designed: 
Rhythmic stimulation is used with Parkinson patients specifically to help initiate and sustain 

movement (which they often struggle with). Our prototype, on the other hand, required the 

user to perform ten movements before the music started playing. We had put Olga in a new 

and unfamiliar situation and asked her to initiate movement without any form of rhythmic cue 

or assistance. We, therefore, decided to abort the session. Olga agreed and was content to skip 

further trials.  

From the short experience with Olga, it was apparent that we were not equipped to 

understand the complex dynamic of how her disease affected her abilities to move. In its 

current state the prototype certainly did not correspond well with her needs and abilities. In 

order to follow this line of research, we would need to form a larger, cross-disciplinary team 
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of researchers and medical professionals to develop a RepMoves prototype specifically 

designed for people with Parkinson and to design and execute targeted studies with Parkinson 

patients.  

4.2 Exploration two: RepMoves for Alzheimer’s Patients  

4.2.1 Context, Participants, and Prototype 

For our next case, we contacted a center working to promote health and quality of life through 
organizing different nature, culture and health activities as a service to the local community. 

The center was open to cooperation and facilitated our getting in touch with a group of seniors 

with early-stage Alzheimer’s disease (AD). This was a group of six people, whom we call 

Walkers. The group met once a week in a cozy cabin in beautiful natural surroundings, with a 

lake nearby. Each week, the group went for walks around the lake, prepared and ate lunch 

together in the cabin, and then spent some time singing and talking together.  

For this context, it made sense to develop a multiplayer version of RepMoves. The 

intention with this re-design was to: (i) to explore how this co-operative mode differed from 

the single player interaction, (ii) to understand whether the system could be used to entrain the 

movements of two users to a common, shared tempo, and (iii) to explore possible ways of 

adapting the system to fit this particular use context. 
The prototype still had no visual feedback or interface, and focused solely on co-operative 

interaction with music. The system was described as a music game that played music in 

response to repetitive movements of the arms or other limbs. It was compared to the way an 

orchestra conductor uses his arm movements to control the tempo of the orchestra. Several of 

the participants expressed interest in the project and they seemed to understand the basic idea 

of using music to motivate and inspire physical movement. They asked questions like: “How 

does it work?”, “Can several people use it at the same time?”, “What does the interaction 

entail for the user?”, “Can it be used on the go?”. One of the Walkers stated that health and 

well-being cannot be achieved through medication alone and that it is important to have a 

holistic approach to health promotion that encourages a healthy lifestyle. Like in Olga’s case, 

we continued with a demonstration of RepMoves. In this case, we showed the body sway 

movement pattern, which implied a swaying or rocking motion of the upper body from side to 
side. The Walkers saw the person demonstrating the movement swaying from side to side and 

heard the tempo of the music increase and decrease in response. Several of the participants 

smiled and laughed and tried to sing along with the music. The participants asked a number of 

questions post-demonstration, such as: What kind of movement patterns could be used, what 

songs RepMoves could play, and if it was possible to dance freely to the music.  

Over the course of the four consecutive meetings, we observed participants using the 

system. They did so in pairs, in a separate room, while the rest of Walkers continued their 

usual activities. Our findings on entrainment from these sessions were described in 

(Rosseland, 2016b). These sessions were very rich and interesting, and it would have been 

very useful to be able to record video of the sessions. However, in getting access to the group 

we agreed not to record video in order to protect the participants’ privacy. Instead, a few 
photos were taken during the sessions, and notes were taken immediately afterward. Also, the 

prototype was set up to log the movement data from each session, which was useful in the 

subsequent analysis of the sessions. 
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4.2.2 Observations and Reflections 

Here, we present a selection of observations and reflections made by the designer during and 

after the sessions with the Walkers. The reflections take the form of annotations, accompanied 

by short descriptions. Each annotation represented a research and/or design opportunity for us, 

or someone else who would like to continue these lines of inquiry. 

Freedom of movement. Variation in the way the movements were performed was greater 

than we imagined it would be. The movement that RepMoves was tracking in all sessions was 

the arm swing. This was an appropriate type of movement for the Walkers as it resembles the 

way the arms swing during walking. The movement pattern, at the system level, was designed 

to track the distance between the sensor and each hand. It calculated the movement tempo 

based on timing the moments when hands switched position in relation to the sensor. This 

allowed for a large degree of freedom to move. Some Walkers used long, fluid movements 

(which one person commented reminded him of Nordic skiing) while others used more 
punching motions, or even more of a boxing like, hook motion. In most cases, this ‘loose’ way 

of tracking movement patterns along a single dimension worked remarkably well. However, 

one Walker tended to partially rotate away from the sensor, leading one hand to constantly be 

in front of the other. Her movements were then misinterpreted, and RepMoves either sped up 

or slowed down the music in a way that did not match the movement tempo. 

Invisible barriers. RepMoves was designed to ignore certain movements, such as very, 

very rapid ones. When designing the prototype, we had assumed that most seniors would 

probably not appreciate hearing their favorite song played at 2 or 3 times the normal tempo. 

We also did not think that they would like to move so fast. However, some Walkers really 

tried to speed things up and thus, would meet the invisible barrier, which made no sense to 

them. Such barriers, we learned, should either not be there, or, if they have to be, should be 
used for some explainable purpose. It was also conceivable that this barrier could be turned 

into a user-adjustable option, giving the user control over how RepMoves responds to their 

movements.  

Paired interaction. The central question in this exploration was whether the RepMoves 

could be used to entrain and synchronize the movements of two people towards a shared 

tempo. The tempo of the music was based on the average tempo of both users. Accordingly, if 

two users moved at two different tempos the music would adjust to a tempo in-between both 

users’ tempos, thereby enticing the slower person to speed up and the faster person to slow 

down. This worked quite well and most sessions demonstrated a clear or moderate entrainment 

effect. Nevertheless, compared to the single-person mode this two-player mode provided a 

different experience. Due to the averaging effect of the two-player mode, the music would not 

directly reflect changes in movement rate of one person unless the other person also made a 
similar change. In fact, if one user increased and the other decreased the movement tempo (by 

the same amount), the end result would be that the music tempo would not change at all. On 

the other hand, if one person made a large and sudden tempo change he or she could 

potentially disrupt and confuse their co-player, which in some instances led to laughter and 

foolishness. This seemed to point to a possible alternative direction where the two-player 

mode could be developed further as, for example, a musical tug of war.  

Visual feedback. Another central design decision in this study was the absence of any 

visual feedback. This was done to ensure that both participants used the rhythm of the music 

alone to align the tempo of their movements. For the purposes of entrainment, this worked 

quite well. Nevertheless, observing the participants interacting with the system it was 
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becoming increasingly apparent that the total neglect of the visual modality, which is so 

central to human perception, was limiting the experience. The Walkers did not have anything 

to ‘rest their eyes’ on, which seemed to make some of them somewhat awkward. In nature, 

they could rest their eyes on many beautiful things. A natural opportunity was to add a visual 
feedback, by, for example, photographing the path that they walk along. For the last meeting, 

we experimented by introducing a slideshow of nature photographs and some graphical 

performance indicators projected on the wall in front of the participants (Figure 1). This was 

very well received and suggested an interesting direction for future exploration. 

 

Figure 1, Left: Visual interface with nature photos, a song-timer, a speed indicator, and movement 

counters. Right: Two Walkers engaged in interaction with RepMoves using the arm swing movement 
pattern 

4.3 Exploration 3: RepMoves for Seniorgamers with Alzheimer’s  

4.3.1 Context, Participants, and Prototype 

The next case was carried out at a daily social club for early stage Alzheimer’s patients. The 

single most popular activity at this club was the Seniorgamer virtual bowling sessions. One 

day each week, the attending seniors were divided into teams of two to four people that 

competed against each other in a game of virtual bowling on an Xbox 360 game console 
(using the Kinect motion sensor).  

For this exploration, we developed a new and more elaborate RepMoves prototype which 

included video playback, inspired by the successful introduction of a photo slideshow in the 

previous case with the Walkers. The videos were shot in a first-person perspective and 

depicted walks throughout the city where the participants lived (Figure 2). Also, one video 

was shot walking through the streets of Venice, Italy (Figure 3).  
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Figure 2. Slide 1 shows the interface for selecting movement pattern. The remainder shows snapshots of 
a walk over the bridge while listening to “Are You Lonesome Tonight” by Elvis Presley 

While using RepMoves, one had a feeling of actually walking the streets. To start, a Gamer 
would stand in front of the sensor and screen and use a point-and-hold gesture to select one of 

five different movement patterns shown on screen (the first slides in Figures 2 and 3). At this 

point, the game would start scanning for the selected movement pattern, and after four 

movements, play the selected video and music in the tempo of the movements. Points were 

awarded for how closely the tempo was kept. When a song ended, the video would pause and 

wait for a new Gamer to select a song and a movement pattern, and then continue. In this way, 

Gamers could learn to use the system without assistance, and possibly make game rules 

themselves. 

 

 

 

Figure 3. Slide 1 shows the setup interface with the five movement patterns. The rest show the 
progression of a walk through Venice, Italy 

The prototype with its features was demonstrated. It was explained that the pace of music 
and video would be linked to their movements. The fact that they were familiar with the 

Kinect tracking technology made it easier to start describing the system. Stopping the 

movements would pause the video and music, and resuming movement would resume 

playback. One of the participants asked if several people could use it simultaneously. We 

explained that this was not possible with this prototype, but that it certainly was an option if 
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they wanted to try it at a later stage. The participants then tried the system, one by one. 

Contrary to the case with the Walkers, this was a social setting, with all the Gamers (5-8 

people) present for the duration of the sessions. This led to loose discussions crisscrossing the 

room as different people tried the system. We were unfortunately not able to record any video 
due to privacy issues. This was a big drawback as it was impossible to capture all the reactions 

and reflections through observations alone. A research assistant took observational notes 

throughout the sessions, which were transcribed and expanded upon by the first author 

immediately after the sessions. Some of the participants were enthusiastic and explored the 

system creatively by testing different ways of moving. Others seemed more awkward or 

disinterested. Also, as we started to explore different movement patterns, some of the seniors 

had problems performing certain movement patterns, leading the system to intermittently 

pause and restart playback, which confused the users.  

4.3.2 Observations and Reflections 

At this stage, the prototype represented a much more targeted proposal for how RepMoves 

could be applied to a specific context than any of the previous prototypes. Accordingly, a wide 

range of more and less well-founded assumptions and arguments were inscribed into the 

prototype. As with the Walkers, the reflections are organized into annotations with 

accompanying descriptions.  

Invisible barriers. In this prototype, a new invisible barrier had been designed into the 

system, namely, the pausing of video and music when the user stopped moving. We explained 

and demonstrated this to the participants as an intentional feature. The idea was that they 

would have to move in order to see the video and hear the music. Several of them tried it out 

themselves during the sessions and were fluidly able to start and stop the video and music. 

However, some of the participants did not understand, or were not able to perform the chosen 
movement pattern, which in some cases caused the system to misinterpret their movements as 

non-movement, and intermittently and arbitrarily stop the playback. This led to confusion and 

in some cases a complete breakdown of the interaction.  

Freedom of movement. Several participants explored, intentionally, different variations of 

movement within the same movement pattern. For example, while interacting with the system 

through the conductor movement pattern, one of the seniors switched from a side-to-side 

movement of the hands to a circular movement in front of his body. Because the conductor 

movement pattern only tracks the hands along the horizontal plane and ignores any vertical 

movement, the circles that his hands were making were captured by the system as a straight, 

horizontal line. Accordingly, the system was able to accommodate his explorative movements 

and accurately synchronize the music and video to the tempo of the new movement trajectory.  

Triggering memories. A new and clear effect of the system was that it initiated thoughts, 
reflections, and memories. Several of the songs triggered discussions and memories of going 

dancing in their youths, of listening to music on the radio, playing records, as well as 

reflections and opinions regarding the life and fate of Elvis Presley. The videos also had the 

effect of triggering discussions and reflections related to the places they depicted. One man, in 

particular, was very excited about the video from Venice, where he had been many times. He 

proudly proclaimed that he was familiar with the area where the video was shot and continued 

to elaborate on his connections to the city.  

Virtual tourism. The combination of videos from their hometown with the video from 

Venice video brought home the potential of RepMoves to serve as a virtual tourism device. 

Several of the participants expressed excitement about the opportunity to have virtual walks in 
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foreign countries and other places they would have liked to visit or re-visit. We suspect that 

having access to a large number of videos from around the world could provide motivations 

for many hours, days, and weeks of physical activity through such a device. 

People are different. Seniors are not a homogenous group, and the fact that they all share 
a diagnosis does not mean that they have converging interests and opinions. A few participants 

were very positive and enthusiastic about the system, most were mildly interested, and yet 

another few played along but demonstrated through body language and comments that they 

would rather do something else. There was also a somewhat different attitude among the 

participants from the first to the second meeting.  

Single-player in a social context is not ideal. The tests with the Gamers seemed to 

suggest that single-player interaction in such a social setting was not ideal. As each interaction 

lasted for two to three minutes, the rest of the participants were left to watch and wait. After 

the initial excitement wore off we observed a few of them closing their eyes and even taking a 

nap as they awaited their turn. However, we do not put too much emphasis on this fact 

because the same participants were also observed taking short naps in between turns during 
the bowling game. Nevertheless, we concluded that some form of a multiplayer option would 

be preferable in such a social context. 

Supervisors’ role. Our experiences with the group during the two visits underlined the 

importance of the supervisors to the successful execution of a gaming session. During 

previous visits we observed that the supervisors were responsible for setting up the bowling 

game with all the necessary options, divide the participants into teams, call out whose turn it 

was to play, keep score, and declare winners. The only thing the seniors did was get up from 

their chair when they were called, walk over to the spot in front of the sensor, throw the ball, 

and go sit back down. During our tests of the RepMoves system, we did not have the same 

routine and authority as the supervisors to instruct the participants, which resulted in a 

somewhat messier and more confusing experience for the participants. It was clear that for this 

group it was important to have a clear and predictable structure to the game, and that if the 
RepMoves system would have to be further developed to fit this context, the supervisors 

would need to be more closely involved in facilitating the game. 

5. DISCUSSION: REFLECTION ON ACTION 

“It was this meticulous attention to how people worked with iFloor that pushed it beyond mere 
design. The study produced data that were used in many different ways, not just to make the 

prototype better, as would have happened in design practice” (Koskinen et al., 2011, p. 2). 

 

We hope to have shown, through the cases described above, how material and contextual 

explorations of an interaction design concept can lead to a wide variety of insights and 

knowledge relevant to the HCI community. Here, we reflect our process through the lens of 

the three questions described in the introduction. 

(i) How can practices of design and making be used as modes of inquiry to produce 

knowledge and theory?  
We would like to point to three different stages of our process that we think were 

instrumental in defining the kind of knowledge it produced: concept design, building material 
arguments and proposals, and contextual exploration. Although this paper mainly focuses on 
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the third stage of contextual explorations, we offer some reflections regarding the two 

preceding stages and their significance for the outcome of the project. First, our exploration 

revolved around one simple concept, rhythmic interaction with music. The concept had been 

formulated with the specific intent of motivating sustained physical activity. However, it was 
not conceived of as a finished product for a specific use case, but rather as a generic 

interaction design concept that could be applied to a wide range of different physical 

movements and activities. This was arguably one of the most defining decisions of the project 

as it set the direction of the inquiry without specifying details.  

Second, the actual making and extensive testing of the prototypes during development 

provided countless insights, understandings, and new questions regarding the RepMoves 

concept and its potential future uses. Throughout this process, the prototypes were inscribed 

with the designer’s questions and proposals regarding potential applications of the concept in 

the service of motivating physical activity in seniors. As such, the prototypes represented 

relatively complex arguments in material form. This process also provided the designer with 

intimate knowledge of the inner workings of the prototypes, as well as extensive embodied 
experience of using it, both of which were critical during the third stage: the contextual 

explorations with potential future users.  

During this third stage, we were able to engage seniors with Alzheimer’s disease in both 

verbal and embodied discussions and explorations of the RepMoves concept, which would 

have been impossible to achieve without the research prototypes. Some of our assumptions 

that had been inscribed in the prototypes were praised, confirmed or accepted by the seniors, 

while others were overlooked, rejected, or discussed how they could be changed. Furthermore, 

we were able to explore and understand how a range of contextual, personal and social factors 

could influence the future adoption of the RepMoves concept in specific contexts. For 

example, in the case of both activity groups for Alzheimer’s patients, it was obvious that the 

role of the supervisors would be critical to the successful and meaningful adoption of the such 

a system. Finally, it was clear that while some participants were very positive and enthusiastic 
about the system, many others were less interested, indicating that it was not for everyone. 

(ii) How can and should RtD research artifacts be documented in order to 

communicate the knowledge they produce, contain or represent? 

This was a very challenging project to document for two distinct reasons: The nature of the 

prototypes and the need to protect the privacy of the participants. The prototypes were very 

difficult to document through still photos, particularly the ones that did not provide any visual 

feedback. A series of images could give some indication of how the users moved over time, 

but they would give a very poor representation of the interactive experience. The last 

prototype involving the use of video was more easily represented in photos, as we have done 

above, but it does not come close to any faithful representation of the interactive experience. 

We have recorded video of people interacting with the prototypes in other contexts, and have 
seen how rich and informative they are for in-depth analysis of the interactive sessions. The 

project would have benefitted greatly from being able to record video of the sessions with the 

senior participants, but alas, due to privacy constraints it was not possible in any of the cases 

presented here. In the future, we will make determined efforts to find ways to record videos of 

the interactive sessions with users while ensuring that participants’ privacy is protected. 

The project was well documented through the code history of the prototypes. The code 

files contained an abundance of information about the project that was very useful in tracing 

the evolution of the project and different lines of inquiry within it. They provide a detailed 

timeline for the whole project and have, combined with field notes and other forms of notes 
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and sketches, been instrumental in the evaluation and analysis of the project. We see 

annotations as an appropriate method for extracting, organizing and categorizing the 

knowledge contained within this body of documentation. 

(iii) How should RtD artifacts be evaluated, analyzed and critiqued in order to 

produce relevant knowledge for the HCI research community? 

Looking back at our project, we would like to think that it demonstrated some of the 

generative and explorative potential of deliberately open research artifacts as a method of 

inquiry. Accordingly, it is appropriate that the project is evaluated and critiqued for its ability 

to open up new design spaces and avenues of further research. We also feel that it is relevant 

to critique and discuss the concept-driven nature of the research, our ability to turn the concept 

into good research artifacts, our choice of participants and use contexts to explore, and our 

ability to ask the appropriate questions and propose coherent arguments through our research 

prototypes. The project may also be critiqued for its ability to document the process as well as 

the different research prototypes.  

However, as Bardzell et al. (2015) point out, it is not the sole responsibility of the designer 
to identify the knowledge that RtD objects produce. They argue that the HCI research 

community needs to establish a communal practice of critical reception of designed research 

objects in order to collectively evaluate and discuss the kinds of knowledge they provide. 

This, they argue, will distribute the responsibility of identifying RtD knowledge contributions 

on the entire community and lead to the development of a hermeneutic community that is 

competent and able to ‘read’ designs like the art community is able to read a Rembrandt. “[In] 

order for the object to ‘appear’, it needs to enter a qualified and engaged dialogue with an 

interpretative community” (Bardzell et al., 2015, p. 2101). However, in order to enter this 

dialogue, it needs to be accessible to the research community. Pierce (2014) argues that 

although the research artifact in RtD is seen as constituting, containing and constructing 

knowledge, hardly anyone within the research community have access to these artifacts. The 

principal form in which the research community can evaluate and critique the knowledge 
produced by RtD research artifacts is through verbal descriptions in research papers. Thus, the 

material artifact and the written research paper co-constitute knowledge for the research 

community. Accordingly, it is through meticulous and conscientious documentation, 

description and presentation of the artifacts in research publications such as this that the RtD 

artifacts can enter a critical dialogue and produce knowledge for the research community.  

6. CONCLUSION 

We hope this paper has demonstrated the generative potential of research through design, and 

the wide variety of knowledge such projects can produce. By making open and flexible 

prototypes based on a generic concept of rhythmic interactions, and immersing them in 

different contexts, we have tried to see what kind of new knowledge and insights emerge. The 

prototypes, or more precisely, research artifacts were used in three different situations with 

seniors, individually or in groups. We conclude that at the point of encounter between a 

research object and a new context of use, insight and knowledge emerge. In line with low 

fidelity prototypes, these objects also pose more or less open lines of inquiry. Insights gained 

by engaging in such a process are both numerous and valuable. 
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