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Abstract 
The concept of tinkering is a central practice within research in the field of 
Human Computer Interaction, dealing with new interactive forms and 
technologies. In this thesis, tinkering is discussed not only as a practice for 
interaction design in general, but as an attitude that calls for a deeper reflection 
over research practices, knowledge generation and the recent movements in the 
direction of materials and materiality within the field. The presented research 
exemplifies practices and studies in relation to interactive technology through a 
number of projects, all revolving around the design and interaction with physical 
interactive artifacts. In particular, nearly all projects are focused around robotic 
artifacts for consumer settings. Three main contributions are presented in terms 
of studies, prototypes and concepts, together with a conceptual discussion around 
tinkering framed as an attitude within interaction design. The results from this 
research revolve around how grounding is achieved, partly through studies of 
existing interaction and partly through how tinkering-oriented activities 
generates knowledge in relation to design concepts, built prototypes and real 
world interaction.  
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1 
Introduction 

 
The concept of tinkering is nowadays used rather vernacularly, or in other 
words commonly without any more specific meaning. According to the 
Oxford English online dictionary, Merriam Webster dictionary and 
Wikipedia, tinkering appears to originate from around the 14th century 
where   the   “professional”   tinkerer   was   a   travelling mender of e.g. 
household utensils. The technical and metallurgical practice of using tin 
and tools to fix and mend utensils correlates beautifully with how for 
instance electronic components are soldered manually onto prototyping 
perfboard’s  or  PCB’s  (printed  circuit  boards). Bending and sticking thin 
metallic legs into narrow holes, applying flux, while simultaneously 
applying molten tin, can be quite tricky, not to mention doing the reverse 
process that requires tools for heating, de-solder braids, suction and 
lifting the component – often all at once. A feeling for temperature is 
important as too warm may damage components and too cold may cause 
so   called   “cold   solder”   joints   that  makes   circuits  misbehave.  Moreover,  
the heat from the soldering iron causes flux, solder and components to 
have a scent, a useful and underrated resource when considered from a 
corporeal and practical perspective.  
 
Relating  to  how  the  earliest  personal  computers’  (e.g.  Apple  I),  pointing 
devices, mobile phones, etc. were invented, researched and put together, 
it is clear that these manual practices of instrumental tool use and fiddling 
with components is nearly identical to how it is done today when new 
interactive artifacts are to be invented and designed. The major difference 
of course lies in scale and there are exponentially more components and 
tools and they have better quality, steadily gets faster, become cheaper 
and have increased precision. In fact, innovations in miniaturization and 
automation  in  the  early  90’s resulted in multi-layered circuit boards and 
surface mounted components so flat and small that monocular glasses and 
surgically steady hands were needed to tamper with it. This development 
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has over the past five years been broadened to also incorporate 
electronics printed onto and into both thin and flexible materials which is 
one of the main reasons why we today have super flat and light laptops, 
mobile phones, e-book readers and tablets, and that emerging consumer 
product demonstrators are flexible and yet credit-card thin.  
 
Academic research on the other hand is commonly understood as the 
trade of producing knowledge by advancing that which is already known. 
Donald A. Schön argued that this view is not enough and pointed out that 
skills and attitudes are other important factors that relate to this practice 
of knowledge production [Schön 1984]. More importantly, he suggested 
that reflection-in-action and knowing-in-action is closer to reality for how 
professionals turn over knowledge. Extending that argument, in this 
thesis I will reason about the concept of tinkering, and attempt to position 
it as an essential attitude for interaction design research. In 2008, Mizuko 
Ito et al introduced the idea of tinkering as being central to knowledge 
production when conducting and analysing ethnographic studies of 
school children in the US and Japan [Ito et al. 2009]. Notably, later that 
year John Seely Brown further re-popularized the term through his online 
published talk entitled “Tinkering  as  a  Mode  of  Knowledge Production in 
a Digital Age”. Within the research field of Human Computer Interaction 
(HCI) we are interested in the broader notion of human activity and more 
specifically its relation to computation. In other words we will often talk 
about interfaces, communication, interaction, users, experience and 
context when we try to describe what we do. The question is: how do we 
as researchers reflect upon our own practices with respect to what might 
be central for our own knowledge production? Fortunately, writing a 
thesis is one of those processes suitable for addressing such questions. 
 
Traces of the tinkering concept in HCI specifically can be tied to 
metaphorical discussions regarding the practice of bricolage where a 
person would explore and put together e.g. an outfit or software program 
[Papert 1993; Blackwell 2006; Resnick and Silverman 2005], or pottering 
where a person casually and without any particular plan keeps things tidy 
[Taylor et al. 2008]. In this case we will use tinkering in terms of a more 
pragmatic attitude to explore what it could offer researchers within HCI 
and more specifically Interaction Design (IxD) research – a subfield 
focused around the shaping of digital artifacts from a user- and 
experience-centred perspective. Furthermore, because of its technical 
connotation, we argue that tinkering is a suitable candidate for 
contrasting the perspectives of crafting related to design and engineering, 
something that today falls under the notion of prototyping [Koskinen et 
al. 2011]. Although tinkering may be thought of as a constructive 
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process, it is at the same time as much of a tearing down approach as a 
way of gaining knowledge or reverting to a previous state. As such we 
will argue that it shares similar if not the very same fundamental attitude 
with practices such as e.g. hacking and reverse engineering [Erickson 
2008; Rosner and Bean 2009; Kadavy 2011]. 
 
In this thesis we will take a closer look at what tinkering would mean 
conceptually in terms of a more corporeal practice-oriented activity in an 
overall design process. In order to illustrate this perspective we will use 
both studies and designs of robotic artifacts as a sort of lens through 
which we can build up an understanding of what tinkering conceptually 
can offer in terms of an interaction design research process. Throughout 
the thesis I will present a number of research contributions such as results 
from studies, design concepts, sketches, demonstrators and developed 
methods. More specifically the work has covered studies of people’s 
relationships with unusual pets, studies regarding a robotic toy dinosaur, 
the use of clothes and accessories as a way of programming robots and 
smartphones, crafting and presenting research demonstrators e.g. a swarm 
of blinking and communicating robots, and finally critical reflections 
about   what   the   ‘wild’   actually means when the study objects concerns 
robotic artifacts or prototypes. These activities have contributed to both 
the understanding and contrasting of tinkering and how it relates to more 
established concepts within interaction design such as e.g. prototyping 
and sketching in hardware. By focusing on robotic artifacts I will discuss 
how a broader view of embodied interaction may resonate with the 
tinkering process.  
 
In the latter part of the discussion chapter, I will attempt to outline and 
position tinkering as an essential attitude that is part of an overall design 
process in interaction design research. The more critical agenda is to push 
for terms for consolidation under the interaction design research umbrella 
where design processes often appear to cause friction when incorporating 
engineering oriented practices. In essence, we will argue that tinkering 
together with sketching and inquiry are three complementary attitudes 
that produce well-articulated research. The primary target audiences for 
this thesis are students, researchers and academics in the fields of HCI, 
HRI (Human-Robot Interaction) and interaction design. 
 
My research motivations are based on the assumption that robotic 
artifacts may highlight many of the difficult issues and problems that 
have emerged in HCI and Interaction Design over recent years. Robots 
are notoriously embodied, move about, highly situated, technologically 
complex, and can be quite messy in terms of interaction. Not the least, 
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they are designed and thus crafted with an agenda that depends on 
relationships towards stake holders and intended audiences. This thesis 
will touch upon this point over and over and also attempt to tie it back to 
fundamental concepts from philosophy regarding how articulations are 
formed. By viewing physical artifacts or objects as articulations I will 
then reconnect it to an overall design process with tinkering being one of 
the central components.  
 
Before pressing on with the research questions, let’s  have  a  look  at  what  
such an agenda could look like from a research perspective. There are a 
number of reasons why I find this crafting oriented agenda to be an 
important topic for investigation, e.g. crafting as a way of exploring a 
research question, designing probes with the intent to elicit data, as art or 
objects to think with, as a manifestation of a concept or knowledge 
carrier, as a intended product designed towards consumers and finally as 
an incremental contribution for improving upon an existing artifact. 
These rationales are not by any means exclusive and may be used in any 
combination as well as on their own. This thesis aims to cover a number 
of the points stated above, but in particular focusing on the ones related to 
tinkering, design and inquiry as attitudes in the HCI-research practice. 
Attitude in this case means a collective of activities that directs and 
emphasizes our work in terms of processes and practice. In particular, 
this thesis argues that tinkering as a corporeal research practice provides 
articulations of emerging interaction design aspects related to the 
materiality and envisioning of interactive artifacts within HCI. 
Envisioning in this case has to do with how interactive artifacts are 
crafted, designed, experienced, used and reflected upon as part of an 
explorative research attitude that literally involves hands on work. The 
notion of the corporeal attempts to emphasize that interactive artifacts 
consisting of interactive materials are both crafted and experienced by 
means of profound entanglement with respect of the human body. 
 

1.1 Research Questions 
There are three overarching research questions that I would like to 
address with this thesis.  
 

1. How does tinkering manifest itself as a practice when conducting 
research on interactive technology? 

2. How can studies of real world interaction with robotic artifacts 
inform tinkering practices with interactive materials?  

3. How does the tinkering attitude relate to studies and design in 
HCI and interaction design research? 
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The first two questions will be addressed through the outline of 
contributions and aims to motivate the third question which is more to the 
point of making a general contribution to HCI research. These 
contributions have the character of an on-going research dialogue rather 
than explicit findings since the more hands on part of the work is outlined 
in the general contributions.  
  

1.2 Structure of Thesis 
This thesis is structured as a compilation of peer-reviewed publications 
backed  up  by  this  cover  paper  (or  “Kappa”)  stitching  together  the  articles  
by lifting up an overarching theme of research. The first part of the thesis 
consists of this cover paper while the second part consists of selected peer 
reviewed publications, which when necessary have been reformatted 
layout-wise (not content wise) to make them more coherent with the 
general layout of the thesis. 
 
This introduction is the first chapter and gives an overview of the thesis 
as well as introduces the general agenda and the research questions. 
Chapter 2 sets out to give a basic theoretical orientation for why the 
research questions are relevant for interaction design and ties tinkering to 
a number of concepts as well as a handful of related white spots where 
issues in HCI is currently being debated. Chapter 3 goes into discussing 
methods as well as giving details on studies that have been used to 
understand interaction with robotic artifacts in the wild. Furthermore it 
discusses a bit on what is meant   by   “the   wild”   by   reflecting   on   three  
distinct approaches for studying one and the same robotic artifact. 
Chapter 4 goes deeper into what we mean by tinkering and in a similar 
way discusses methods and approaches as well as bringing in examples 
from my own research in terms of up-front self-reflections. Chapter 5 
brings together the contributions as outlined in the previous section in 
order to see how they fit together with the posed research questions. 
Chapter 6 is a discussion around the implications of the research and 
what it means for the governing design process. Chapter 7 concludes this 
thesis by summarizing the research in view of the posed questions.  
 

1.2.1 Contributions Overview 
The contributions offered in this thesis range from sketches, research 
prototypes, design insights, and concepts to methods related to studies of 
interaction with robotic artifacts. These will be outlined more specifically 
in the research contributions (Chapter 5). Next, the main characteristics 
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of the contributions will be briefly introduced in order to get a sense for 
the background, theory (Chapter 2) and methodology that are presented 
in the intermediate chapters (Chapter 3 and 4). The final chapters will 
conclude with a few words on the overall structure and meta-level 
reflection of these contributions (Chapter 6 and 7). My main 
contributions are based on the following activities: 
 

1. Crafting and hacking together research prototypes while 
discussing the benefits of demonstrations as articulations 

2. Field  studies  of  people’s   interaction with existing technology to 
support tinkering in the design process. 

3. Development of strong design concepts as a result of articulating 
a tinkering attitude in interaction design 

 
Sketches and scenarios have in this thesis been used as envisioned uses of 
a technology and can be seen as detailed carriers for ideas and concepts 
situated in a context. Hardware sketches are mock-ups or tangible 
representations where most of the technical capabilities are left 
unimplemented but still belong to its detailed usage/experience scenario. 
Research prototypes are rough implementations of ideas and concepts 
with a clear manifestation and representation but that still lacks e.g. the 
touch of a finished product, vital accompanying technology or business 
model. Design concepts in this case are detailed governing structures for 
how one could think about interaction design and bridge the gaps 
between context, user and technology. A method in this case, is a detailed 
procedure or process e.g. for setting up and conducting an open ended 
field-study based on interviews and simple rules for conduct. The overall 
contribution is a meta-level reflection regarding tinkering as an attitude 
within interaction design. 
 

1.3 Context of Research 
The main bulk of research work captured in this thesis spans over two 
European projects, Embodied and Communicating Agents (EC-Agents) 
and Living With Robots and Interactive Companions (LIREC), both part 
of the Future and Emergent Technologies program for advancing ICT 
research (FP6 and FP7 respectively). Thus in terms of core funding it 
should be stressed that this thesis is indeed a product of the European 
research community. Between these two projects I applied for and 
received a personal grant from SSF to conduct research together with 
Ugobe – an American start-up developing and making robotic toys. 
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In the EC-Agents project our role was to conduct research about potential 
applications and to create demonstrators representative for the more 
theoretically oriented work. Examples of such work includes theories and 
models about the emergence of language, emergent group coordination, 
studies of biological systems exhibiting rudimentary forms of 
communication, language games etc. Examples of systems we explored, 
designed, built and studied together in this project are  Push!Music  - 
autonomous sharing of media agents, Digital Flowerwall - autonomous 
wallpaper agents as well as my own project of focus (included in this 
thesis) about a swarm of small communicating robotic artifacts called 
GlowBots. 
 
In the LIREC project (Just about completed at the time of writing this 
thesis) our main role was to conduct studies of so called companionship 
technologies, e.g. robotic pets, both already existing and being developed 
within the project, out in realistic and naturalistic environments. We often 
refer to such environments where users would live their ordinary life 
together with the technology as ‘In  the  Wild’. Furthermore we were also 
responsible for lifting to notice and exploring ethical concerns that would 
be related to robots and companionship technology. In the final part of 
this project we have provided a set of high-level guidelines or framework 
for the design of companionship-technology grounded in studies found in 
this thesis, other studies that we conducted and related work done by 
LIREC-project partners. 
 
My research presented in this thesis has mainly been conducted within 
the Future Applications Lab, led by Lars Erik Holmquist. Together with 
Maria Håkansson, Mattias Rost, Sara Ljungblad, Ylva Fernaeus, Nicolas 
Belloni, Zeynep Ahmet, Henriette Cramer, Lalya Gayle, Johan Sanneblad 
and Tobias Skog, I have collaborated shoulder to shoulder in terms of 
everyday work. In more recent years this lab merged into the Interaction 
Design and Innovation lab (IDI) led by Kia Höök and Petra Sundström. 
More recent colleagues in this context include (amongst others) Stina 
Nylander, Jakob Tholander, Maria Normark, Pedro Ferreira, Carolina 
Johansson, Anna Stål, Johanna Mercurio, Jordi Solsona, Elsa Vaara, 
Jarmo Laaksolahti, Bin Zhu and Elena Márquez Segura. Our 
interdisciplinary group(s) has conducted state-of-the-art research at both 
the Viktoria Institute in Göteborg and, in more recent years, since 2008, 
at the Mobile Life Centre in Kista/Stockholm. At the Viktoria Institute 
our group had a close academic relationship with the IT-University, a 
shared institution between Chalmers and University of Gothenburg. In 
Stockholm we have had a corresponding relationship with DSV, a shared 
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institution1 between KTH and Stockholm University and finally with the 
MID-department as part of the CSC school at KTH. 
 
The Mobile Life Centre is a so called Vinnova Excellence Centre, a ten-
year joint venture between SICS (Swedish Institute of Computer Science, 
author’s current employer), Stockholm University through DSV, KTH 
and finally a number of high-profile industrial partners and organisations 
e.g. Microsoft Research, Ericsson, Sony Ericsson, IKEA, ABB, Telia 
Sonera, Nokia and The Municipality of Stockholm2. SICS in turn is part 
of a larger national organisation that represents world leading research - 
called Swedish ICT (Information and Communication Technology). In 
the later stages of the research more and more ties were made with KTH 
and the MID department where this work came to be academically hosted 
upon completion.  
 
 

 
In summary, Figure 1 above illustrates the actual work included in this 
thesis and how it relates to these different contexts, in terms of where, 
when and what. Apart from this work, there are a number of projects that 
have run in parallel but will not explicitly be discussed in this thesis, e.g. 

                                                      
1 From 2012 the DSV department belongs solely to Stockholm University.  
2 The industrial partners have varied slightly over the years, e.g. Sony Ericson left the venture as part 
of their reorganisation with Sony, and there are also a number of smaller but significant partners, e.g. 
Company P, Moveinto Fun, Kista Science City and STING. 

 
Figure 1: Overview graph showing progression of research from top line to 
bottom: Projects and funding, Location, Studies, Governing design 
activity/project 
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Push!Music, Push!Photo, Autonomous Wallpaper, The RobCab Study, 
EcoFriends and Internet of Sports. 

1.3.1 General Work Process 
The character of my research follows an explorative research attitude. 
The aim for such research process is not products for the consumer 
market, but rather to engage in a continuous research dialogue and 
interaction design interventions. This dialogue is in one way the 
“traditional” one of publish, review and present – as well as “less formal” 
practices. That is to say there are these more non-formal, but not less 
important, research occurrences such as everyday meetings, discussions 
during the coffee breaks, seminars, social media, smaller informal 
presentations, tinkering & hacking sessions, workshops together with 
various industrial partners and small talk over some newly acquired 
gadget at a colleague’s desk. Thus, the overall work presented in this 
thesis does not adhere strictly to any idealized cyclic or linear process, 
although in parts one may find traces of steps that move between 
sketching, prototyping and studies. Arguably the most sincere way to 
frame this process is that the research can be mapped out as a loosely 
connected network of interventions and this thesis ties them together 
through a more meta-level analysis and argument.  
   

1.4 Summary of Publications 
Below is a short summary of the peer-reviewed papers included in this 
thesis (Part 2: The Papers) together with statements about individual 
contribution and division of labour. More details about the contributions 
and how they contribute to the overall theme of this thesis will be 
covered in Chapter 5. 
 
 
Paper I: GlowBots - Designing and Implementing Engaging Human 
Robot Interaction 
 
Jacobsson, M., Fernaeus, Y., and Holmquist, L.E. GlowBots: Designing 
and Implementing Engaging Human Robot Interaction. Journal of 
Physical Agents, 2 (2), pp. 51-60, 2008. 
 
This journal paper has a generous format offering enough space to 
carefully include a more comprehensive overview of the GlowBots 
project, which over time had grown quite large in terms of material. It 
captures a nearly complete chronological description starting from early 
studies   of   people’s   relationship   with   less   common   pets - like snakes, 
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spiders or lizards. Based on this data we constructed personas using 
affinity diagrams with these marginal practices as input. In the next phase 
we enter a design process starting from one of the resulting personas. In 
this process we dig into the rich technical details about all the possible 
materials that we wanted to explore. The result is a demonstrator called 
GlowBots which is the resulting physical manifestation of the description 
from that particular persona. In the last phase, we demonstrated the result 
and conducted studies – both   at   exhibitions   and   in   ‘the  wild’.   (expand  
this) The first part is also covered in (Ljungblad, 2006). Moreover, the 
construction of the additional hardware piece called see-Puck is covered 
in more depth in a CHI note (Jacobsson et.al, 2008). 
 
My part was to lead this project, take part of analyzing the data from the 
first study about marginal practices, aquire and learn the e-puck platform, 
explore interaction modalities and the available robotic materials, 
participate in hardware design of the see-puck, sketch interaction 
scenarios for the robot and program the main behaviour. Furthermore I 
organized the two big dissemination events for the prototype 
(SIGGRAPH and Wired NextFest) as well as present it at the final review 
for the ECAgents project. I also planned and analysed the data in the final 
evaluation study. Through working with the GlowBots I would like to 
highlight the following lessons: 
 

x For humans to be part of a dialogue between machines it has to 
be (i) situated and (ii) afforded by the involved materials. Thus 
our tinkering attitude opened up and allowed us to understand 
communication from an interaction design perspective. 

x Swarm of homogenous units work well in terms of demonstrator 
robustness, we even had the opportunity to tweak and tinker in 
situ while the demonstrator was running. What it actually means 
to  be  “demo-ready”. 
 

 
Paper II: Play, Belief and Stories about Robots: A Case Study of a 
Pleo Blogging Community 
 
Jacobsson, M. Play, Belief and Stories about Robots: A Case Study of a 
Pleo Blogging Community. Proceedings of RO-MAN 2009, Toyama, 
Japan, 27 Sept - 2 Oct 2009. 
 
This paper describes an ethnographic study of how people express their 
interaction and relationship with the robotic toy Pleo in online blogs. The 
method used is inspired by virtual ethnography and the data set consists 
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of blog-posts from a period of three months capturing early adopters and 
their experience mediated through this medium. Being a qualitative 
study, it gives hints towards experiences, issues, social and ethical 
considerations expressed by the bloggers. The results are a set of 
emerging themes, social aspects and particular qualities related to the 
conveyed interaction.  
 
This study was conducted as a part of my internship at Ugobe Inc funded 
by a Personal grant from Stiftelsen för Strategisk Forskning (SSF). 
Although this is mainly my own research, supervision by Ylva Fernaeus 
and   discussions   in   writer’s   workshops   with   colleagues   in   Mobile   Life  
helped in shaping the analysis and discussion. The main highlights from 
this study are: 
 

x We found a number of categories that describe how people blog 
about their relationship with Pleo, one example being how they 
tinker and do DIY surgery on the robot. 

x People seem to enjoy personalization and the unfolding stories 
that are triggered implicitly by the robotic artifact. 

x The study revealed and highlighted accessorizing as a practice 
which led us towards developing the concept of ActDresses. 

 
 
Paper III: Crafting Against Robotic Fakelore: On the Critical 
Practice of ArtBot Artists 
  
Jacobsson, M., Fernaeus, Y., Cramer, H., and Ljungblad, S. Crafting 
Against Robotic Fakelore: On the Critical Practice of ArtBot Artists. 
Proceedings of CHI 2013, Paris, France, ACM.  
 
This paper summarizes two studies regarding robotic art practitioners that 
took place during two separate ArtBots events. The initial goal was to 
investigate the artists take on crafting robotic artifacts as well as how the 
audience reflected upon the works. We frame this discussion around what 
we call robotic fakelore in terms of how the artists are able to both 
advance robotics while at the same time subtly criticize it from within 
with respect to how robots are portrayed in popular media. Furthermore 
we conclude with arguing for how to better include arts research within 
HCI.  
 
I took an active part in the first study where we planned, interviewed and 
gathered data from the event during three days. I have also been actively 
involved with the analysis and structuring of the data, something that has 
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evolved over time in order to get a balance in its critical framing. A main 
lesson from the study: 
 

x Critiques were delivered in the same language as that they are 
implicitly criticizing – as artifacts consisting of robotic materials. 
ArtBots as a curated venue create this unique space of 
expression. 

 
 
Paper IV: Comics, Robots, Fashion and Programming: outlining the 
concept of ActDresses 
 
Fernaeus, Y., and Jacobsson, M. Comics, Robots, Fashion and 
Programming: outlining the concept of ActDresses. Proceedings of 
TEI'09, Cambridge, UK, ACM. 
 
ActDresses is one of the main interaction design explorations of this 
thesis, and tries to articulate the development of a novel concept for 
embodied interaction with technology. This paper describes the design 
process behind the concept as well as main variables that the interaction 
designer would use to craft artifacts based on this idea. It is important to 
understand that this work was grounded in the practices that were 
observed in the Blog Study about how people used accessories to 
personalize their robotic toys.  
 
My role in this project was to identify and advocate the core concept of 
using clothes and accessories as a way of both conveying and affecting 
behaviour of robotic artifacts. The following conceptual work as well as 
the first round of sketching, tinkering and prototyping was a shared effort 
done together with Ylva Fernaeus. At the later stages I would further 
push on with the sketching and tinkering aspects of the work. Main 
lesson from this paper: 
 

x Sketching out an idea conceptually helps in framing the other 
required parts e.g. (field studies and tinkering) for a stronger 
interaction design concept. 

 
 
Paper V: The Look, The Feel and The Action: Making Sets of 
ActDresses for Robotic Movement 
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Jacobsson, M., Fernaeus, Y., and Tieben, R. The Look, The Feel and The 
Action: Making Sets of ActDresses for Robotic Movement. Proceedings 
of DIS 2010, Aarhus, Denmark, August 17-20, 2010. 
 
In this final paper we use the concept of ActDresses to sketch out and 
develop robotic artifacts that can be controlled using clothes and 
accessories. In a way this is a type of evaluation, which shows that the 
concept can indeed be successfully implemented over and over. It also 
implies that it is not bound to robotic artifacts and hints towards other 
areas where this behaviour exist e.g. mobile devices. 
 
My contribution in this work was in part to supervise our intern Rob 
Tieben and our two bachelor students Victor Luque and Johan Sundin 
who built two of the three reported prototype systems. The other part was 
to write about the overall process and detail the development of these 
demonstrators in relation to the ActDresses concept. Lessons and 
highlights: 
 

x With the Roomba and SquareDance prototypes we showed that 
we could combine high and low-level behaviours in interesting 
ways.  

 
 
Other related publications that are not explicitly included as part of 
this thesis: 
 
Ljungblad, S., Walter, K., Jacobsson, M., and Holmquist, L.E. Designing 
Personal Embodied Agents with Personas. In Proceedings of RO-MAN 
06, The 15th IEEE International Symposium on Robot and Human 
Interactive Communication, Hatfield, United Kingdom. (Full paper) 
 
Jacobsson, M., Bodin, J., and Holmquist, L.E. The see-Puck: A Platform 
for Exploring Human-Robot Relationships. In Proceedings of CHI 2008, 
Florence, Italy, April 10-15, 2008. (Short Paper) 
 
Jacobsson, M., Ljungblad, S., Bodin, J., Knurek, J., and Holmquist, L.E. 
GlowBots: Robots That Evolve Relationships. In Adjunct Proceedings of 
SIGGRAPH 2007, San Diego, USA, August 5-9, 2007. (Abstract) 
 
Fernaeus, Y., Jacobsson, M., Ljungblad, S., and Holmquist, L. E. Are we 
living in a robot cargo cult?. In Proceedings of the 4th ACM/IEEE 
international Conference on HRI '09. ACM, New York, NY. (Short 
Paper) 
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Fernaeus, Y., Ljungblad, S., Jacobsson, M., and Taylor, A. 2009. Where 
third wave HCI meets HRI: Report from a workshop on user-centred 
design of robots. In Proceedings of the 4th ACM/IEEE international 
Conference on HRI '09. ACM, New York, NY. (Short Paper) 
 
Fernaeus, Y., Jacobsson, M., Ljungblad, S., Håkansson, M., and 
Holmquist, L. E. (2009) Contrasting Perspectives on Robots: a study 
among artists, researchers and the general public. In Proceedings of HRI 
2009, 9-13 March 2009, La Jolla, California, USA. (Short Paper) 
 
Fernaeus, Y., Håkansson, M., Jacobsson, M., and Ljungblad, S. (2010). 
How do you play with a robotic toy animal? A long-term study of Pleo. 
In Proceedings of IDC'10. (Full Paper) 
 
Ljungblad, S., Kotrbova, J., Jacobsson, M., Cramer, H., and  
Niechwiadowicz K. 2012. Hospital robot at work: something alien or an 
intelligent colleague?. In Proceedings of CSCW '12. ACM, New York, 
NY. (Full Paper) 
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 2 
Background and Related Work 

 
This chapter introduces a brief background and related work that aims to 
frame a few selected white spots or touching points where tinkering can 
be pulled to the foreground with respect to research in HCI. Here a more 
practical stance of HCI will be presented where researchers are to be 
considered as crafters using their own set of materials and how it 
connects  to  today’s  emerging  maker  movement  and  Do-It-Yourself (DIY) 
practices in society at large. 
 
My own understanding of what has unfolded in more recent years is a 
development in mainly three directions – the first being the extending of 
the concept of embodied interaction [Dourish 2004] into an even more 
critical take influenced by e.g. feminist theory and philosophy of the 
corporeal [Butler 2006; Sheets-Johnstone 2009]. Secondly, design has 
emerged as a way to talk about how HCI as a field to a large part has 
everything to do with actually crafting interactive artifacts using 
physical-digital materials [Zimmerman et al. 2007; Löwgren and 
Stolterman 2007; Buxton 2007; Holmquist 2012; Sundström 2010]. 
Thirdly, there has been a development that deals with studying things “in 
the wild”, where the wild is based on everyday and real world use in its 
broadest sense [Rogers 2012; Brown et al. 2011; Weilenmann and Juhlin 
2011]. As will be argued for through this overview, the research field of 
HCI is currently moving in a direction that revisits crafting practices with 
respect to interactive materials and even starts to question the role of 
design beyond  what  can  be  captured  in  the  notion  of  “design”  [Frens and 
Hengeveld 2013].  
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2.1 Robotic Artifacts and Materials 
In this thesis robots are considered to be physically manifested artifacts 
that are crafted through a design process. Interaction design, when 
applied to more engineering-oriented fields like robotics, takes a broader 
view and strives to make technology that supports rather than supress 
interaction. Artificial intelligence is generally seen as closely connected 
to robotic agents and thus an integral part of any type of human robot 
interaction. Alex Taylor has argued for an interactionist take on 
intelligence that states that some artifacts exhibit behaviour that we may 
be ready to treat as intelligent [Taylor 2009]. This means that it is 
possible to view intelligence as something that is not fixed, but open for 
interpretation as we go along and interact with artifacts. This is clearly a 
break from traditional ways of viewing artificial intelligence as 
something given and at the same time indicates that HCI and interaction 
design are in a sweet-spot for treating intelligence as an available 
resource in the design process. Carl Di Salvo makes the following 
visionary commentary on robots viewed from the perspective of 
interaction design: 
 
“Robots   are   hyperboles   of   the   products   contemporary   designers   are  
challenged with. That is, they are an exaggeration of the contemporary 
products  because  “robots  are  everything  all  at  once”:  complex  embodied  
technological artifacts that require significant design knowledge of 
industrial, communication, interaction, service design, potent cultural 
icons, and, too, the most mundane  of  gadgets.” [Saffer 2009, pp.202] 
 
In part, this is the same argument that this thesis is founded on, but taken 
a bit further in the direction of viewing robotic artifacts as something that 
is made up by physical and digital materials that can be crafted together. 
The following examples will describe two research-related examples of 

  
Figure 2: The Hug, a plush pillow that is designed to provide an experience 
reminiscent of hugging developed by Gemperle et.al at Carnegie Mellon 
University. 
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robotic artifacts that illustrate this perspective and that have been 
inspirational to my work. The first example is The Hug, a robotic artifact 
that communicated remote hugging activities or that in another version 
simply   “hugged   back”   when   being   hugged   [Gemperle et al. 2003]. 
Design wise it had many basic qualities of a pillow, and the space the 
research group investigated were intimate social communication together 
with physical communication. One of the primary intended user groups 
for this technology were senior citizens, and the idea was to bring family 
members separated by distances, closer together by more physical means 
of communicating. As such this project thereby sometimes falls under the 
category of assistive technologies, but the design could as easily also be 
imagined for a more general user group with regards to self-affective 
measures, e.g. a comforting pillow or a pillow for watching horror 
movies. Just as the authors conclude, a hug addresses a very basic human 
need and is perceived in interesting ways when performed by a technical 
artifact. 
 
The second example is Tabby, a pulsating, breathing, furry lamp that 
gives life-like artifacts a whole new dimension [Ueki et al. 2007]. While 
having the practical functionality of an ordinary desk lamp, it features an 
air-pump that inflates and deflates a thin rubber-balloon-like cover made 
of a furry fabric. This results in a calm breathing that has an aesthetics to 
it that is reminiscent to having a pet-cat that sleeps on a chair or table. 
The purring sound from the fan can in this way actually complement the 
experience rather than be annoying as it often turns out when e.g. an 

 
Figure 3:   Tabby,   the   furry,   “breathing”,   light   emitting   artifact   from   Keio  
University 
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otherwise static computer-rack turns robotic by being equipped with little 
else than wheels and a few sensors. Its spherical posture conveys a sense 
of integrity that speaks of “Hey  I  am  here,  and  this  is  my  space”. Thus, 
paying attention to governing details when composing an artifact, making 
sure that materials go well together in an overall aesthetics, is a primary 
challenge seen from an interaction design perspective. These two 
examples emphasize that the emerging role of everyday robotics is far 
from fixed regarding the visions portrayed through popular media (more 
on this topic in Paper III).  There  is  also  a  distinct  physical  “softness” to 
these examples that speaks for a more corporeal – body to body, non-
verbal type of interaction. Further explorations in this area have been 
made by e.g. Thecla Schiphorst [Schiphorst 2009], by looking at aspects 
of embodied soft figures and how this notion of softness can be regarded 
a kind of design material that encourages more bodily interaction. 
 
At the point where this research started, there were several studies of 
human-robot interaction in existence (e.g. studies of Roomba and Aibo), 
but when it came to designing robotic artifacts or exploring the design-
space for such artifacts there were still much research to be done. 
Nowadays, robotic artifacts are generally built using the very same 
materials used to craft interactive technologies, something that we may 
refer to as simply physical-digital materials [Sundström et al. 2011; 
Fuchsberger et al. 2013] or even robotic materials. As robotic artifacts, 
they highlight many of the practices and activities involved when crafting 
with  these  materials.  For  example  the  “live”  aspect  becomes  particularly  
important  from  an  interaction  design  point  of  view  since  a  “living”  non-
static artifact implies crafting with materials that both act and  “talk  back” 
in a more literal way than traditional materials (e.g. [Schön 1984; 
Tholander et al. 2012]). Research around robots and robotic artifacts is a 
relatively narrow genre within interaction design research, and in 
particular the research that explores its specific materiality and 
craftsmanship aspects have not really taken off yet. However, as detailed 
in Paper III, there exist practitioners and knowledge of working with 
these materials e.g. in the ArtBots community. What robotic artifacts then 
provide is a kind of lens through which certain crafting practices in 
interaction design become even more visible by studying these 
communities and at the same time reflecting upon our own work. 
 

2.1.1 Materials, Materiality and Media 
A more recent move within interaction design and HCI research is the 
discussion regarding materials, materiality and media. One fundamental 
question in these discussions concerns how we as researchers can extend 
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our conception of the materials that are used in interaction design as 
being different from traditional materials. Fernaeus and Sundström 
suggest that, there is right now an emerging need for highlighting more 
distinctive material properties within HCI [Fernaeus and Sundström DIS 
2012]. This then becomes central to the HCI-field as researchers and 
practitioners put together and explore these materials using a range of 
skill sets, hands on crafting and material knowledge [Redström 2001]. 
Through the years there has been a development from considering these 
materials   that  make  up  interactive  technology  as  “without  properties”  to  
being computational composites to being physical-digital materials that 
actually do have properties [Löwgren and Stolterman 2007; Vallgårda 
and Sokoler 2009; Sundström et al. 2011]. In this thesis the notion of 
physical-digital materials as well as interactive materials are used 
interchangeably and sometimes more specifically robotic materials 
depending on if the context is more related to designing interactive 
artifacts or robotic artifacts.  
 
I participated in the 2012 workshop on materials and materiality at the 
annual CHI conference, and this year (2013) a number of papers brought 
out various aspects on this topic. For instance, one by Fuchsberger et.al 
[Fuchsberger et al. 2013] highlights the connection between materiality 
and media in HCI analyzed   through   Latour’s   Actor   Network Theory 
(ANT)   and   McLuhan’s   media   analysis   framework,   by   considering   the  
active role of materials. Firstly, what they underline in their work is a 
detailed argument for how physical-digital materials are profoundly 
different given their richness as both media and material properties. 
Secondly, while discussing how they applied the ANT framework they 
infer an elaborate definition of how tinkering can be viewed as the very 
associations that make up the emerging networks: 
 
“A network consists of associations which have to be established. These 
associations define the relatedness of the actors within the network, and 
can be described in terms of collaboration, clash, addition, tension, 
exclusion, inclusion, etc. Associations are also sometimes called 
tinkering, emphasizing the step-by-step activities performed by the 
actors” [Fuchsberger et al. 2013] 
 
Thus, it is precisely these activities framed as an intentional collective 
and their relationship with physical-digital materials that is the main 
focus of this thesis. From a practitioner’s perspective, the primary 
advantage of viewing something as a material is that it becomes 
immediately available, its properties and qualities can be teased out and 
literally put at one’s fingertips ready to be crafted with.  
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Framing the space between media and materials through the levels of 
interaction, dynamics and software/hardware (digital/physical) 
integration gives an overview of the relationship between these as if they 
were to be considered physical-digital materials. In Figure 4, smartphone 
and tablet PC represents the media and the experience it conveys rather 
than the devices in themselves. 
 

 
All these materials (or forms of media) will require material knowledge 
such as what it means to craft and work with them. Since tinkering 
implies working more directly with materials it also means working 
directly with materials that   come   to   “live”   which is articulated when 
working with robotic artifacts or other dynamic materials. This is 
different from e.g. sketching, in that it means working with 
representations on the conceptual level while still working hands on with 
the very materials of an artifact.  
 
To summarize, detailing aspects of the craftsmanship with interactive 
materials is something of an on-going meta-level project within HCI, 
which several researchers currently are trying to articulate. Tinkering 
offers a term to describe some of the hands-on aspects of doing research 
with physical-digital materials in this research domain. As an attitude it 

 
Figure 4: Attempt at positioning robotic materials from an interaction design 
point of view.  
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relates to a number of established practices such as prototyping, 
sketching in hardware and reverse engineering, but from the perspective 
of an intentional collective of activities or attitude.  

 

2.1.2 Robotic Materials  
With design comes a tradition of working with various materials and 
acquiring what we call material knowledge, a kind of encompassing 
knowledge about materials; their properties and qualities, how one can 
craft and build with them and how they might fit together with other 
materials [Cross 2010; Löwgren and Stolterman 2007]. This type of 
knowledge has proven to be relatively difficult to define, communicate 
and externalize, even when working with simpler, well defined and well 
behaved materials. In fact, a common insight is that it is seldom possible 
to copy or imitate the practices of dealing with classical materials like 
clay, wood and paper straight off for interaction design purposes. Robotic 
materials as a subset of interactive materials, bring out other practices and 
skill sets, e.g. component knowledge – how parts fits together with other 
parts, system knowledge – how functionality works from a systems 
perspective, interaction knowledge – how systems works with people in 
the loop, and computer knowledge – how it is programmed to produce 
the wanted behaviour – digital as well as physical. Not only does this 
group of interactive materials incorporate already existing practices 
(programming, sketching in hardware, prototyping, reverse engineering, 
hacking, etc) but as I argue in this thesis it also hints of a signifying 
attitude that complements design, engineering and field studies.  
 
The specific field of Human Robot Interaction (HRI) initially emerged 
out of cognitive science, and engineering practices further emphasises the 
use of physical-digital materials. However, HRI has in a way not yet 
incorporated a design-oriented philosophical tradition as in the broader 
field of HCI and interaction design. These materials are emphasising a 
strong  physical  “in  the  real  world”  presence  as  well  as  tapping  into  every  
aspect of traditional interaction design. Robots and interactive 
companions are thus not only traditional devices but should be regarded 
as dynamic actors within our everyday contexts. Such contexts span over 
both physical and social domains, e.g. we will not only touch them, we 
will even relate to them through social media [Cramer and Büttner 2011].  
 
Moreover, technology can be seen as something akin to bodies, and link 
to the philosophical meaning of the fact that motion appears to somehow 
articulate embodiment [Taylor 2009]. For instance, Alex Taylor explores 
the more rough sides of technology where e.g. where robots would be 
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viewed as  “dirty”  in  the  sense  of  having  biological  compounds.  It  is  thus  
an interesting paradox that we in academic writing often refer to the 
human body as the user that is at all times ready to use, or simply just not 
worth emphasizing beyond the interaction it provides. Just as we as 
people  may  unreflectively  “wash  our  hands”,  we  are  often  unable  to  grasp  
the sheer complexity of our body interacting with the soap, thus reducing 
it to a bland concept. Maxine Sheets-Johnstone summarizes the issue at 
hand in one clear sentence: 
 
"More broadly, the hard problem is to see ourselves and all forms of life 
as intact organisms, living bodies, rather than as brains or machines." 
 
Similarly to when Hutchins emphasizes that context matters [Hutchins 
1996], our bodily involvement in our work and practice plays a 
significant role both in interaction design and HCI as a whole [Klemmer 
et al. 2006]. Although it is somewhat of a reflection on the side, Sheets-
Johnstone points out what her overall argument about corporeal might 
imply for robotic artifacts more specifically: 
 
"Robots are not forms of life to whom emotions happen but remote-
controlled puppets to which signals are sent; they are not moved to move, 
but are programmed to move." 
 
All these apprehensions are vital for when designing robotic artifacts as 
they too are expressions for when technology is both in movement and in 
corpus. Pfeifer and Bongard came to a similar conclusion but from the 
direction of artificial intelligence stating that “intelligence   requires   a  
body”. More importantly, they build and craft prototypes and systems in 
order to better understand the role of embodiment, but from a view that 
tries to emphasize that artifacts are embodied [Pfeifer and Bongard 
2007]. At the end they do express a desire for design, but in the sense that 
engineers often talk about design which is in far more functional terms 
and abundant of interaction and studies thereof. This reflection brings us 
back to Schön’s  argument  about   the  separation  between  knowledge  and  
practice in academia and as research practitioners and academics we 
might have to ask ourselves if we are actually once again are abstracting 
away the researcher as a craftsperson by not seeing the practices for what 
they are. 
 

2.1.3 Interaction Design and Embodied Interaction 
Who is a designer in interaction design? For me personally this is one of 
the more problematic questions, which is probably due to what I regard 
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as conflicting attitudes. Zimmerman provides an interesting reflection, in 
particular highlighting just how problematic it has become to talk about 
design [Zimmerman et al. 2007]. In some cases design speaks of 
professionalism, where the designer is a practitioner who produces the 
specifications for an artifact [Cross 2010, pp.33]. But will the rest of us 
then be disqualified to talk about our practices as design? Fällman argues 
for having a design attitude, which in a way is a more inclusive term that 
does not exclude the interdisciplinary researcher who has a non-designer 
background [Fällman 2003]. Furthermore the concept of design appears 
to be somewhat affected by a cultural divide where the meaning ranges 
from  “everything   that  is  crafted”  to  “representational  sketches”   to  much  
more  specifically  “giving  form”.   
 
In one textbook on interaction design, Löwgren and Stolterman  
[Löwgren and Stolterman 2007] presents an overview of what it takes to 
be an interaction design practitioner. The general design process is 
described as moving from vision to specification and it brings up a 
discussion   by   Christopher   Alexander   in   the   1970’s,   concerning   how    
modern architecture emerged as a result from the professional division 
between labour and responsibility due to increased complexity. At the 
same time Löwgren and Stolterman suggest that there has always existed 
a movement of craft within HCI and interaction design as outlined by 
Wroblewski  in  his  text  “The  Construction  of  Human-Computer Interfaces 
Considered   as   a   Craft”   from   1991.   This is particularly relevant to this 
thesis as Wroblewski suggested that we may regard a researcher within 
interaction design as an articulate craftsman who tinkers with tools and 
materials that have both physical and digital properties [Wroblewski 
1991]. 
 
In   his   book   “Where   the   Action   is   – The Foundations of Embodied 
Interaction”,   Paul   Dourish   [Dourish 2004] presents a perspective of 
interaction design based on phenomenology. Dourish delivered an 
argument that spans several evolutions of interactive manipulation 
modalities, e.g. electrical, symbolic, textual and graphical. This main 
argument suggested that the experiences of computation spanning these 
modalities while seen from either a social or a tangible perspective could 
be seen as drawing from phenomenology as its philosophical foundation. 
Furthermore Dourish gave an overview of the involved practices that 
govern interaction design research in terms of designing, building and 
studying (although not taking it as far as a circular revolving process). 
Towards the end, he summarizes his case by identifying a particular 
attitude and program among the research that he looks at [Dourish 2004]. 
Rather than elaborating more broadly about these attitudes, he 
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summarizes that embodiment is the one unifying perspective that brings 
these practices of interaction design research together. 
 
However, this notion of embodied interaction is not the only way to talk 
about embodiment in HCI. Since my focus to a large part deals with 
robotic artifacts, I would like to comment on what it might mean for a 
piece of interactive technology to be embodied. In the domain of tangible 
and robotic interfaces, embodied sometimes refer to interactive devices 
that it is self-contained and that interaction somehow unfolds through its 
physical presence and appearance. As such it may acquire a state of 
agency or character that is tightly bound to physical, social and cultural 
aspects of interaction [Laurel 1993]. I am however aware that this is a 
different  interpretation  of  embodiment,  one  that  diverges  from  Dourish’s  
notion of embodied interaction which is about how interaction is coupled 
to the human body as the centre for social action in relation to the sense-
making process involving the use of artifacts [Dourish 2004, pp.189]. 
Thus, at this level, I will have to take an inclusive stance and treat both 
humans and artifacts as agents or actors which are to be seen as equal in 
terms of having embodiment, i.e. a physical body.  
 
In the vision for ubiquitous computing [Weiser 1991], computers as we 
know them disappear into the fabric of everyday things while 
computation at the same time bleeds into everyday activities. As a 
contrast the mainstream vision of robots is nearly the exact opposite in 
that physically manifested robots are foretold to be increasingly present 
and articulated throughout our environments. As a way of articulating 
this physical aspect of interactive robotic artifacts, Fernaeus suggests that 
we may view technology as resources for human action and experience 
[Fernaeus 2009]. This is an attempt at studying embodied interactive 
entities from a user-centred rather than a data/AI-centric perspective that 
otherwise is still common within the HRI community. The model as such 
takes a stance in tangible interaction and outlines four dimensions for 
how a physical artifact works as a resource for human action: 
 

x Physical manipulation 
x Contextually oriented action 
x Digitally mediated action 
x Perception and sensory experience 

 
These dimensions are then addressed through a set of guiding questions 
to reflect upon when studying or designing the artifacts. For instance, 
when looking into physical manipulation the designer might ask what 
kind of physical manipulations can be supported by the device. The 
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corresponding guiding question for a user study would be to inquire 
about how people  physically  handle  or  manipulate  the  device  out  “in  the  
wild”  [Fernaeus 2009].  
 

2.2 Tinkering 
The goal of this thesis is not to push for a brand new concept, but rather 
to articulate what is already going on through focused observation and 
reflection based on my own research experiences in the field of 
interaction design. As I will detail in this chapter, there are areas in HCI 
and interaction design that are being discussed right now that relate to a 
governing term describing a class of activities related to crafting. The 
French term bricolage was introduced by Levis Strauss as a concept that 
captured the use of materials at hand to create new things [Lévi-Strauss 
1966]. This concept is   in   many   ways   identical   to   “tinkering”   in   its  
original interpretation [Lévi-Strauss 1966], and has been brought up in 
e.g. design studies [Louridas 1999]. However, although bricolage has 
previously been introduced in HCI [Blackwell 2006], it has over the years 
been coupled with practices connected more closely to software and 
programming. For instance my colleagues and I have ourselves used the 
term in our own work to talk about how people may dress up robots as a 
way of doing end-user programming [Jacobsson et al. 2010]. But tracing 
back to its original meaning, the concept of bricolage appears 
interchangeable with respect to the nowadays notion of tinkering. A final 
argument for why I prefer to use the term tinkering is that it may appear 
more coherent in style when writing in English. In Chapter 4, I will 
present a brief account of tinkering as a concept and tie it to my own 
experiences with hands-on work and corporeal aspects of crafting with 
robotic materials. 
 

2.2.1 Attitude versus Practice 
Through the previous overview of some of the ongoing discussions 
around materiality in HCI there is something of an intentional collective 
of activities that are related to its crafting practices [Fuchsberger et al. 
2013]. One approach is to consider this collective of activities as an 
attitude that directs and acknowledges our work in terms of processes and 
practice.  
 
In Donald Schön’s  book  “The  Reflective  Practitioner”,  readers  are  being  
immersed into a discussion about knowledge production (anno 1984) and 
its relation to professional practices [Schön 1984]. What makes it typical 
for its time is related to the debate about the normative effect that 
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professionalism  has  and   the  separation  between  “knowing”  and  “doing”  
[Frayling 2011]. By looking at a number of professions, Schön outlined 
what he referred to as knowing-in-practice and suggested that the lion 
part of this knowledge is so called tacit knowledge. This involves the 
delicate networked bulk of small and peculiar ways of knowing or having 
hunches related to practices that are inherently hard to put into definition 
[Crawford 2011]. In a way, tinkering as a part of interaction design (in 
terms of its practices) cannot disregard this issue, and the purpose with 
this section is to be explicit about this matter. This is for instance why 
reading e.g. this dissertation will not in an easy way translate to the 
corporeal knowledge acquired through actual tinkering practice. 
 
While referring to Schön, I would like to highlight a particular passage 
regarding attitudes, a theme that he only briefly touches upon almost in 
passing.  In  one  section  he  quotes  Edgar  Schein,  and  summarises  Schein’s  
three main components of professional knowledge [Schön 1984, pp.24]: 
 

1. An underlying discipline or basic science component upon which 
the practice rests or from which it is developed. 

2. An applied science or “engineering” component from which 
many of the day to day diagnostic procedures and problem 
solutions are derived. 

3. A skills and attitudinal component that concerns the actual 
performance of services to the client, using the underlying basic 
and applied knowledge. 

 
Here, Schön asks us to pay attention to this structure as it tries to convey 
a kind of norm hidden  in  the  structural  notion  of  how  “applied  science”  
rests  on  the  shoulders  of  “basic  science”.  Another  way  to  put  it   is   to  be  
sensitive towards the implication of giving certain schools of thought 
higher status. Keeping this in mind while focusing on the third point, 
highlights something quite intricate as it infers a second separation 
between practice and attitude in terms of knowledge production for an 
applied science. While Schön chose to focus on the practice exerted by 
working professionals, in this thesis I will take another route and dwell a 
bit more on what it means to have an attitude or stance. Thus in my 
interpretation, it would appear that an attitudinal component would offer 
a different foundation to relate to, contrast and complement other 
attitudes and practices within HCI and interaction design research.  
 
That said, Schön is seemingly well before his time; and while struggling 
with making his case about the locus of knowledge, the perhaps best 
framed paragraph for an HCI audience is the following: 
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Both  older  and  newer  schools  have  “nearly  abdicated  responsibility   for  
training   in   the   core   professional   skill”,   in   large   part   because   such  
training would have to be grounded in a science of design which does yet 
not exist. [Schön 1984, pp.47] 
 
Today however, is a different time with other problems and we could 
actually state that we in our research community have an established and 
strong presence of design within HCI, although perhaps not necessarily 
the same notion of design as Schön and others have hinted at. In more 
recent years a number of people, e.g. Cross, Stolterman, Löwgren, 
Fällman and Zimmerman have further developed the idea of having a 
design oriented philosophy while at the same time mapping out relevant 
practices and methods. A tell that our field are in fact advancing would be 
that our research community as a whole now tackles other emerging 
issues, e.g. how to better include and make use of the arts within our 
research community (See e.g. Paper III) [Candy et al. 2012; Gaver et al. 
2003].  
 
Sketching  or  “fiddling”  with  materials  is  what  we  today  are  looking  at  in  
HCI in terms of material knowledge [Fernaeus and Sundström 2012]. In 
the early seventies, John Chris Jones discussed how design activity 
(primarily regarding architecture) from mainly three perspectives: as a 
black box, as a fully transparent process and as a self-organizing system 
[Jones 1992]. Jones showed that how a design activity was carried out 
depended on if it was solution, exploration or problem oriented. In my 
view is tinkering not explicitly just design nor is tinkering only 
engineering. It is reasonable to claim that it should be located somewhere 
in between where it could be properly grounded in its own values through 
practices   like   sketching   or   “fiddling” e.g. being playful, creative and 
explorative. To me, this is where the main difference in attitudes lies. 
Still, and as I will argue in this thesis, we as researchers in this field are 
by no means done yet with shaping the understanding of these involved 
attitudes, and even less so how to fully make the most out of them. 
 

2.2.2 DIY, MAKE Culture and Crafting 
Do-It-Yourself (DIY) and the   so   called   “maker   movement” describe 
everyday practices that almost anyone can engage in using off the shelf 
tools and materials together with online instructions etc [Tanenbaum et 
al. 2013].  These  communities  of  “practice” have recently become popular 
to both study, support and engage in within HCI; and looking at recent 
activities we see diverse examples such as traditional book-binding and 
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restoration using leather [Rosner and Taylor 2011], gadgeteering in 
Steam Punk communities [Tanenbaum et al. 2012], various toolkits and 
adaptations such as Arduino Lilipad [Buechley et al. 2008] (Figure 5), 
Raspberry Pi, etc. Practices in DIY, MAKE Culture and Crafting 
communities thus have a special relationship with interaction design that 
can be studied practiced and learned about. For instance, most interaction 
designers would arguably be engaged in at least some crafting practice, 
either professionally or on a more amateur basis. Currently, I am sitting 
next to research colleagues who sew, knit, blacksmith, cut, fix and carve, 
although these practices usually expresses a simpler and more mundane 
aspect of a skill or practice that stands in contrast to its established 
profession e.g. tailor, smith or shoemaker. 

In particular the tangible, embedded and embodied interaction (TEI) 
conference is partially formed around crafting practices, but also UIST, 
UbiComp and the main SIG-CHI conference expresses a strong interest 
in this direction with their demonstration and interactivity tracks. What is 
interesting in relation to this thesis is the collaborative aspect around 
tinkering. Crafting together shoulder to shoulder, while having that 
tinkering attitude we previously characterized, would in a good way 
facilitate knowledge transfer between people. It is implied that such 
crafting is practice-oriented and that things break down due to 
experimentation and that some parts are more difficult or easier than 
others. Examples of this can be seen in John Seely Brown’s  vision  of  a  
learning environment as well as the maker’s   fairs,   in   good   old   fashion  
knitting   workshops   and   Crawford’s   description   of   motorcycle   repair  
shops [Crawford 2011].    
 
In the discussion on constructionism, Seymour Papert advocates his 
position that there are two styles of solving problems [Papert 1993]. As a 
contrast to the analytical style of solving problems he describes bricolage 

 
Figure 5: Example of artwork made with Arduino Lilipad as 

presented  at  the  TEI’12  demo  session. 
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as a way to learn and solve problems by trying, testing, playing around. 
We have previously argued that bricolage and tinkering are more or less 
identical concepts in terms of an attitude perspective. What is suggested 
here then is that tinkering in a similar way offers a mode for problem 
solving from a constructivist perspective. 
 
“For   planners,   mistakes   are   steps   in   the   wrong   direction;;   bricoleurs  
navigate through midcourse corrections. Bricoleurs approach problem-
solving by entering into a conversation with their work materials that has 
more the flavour of   a   conversation   than   a   monologue.   ”   – Papert & 
Turkle 
 
The maker movement is a good example of how the tinkering attitude is 
spreading and the sense of demands it sets out on products. For 
something to be open means everything and it poses new requirements 
for how to frame the design of artifacts (Figure 6).  From  a  “makers”  (or  
tinkering) perspective; eye-catching, neat or closed designs are not 
favored by this group since they are regarded as un-democratic. 
 

 
Figure 6:  The  maker’s  bill  of  rights  is  a  manifest  that  advocates  a  certain  kind  of  

democratized openness that is at the heart of the maker culture. 

 
A number of companies even make it one of their core ideas to open up 
for tinkering, e.g. Lego, Adafruit, etc. while others focus on serving a 
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broad assortment of sub-level components e.g. Radio Shack. In HCI we 
are seeing an increase of interest for studying how crafting and hacking 
relates to corporations [Rosner and Bean 2009]. Moreover, living in a 
consumer oriented society means having access to an extensive amount 
of  “off  the  shelf”-equipment. In the field of HCI, we must finally come to 
realize that interaction design researchers are also sometimes makers.  
 

2.2.3 A Corporeal Turn 
This section reasons mainly about the very locus of tacit knowledge 
within our human bodies, and what it means for bodies to move in terms 
of implications for discussing robotic artifacts and its materials. In terms 
of phenomenology, Merleau-Ponty argues for corporeity of 
consciousness, meaning that our perception of reality inevitably happens 
through our bodies. Sheets-Johnstone has extended this argument by 
including lines of thought from evolutionary philosophy. She argues that 
thinking is tightly connected to movement, and builds her understanding 
on the evolutionary grounded idea that movement precedes thought: 
 
“Precisely by thinking in movement, infants are gaining knowledge of 
‘objects,   motion,   space   and   causality’   …” [Sheets Johnstone, The 
Corporeal Turn, pp.44] 
 
At the same time it is remarkable to what lengths researchers in 
interaction design take to avoid talking about, struggle to objectify and 
transform the apparent nature of human bodies. On the other hand we as 
researchers tend to at the same time make the most extensive descriptions 
and accounts regarding technical details and procedures. To 
counterweight this the HCI community talk about experiences and 
emotions,  but  not  so  much  directly  about  peoples’  actual physical bodies. 
However, on-going discussions in HCI indicate that the topic is slowly 
progressing as can be seen in the programs from last decades SIG-CHI 
publications, with examples regarding from bodily-experiences to 
somatic explorations and even intimate design [Sundström et al. 2005; 
Schiphorst 2009; Bardzell and Bardzell 2011]. One of the keynotes by 
philosopher Richard Schusterman from CHI 2012 introduced the body 
from the angle of what he refers to as somaesthetics, which advocates a 
program for increased intra-personal bodily-awareness [Shusterman 
2008].   
 
This is interesting, not only because of the phenomenological connection, 
but rather because of our own corporeal practices as researchers, and how 
we can get more profoundly involved with our own work. Not only does 
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knowledge  exist  in  someone’s  “mind”  or  in  the  “wild”  [Hutchins 1996], 
but it also resides in our flesh and bones [Sheets-Johnstone 2009]. Rather 
than being a philosophical pastime, it is not yet clear how our research 
culture must become more self-reflective of its own practices when it 
comes to designing with interactive materials. 
 

2.3 Research and Articulation 
In   the   book   “The   Postmodern  Condition”   by  Loytard   in   1984 [Lyotard 
1984], narratives and in particular stories of how science unfolds were 
severely scrutinized, resulting in a rather confused state where scientists 
must come to terms with that research and ultimately researchers are 
merely human. As researchers we have wishes, dreams, drives, flaws and 
desires just like everyone else. Latour raised a critical voice towards 
established research practices by taking a social constructionist view of 
how academic research works [Latour 1988]. He studied researchers in 
laboratory environments and how they communicated their research 
through scientific arguments. Besides a number of observations about 
academic publishing culture, the overall emphasis in his work stressed 
that researchers in technical domains ought to approach the actual state of 
affairs (getting outside of their labs) which at the time implied a change 
in methods, approaches and in not least attitudes.  
 
What we mean by articulation today originates from how rhetorics, i.e. 
the practice of making an argument, emerged in philosophy [Wood 
2005]. Part of the design tradition in HCI is about how to make such 
articulations both through written text and crafting physical objects such 
as prototypes and demonstrators in order to illustrate or make an 
argument even clearer [Redström 2001]. Tying back to Latours argument, 
these results and contributions can take many forms since they are no 
longer as strictly bounded by traditions in research practices e.g. ones that 
emphasize a strictly unified representation e.g. written text. On the other 
hand what is considered good research may still be contestable, but what 
is clear is that such an articulation – in any form – is a sound and well-
crafted argument that is original, grounded and relevant [Löwgren and 
Stolterman 2007, pp.2] 
 
Practices that govern knowledge generation in HCI at large have evolved 
over time resulting from a constant influx of adopted methodologies such 
as e.g. methods from ethnography and design. Depending on 
stakeholders, visions and societal motivation such practices have been 
captured in models of governing research processes as a way of 
theorizing across traditional field domains. One of the very earliest 
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models in HCI that is relevant to the topic of tinkering and interaction 
design   is   the   so   called  Verplank’s   spiral (Figure 7) which captures one 
idea of what an overall design oriented research process is about. William 
Verplank, a former Xerox PARC veteran introduced the term Interaction 
Design together with William Moggridge  in  the  mid  80’s,  some  ten  years  
before the term would emerge in HCI as part of the general move towards 
design theory [Moggridge 2007].  
 

 
Figure 7: The classical Verplank hack and hunch spiral model of an interaction 
design research process. 

This model captures the research process in a number of 
conceptualizations (top), states (bottom) and hands on practices in the 
middle. According to this model, interaction design appears to revolve 
around a kind of kernel that is not yet named, but that involves hack, 
hunch, variations and test. In my view this kernel is clearly related to a 
whole range of crafting practices and methods for grounding hunches, 
that more coherently may be described by a governing attitude within the 
interaction design umbrella. 
 
From Verplank let us move on to Zimmerman and his colleagues notion 
of research through design   from   a   HCI   practitioner’s   perspective   (not 
necessarily a researcher) [Zimmerman et al. 2007]. In their view the 
interaction designer attempts to do the right thing – that is changing the 
world from a known state into a preferred state as suggested by Herbert 
Simon [Simon 1996]. More importantly Zimmerman et.al purposefully 
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map out what the role of interaction designers is in relation to engineers, 
behavioral and social scientists. In this description the role of interaction 
design specialists is central in the production of knowledge produced by 
the HCI research community, intended to be transferred towards HCI 
practitioners. Furthermore, such knowledge is at large based on research 
artifacts that represent “what   ought   to   be”.   Examples   of   such   artifacts  
range all the way from design patterns to research prototypes and are 
different from how HCI and design practitioners work in the sense that 
the latter focus on commercially oriented products. Here it must be 
emphasized that the notion of design as used within research not 
automatically translates into e.g. form-giving, industrial or product design 
[Zimmerman et al. 2007].  
 

2.3.1 Strong Concepts 
Conceptualization in design is about the sort of intermediate knowledge 
that resides between implementations and theory. The governing method 
is research through design as outlined and practiced by Zimmerman, 
Fällman, Löwgren, Höök, Holmquist and others [Zimmerman et al. 
2007]. Examples of such intermediate bodies of knowledge are patterns, 
guidelines, frameworks, methods and tools, approaches, etc. Recently 
Höök and Löwgren [Höök and Löwgren 2012] introduced the notion of 
so called strong concepts, a sort of ecological and epistemological take on 
concepts that emphasizes a format suitable for interaction design. Along 
with the definition they present instructions for both how to assemble and 
disseminate them academically, an interesting approach for positioning 
them within research. Höök and Löwgren describe strong concepts in the 
following way: 
 
“Strong   concepts   are   generative   pieces   of   knowledge,   in   the   sense   that  
they help generate new solutions for a particular design situation. When 
an interaction designer or researcher has appropriated a particular 
strong concept, it comes into play during ideation by suggesting specific 
directions and guiding the design towards particular operative images 
that can be further elaborated and detailed.” [Höök and Löwgren 2012, 
p.5] 
 
Notably, Höök and Löwgren highlight an additional generative condition 
linked to their notion of strong concepts. That is to say that the research 
results, in particular within interaction design oriented HCI, should also 
generate and inspire new artifacts or concepts [Höök and Löwgren 2012]. 
In a way this broadens our perspective of what constitutes as verifiable – 
a  concept  that  produces  “offspring”  survives  thus  verifies  its  reproductive 
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integrity, to put it in evolutionary terms. Creating a strong concept in 
interaction design could be seen as to unfold over two phases. Firstly, it is 
articulated through its relation and relevance relative to other concepts 
and secondly, it gets defined by its applications and uptake. These two 
phases correlate to its theoretical grounding (other concepts and theory) 
and real world grounding (results from conducting studies). In addition, 
the uptake hinges around its ability of being generative and relevant, thus 
producing instances or artifacts that actually embody and become 
proponents of the concept. Ways in which a concept would fail could for 
instance be that another competing concept challenge it,   that   it   isn’t  
strong enough for survival, too vernacular or that it arrives too early and 
therefore become old fashioned when its generative qualities kick in.  
 
In my work I have adopted this notion of strong concepts by having an 
attitude where I allow myself to get familiar with the materials at hand 
while at the same time articulating and grounding my work in studies, 
hands-on practices and theory. The one project in this thesis that perhaps 
best correlates to this methodological approach is ActDresses (see Paper 
IV and Paper V). By combining theoretical grounding (visiting theories), 
real world grounding (conducting studies) and crafting instances 
(building demonstrators), these three together form a foundation for how 
one can develop novel concepts within HCI. However, to succeed as a 
concept in research it must still be properly published and disseminated 
in order to generate and ensure uptake [Latour 1988]. That said, strong 
concepts are in my view not separable from the prototypes, mock-ups and 
sketches that helped in shaping them. In fact, it may very well be these 
very artifacts and the real-world embodied interaction with them that 
make the  concepts  “strong”  (i.e.  sharable  and  understandable). 
 

2.3.2 Grounding it in the Wild 
The concept of grounding is based on Grounded Theory (GT) outlined in 
the   mid   60’s   by   Glaser   and   Strauss   as   a   methodological   approach   in  
sociology for turning data into theory [Glaser and Strauss 1967]. Before, 
theory was (in most cases) regarded as hypothesises to be tested and 
verified through statistical means, whereas in grounded theory a 
hypothesis was the result of an in-depth analysis of collected data through 
studies conducted in the real world. The main argument suggested by the 
theory is that something observable   “that  what   is”   resides   in   the  world  
that can be captured conceptually through a bottom-up approach. Thus, 
theoretical concepts or hypothesises cannot simply be made up a priori, 
but based on what is observed or in this case studied. GT has since its 
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first publication been rigorously developed into a detailed framework and 
methodology.   
 
In HCI, GT has been viewed as an inductive approach that not only 
serves to generate well-grounded theories from ethnographic studies 
[Lazar et al. 2010] but also grounds design concepts [Ljungblad and 
Holmquist 2007]. This also relates to the concept of  “in  the  wild”  in  the  
sense that grounding hinges around data about unfolding interactions in 
everyday contexts. The basis for approaching GT generally consists of 
four stages [Lazar et al. 2010, p.284]: 
 

x Open Coding 
x Concept Development 
x Categorization of Concepts 
x Theory Formation 

 
Regarding studies of products, Lucy Suchman studied how people 
engaged  with  printers  in  the  early  80’s.  Inspired  by Geertz and others, she 
took on the task of questioning the cognitivist approach by pointing out 
how important contextual and social factors were in terms of affordances 
and resources for action [Suchman 1987]. The key point can be 
summarized in this quote from her book: 
 
“The  emergent  properties  of  action  means   that   it   is  not  predetermined,  
but neither is it random. A basic research goal for studies of situated 
action, therefore, is to explicate the relationship between structures of 
action  and  social  circumstances.” [Suchman, 1987, pp.179] 
 
This means that the situated and social contexts frame the interaction and 
should not be separated through lab-studies or strict measures of 
efficiency. Yvonne Rogers gives a more recent account for how HCI 
views this turn to the wild and gives further arguments to why it is 
important [Rogers 2012]. For one it marks the difference between 
usability and experience as the latter is intimately connected to the 
setting. Rogers exemplifies this by discussing the broader experience of 
buying a product, for instance browsing through a supermarket, looking 
for known brands, judging the attractiveness of the packaging, carrying 
home the product in a bag, enjoying the feeling of unboxing, the smell of 
something new, quality, ignoring the manual, and so forth. In the chapter 
regarding studies of interaction (Chapter 3) I will continue to reflect upon 
what constitutes  as  “the  wild”,  and  in  particular  how  it  relates  to  my  own  
overall research process. 
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It  is  reasonable  to  assume  that  the  “real  thing”  is  something researchers in 
our field need to have a healthy relationship with. This is where 
grounding in reality becomes essential and why studies of people in the 
everyday, wild, real, marginal, and so forth, matters not only as 
evaluations, but as grounding those other practices of making. As 
researchers in HCI we may at this point start to question whether the 
physical-digital artifacts we craft are to be evaluated as designs (instances 
of concepts), or as artifacts that are put through a number of more 
grounded trials with the overall goal to produce strong(er) concepts with 
a capability to generate multiple instances. 
 

2.3.3 Prototypes as Grounding through Tinkering 
In a design oriented HCI it is implied that prototypes or artifacts 
composed of various materials are crafted as part of a research practice 
[Löwgren and Stolterman 2007; Zimmerman et al. 2007]. Materials are 
used in a quite generic sense here, and can mean everything ranging from 
specific functionality e.g. wireless connectivity to certain properties e.g. 
elasticity as well as to descriptive representation e.g. wooden. In short, 
different materials can be seen as having distinctive affordances and 
properties that can be recombined into artifacts. One way of looking at 
research prototypes is that they emerge when stretching a research 
question into materials that have certain functionality (but not necessarily 
form). There are a number of motivations that come to mind for adopting 
this this perspective e.g.: 
 

x Building and crafting as a way of exploring a research question 
x Constructing   (physical)   probes   or   provocations   (“probocation”,  

“provotypes”)  for  eliciting  and  capturing  data 
x As to conduct deliberate design interventions 
x Aiming for product design towards consumers 
x As  art  or  “objects  to  think  with” 
x As a manifestation of a concept, knowledge carrier 
x As a modification of an existing artifact for incremental 

improvement 
 

One example of a metaphor for when something is not grounded and thus 
out of touch with reality is the Cargo Cult discussion, coined by Richard 
Feynman in his 1974 speech to Caltech students regarding scientific 
practice. In this talk Feynman expressed a worry for a kind of scientific 
activity that shallowly engages in honest experimentation [Feynman 
1974]. In HCI and interaction design, the term has been used to express 
an unavoidable division between representation and what is real 
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[Holmquist 2005]. Holmquist realized this issue and argued about what is 
grounded, represented and assumed in the practices found in interaction 
design. For instance, mock-ups are artifacts that have the appearance but 
not the functionality of the real thing. Similarly a prototype would have 
the functionality but not the appearance of the real thing. In other words, 
artifacts produced in interaction design research should be treated as 
vehicles of various degrees of knowledge, representation and grounding 
rather than finished products. 
 
A related term is demonstrator, which means that the focus is shifted 
towards how the object is made ready for interaction and ready to be 
experienced.   In   “Technology   as   Experience”,   McCarthy   and Wright 
suggest that ethnographic practices are particularly suited for capturing 
accounts of experiences enabled by technology [McCarthy and Wright 
2004]. However, the first hands-on experience of an interactive object 
can in my view happen precisely when technology is being crafted or 
even as part of a process when a technical yet unfamiliar artifact is being 
taken apart. Going from this very first glimpse of an experience to the 
experience handed through a demonstrator is quite a leap, and it may be 
worth the effort of using such ethnographic practices earlier on in the 
design process.  
 
Looking at a couple of classic examples, Douglas Engelbart and William 
English demonstrated their famous first prototype of a computer mouse 
back in 1963. While Engelbart has been credited to be the designer 
behind the mouse concept, it seems that it was in fact English who 
actually crafted and put together the prototype [English et al. 1967]. 
Similarly, while Steve Jobs had the role of a visionary and entrepreneur, 
it was his companion Steve Wozniak who pretty much single handily 
crafted together the prototype of the Apple I personal computer in 1976 
(greatly inspired by e.g. Alan Kay and Adele Goldberg’s work at Xerox 
PARC) [Wozniak 2007; Isaacson 2011]. Today Apple has become 
something of a branded definition of what excellent design would be and 
how it is supposed to be experienced. This highlights an issue with design 
in that it sometimes might conceal other types of more hands-on 
craftsmanship.  
 
One way of looking at prototypes is from the other direction – that 
material exploration through a tinkering process spawn a prototype that at 
the same time becomes a new and novel concept. To give an example – 
Topobo, developed by Raffle and Parkes at MIT Media Lab, is a 
conceptually related system where lego-like pieces are put together, some 
of which are joints capable of repeatedly playing back on the fly recorded 
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motions [Raffle et al. 2004]. The resulting artifacts can  be  ‘programmed’  
to move about, using movement as input. Furthermore, from a conceptual 
point of view, these examples show how tightly connected the descriptive 
and concrete parts are. In a way, these concepts and their corresponding 
demonstrators complement and become inseparable from each other. 
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3 
Studying Existing Interactions 

 
This chapter discusses how tinkering activities can be grounded and 
guided by real use through studies of existing practices and products, and 
in what way those study methods may offer grounding in a governing 
design process. The methodological exploration presented in this chapter 
is based on three studies of a commercial robotic toy dinosaur named 
Pleo. Compared to most other toys, Pleo is technically very sophisticated, 
and after its release in late 2007 it gained interest by several research 
groups in the area of HCI [Segura et al. 2012; Ryokai et al. 2009; 
Paepcke and Takayama 2010]. Reasons for using an existing commercial 
artifact for these studies, rather than a research prototype or design of our 
own, were to shed light on methodological issues regarding what it means 
to ground research in the wild rather than bringing a narrow focus to the 
design process. 
 
Studying an artifact while under construction can lack fundamental 
aspects of real world use e.g. the absence of developed practice, as 
discussed by Crabtree [Crabtree et al. 2006]. Furthermore, it has been 
pointed out that even trials of new technology as such suffer from a 
“absence  of  practice”   in   that  novel   technology   is   supposed   to   support  a  
practice that has not yet emerged [Brown et al. 2011; Crabtree 2004]. 
Studies on an existing product eliminate some of these methodological 
challenges in regards to the often inherent fragility of research 
prototypes, and the potential bias associated with the parts of the 
interaction that are broken or simply not there yet. Studying mass 
produced commercial artifacts not only helps in approaching the idea of 
realistic use, it also helps setting up parallel studies with more or less 
identical exemplars of the same artifact, using the methodological setup 
as the differentiating parameter. Finally, studying existing products on 
the mass market provides opportunities for identifying design challenges 
that may not arise from studies of research prototypes only. In this 
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chapter, I approach this matter by providing examples of studies I have 
made, relating them to other relevant work while explaining in what way 
they complement one another and how they fitted into my tinkering 
oriented research process. The meta-level work around contrasting in this 
chapter is in part an ongoing project that has been developed together 
with my colleagues Ylva Fernaeus and Sara Ljungblad.  
 

3.1 Reflection on Methods 
In general, setting up and conducting studies of user interactions is about 
collecting and analyzing data. The overall goal of conducting such 
studies before designing or prototyping is related to the concept of 
grounding in sociology, where existing practices, what people actually do 
and express, will form hypothesizes and theories from the ground up, 
emerging from the data [Glaser and Strauss 1967]. The core of this idea 
gives qualitative work a sense of scientific legitimacy that previously 
sometimes were considered as reserved for more quantitative approaches 
[Silverman 2000]. This becomes essential to this thesis in the sense that a 
qualitative approach can guide the crafting-oriented design process 
regarding research prototypes. By conducting studies with people and 
looking at interactions that are grounded in what people actually do, it is 
possible to acquire information that can guide the development and 
formation of physical artifacts, for instance: 
 

x General and particular accounts of practices and experiences 
x Experiential qualities – sensual, relational, emotional, social 
x Common and odd issues and pitfalls 
x Influence of context  

 
Such knowledge follows from looking at examples from the HCI field, 
literature and not the least hands on practice. Looking back a decade, 
several researchers have suggested that an important part in the 
interaction with technology is the felt and lived experience e.g. 
[McCarthy and Wright 2004]. At the same time more recent research has 
emphasized the inherent difficulty of making such accounts. Grounded in 
the unfolding practice by using technological artifacts McCarthy & 
Wright do suggest a pragmatist approach to the problem. This approach is 
summarized in four experiential threads that intend to articulate an 
experience and its involved qualities. At this point it is worth to point out 
that the concept of the everyday is used to characterize a preferred 
context, but that the accompanying example cases from around 2004 are 
built around work situations and the desktop computer. Today the 
concept of the everyday has a rather different meaning that incorporates 
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for instance our mobile life, where the line between work and leisure 
generally has become blurred.  
 

3.1.1 Transfer Scenarios 
One method that has inspired this work is Transfer Scenarios, which 
highlights a connection between making studies on more marginal 
existing interactions beforehand and then start a design process, rather 
than   using   user   studies   to   study   and   evaluate   one’s   own   designs.   The 
method of Transfer Scenarios was conceptualized by my colleagues Sara 
Ljungblad and Lars Erik Holmquist in an effort to ground technological 
explorations in existing but marginalized practices [Ljungblad and 
Holmquist 2007]. In this thesis I have practiced this method in 
conjunction with the GlowBots project described in Paper I, but it also 
made me reflect on the grounding of user-centred studies as a way of 
informing the tinkering process by looking at existing practices and 
products. Although I was not involved in the formal development of 
Transfer Scenarios, I did participate in part through study analysis 
sessions and subsequent implementation efforts and from a close distance 
watched it coming together (see Chapter 3). Transfer Scenarios outlines a 
structured approach that begins with identifying target qualities within an 
existing observed community of practice and moves towards 
implementations of prototypes by making detailed descriptions of use 
through scenarios and personas grounded in those qualities [Ljungblad 
and Holmquist 2007]. A related approach is called associative design, 
which starts with ethnographic studies of one particular practice and then 
tries to see what technologies and common attributes that may be 
applicable to another completely different domain of practice 
[Esbjörnsson et al. 2004].  
 
One of the first activities to get started with transfer scenarios was to map 
out values and qualities that were considered important. Such target 
qualities could for instance be e.g. agency, autonomy, emergence, etc. 
The next step, and in many ways the most difficult one, was to identify 
and find an existing “marginal practice” where these values exist and in 
some sense even are articulated. The two cases our lab used to exemplify 
such communities were lomographers and  people  having  “non-standard”  
pets such as snakes, spiders, etc.  
 
Once the existing marginal practice was identified we began planning the 
qualitative study. In our projects we used semi-structured interviews, 
either single interviewees or group-sessions as a basis for collecting data. 
One benefit of doing these more in depth interviews was that the 
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questions discussed may be directed towards getting empirical data about 
respondents’   experiences,   and   in   particular   experiences   entangled   with  
the sought values.     
 
In our case we used a commonly known approach of structuring data by 
means of Affinity Diagrams. Such diagrams are topological emerging 
“islands” that are formed by clustering streams of data, in this case 
excerpts or sentences of text that have been cut out from the transcribed 
interviews. The result of this process was clusters of excerpts that 
illustrated the contrasting values. The next step was to turn each cluster 
into  a  persona  and  more  detailed  scenario  by  using  “glue”  data  that  tie  the  
excerpts together. The result was scenarios that blended fiction and 
reality using familiar terms to express something unfamiliar.  
 
Through a final step the actual transfer was done by replacing certain 
words, like in our case   “Pet”   with   “Agent”. This action effectively 
injected the desired design domain into the scenarios. The result helped in 
shaping governing scenarios that can guide the design and development 
of new artifacts through tinkering-oriented activities. More details on 
such activities are presented in the next chapter, which in part focuses on 
one of my own tinkering sessions that started precisely when these 
scenarios had been created (Chapter 4).  
 

3.2 Studies of Existing Human Robot Interaction 
In this section I will outline three studies on Pleo – a robotic toy product. 
The first study is detailed in Paper II while the other two complementary 
studies on Pleo have been published as [Fernaeus et al. 2010] and 
[Jacobsson and Nylander 2012]. To exemplify how we have tried to get a 
realistic understanding of how people actually interact with a robotic 
artifact we started out by looking at how people told stories about their 
experience through online media such as blogs. The second study was a 
longitudinal study conducted in order to find out if and how more long-
term interactions would form and how issues would manifest themselves 
in this longer perspective (between 3 to 6 months). The final study was 
based on an approach where the general idea is to look at short term, but 
more continuous interaction (over a few days). By looking at these three 
approaches we will end this chapter with a meta-level analysis of these 
studies and what it means to conduct user studies of existing products in 
the context of this thesis.  
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3.2.1 Narratives within an Online Blogging Community 
The first study that I will discuss here (Paper II in this thesis) was based 
on user-generated blog posts available on the online blogging community 
at www.pleoworld.com, during spring 2008. This study was inspired by 
the recent practices within the HCI community of using cultural 
commentaries [Gaver 2007] and blogs written by enthusiasts [Nardi et al. 
2004] as methods for getting insightful and articulated reflections 
regarding a specific form of technology. These practices are related to the 
research method of virtual ethnography [Hine 2000], where social 
practices within online communities are studied by analysing their 
published material, discussions and comments. The main methodological 
arguments for conducting these types of studies is that they make use of 
active and unbiased reflections of real users, avoiding many of the 
problems associated with e.g. interviews. Our motivations for this 
approach was that it specifically acknowledges virtual ethnography as a 
way to reflect upon users, practices and deployed designs while at the 
same time regarding information technology as a communication medium 
in its own right. Additionally we used the data and analysis as a source of 
inspiration for our more conceptual design work. 
 
The study was carried out on the blog corpus of all the Pleo owners that 
had registered with the US site and on forum posts as well as videos that 
were directly linked from within the blogs. At the time of the study the 
product had not yet been introduced outside the US, thus other 
communities had yet to take off. With that said and because of the cross-
linking we also ended up including a handful of early adopters from the 
UK and Canada. The data was collected during April 2008 when Pleo 
had been on the market since mid-December 2007. At this point there 
were  approximately  20  000  Pleo’s  out  on  the  market and we used all 520 
blogs available at the time. 
 
All data was collected and handled manually, names were anonymized 
(when necessary), printed out and structured based on richness and 
topical similarities. A majority of the blogs contained only one or two 
posts, which were categorized as greeting and welcoming messages. In 
our analysis of the remaining corpus we picked up on four descriptive 
themes that would span over the different experiential stages that the 
relationship transcends: arrival and appropriation, when technology 
breaks down, Pleo as a resource for social engagement and playing with 
Pleo.  

 
The kind of data that this study captured showed a surprisingly large 
variation in interaction, situations and use contexts. We also received 
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materials in a variety of media forms, including not only text but also 
video and pictures. However, our main data in this study took the form of 
snippets of text published on the blogs. Examples of settings accounted 
for included descriptions of how Pleo was being used as an ice-breaker at 
a hotel reception desk, as a toy played with by children, or step-by-step 
instructions for how to  perform  advanced  DIY  “surgery” on the device: 
 
 “Yesterday  Pleo  had  a  broken  neck.  I  contacted  customer support, and 
they told me that I could send him back, and get  a  new  one.  But,  I  didn’t  
like the idea of exchanging something I have gotten so attached too. So 
my mom made a small cut in the top of his neck. This had voided the 
warranty. She found out that the problem was the cable that lifted his 
head etc, had broken. Surprisingly she fixed this. She put the cable under 
a screw. We weren't sure this would work, but it did! Now Pleo is able to 
lift his head up and down, and do everything he was able to do before! 
The only problem is he has a small cut on the top of his neck. But I'm 
okay with this, because its not really a big deal. It can be fixed, I just 
don’t  know  what  to  fix  it  with! We  love  Pleo,  and  this  doesn’t  bother  us.  
We're just glad to  have  our  little  guy  working  again!” [Blogger X] 
 
This excerpt shows just how curious, adventurous and experimental 
people can be, even with this rather complex product and by voiding the 
warranty. As another selected representative, the following example 
illustrates what kind of format most users in this community used in their 
descriptions of interacting with pleo: 

 
“Today  my   friend and I were in the car playing with Pleo. But He was 
soooo tired. He sat down and started cooing. Then Pleo got scared and 
started  crying  because  of  the  movement  of  the  car.” [Blogger Y] 
 
In this example the user presents a narrative where they have chosen to 
share their report of a specific situation stating that Pleo was tired and 
disliked the experience of being in a car. Additionally we get a hint of a 
technical design gimmick through a behavioural observation stating that 
Pleo reacts quite vocally when being shaken.  
 
In this early stage of Pleo as a commercial product, a significant amount 
of the blogging practice appeared to bring up issues related to the product 
and to negotiate policies with the community. For instance, a few users 
reflected on the wear and tear of the rubber skin. In one case it was 
suggested that such markings only add to its personality similar to an old 
worn teddy bear while others discussed preventive solutions using e.g. 
baby-powder to cover up the problem. One blog even expressed 
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existential concerns about returning their broken Pleo since they felt 
insecure about whether they would get their Pleo back or a replacement.  
 
In a final representative example, and one that inspired the upcoming 
design exploration most, users express their use of various types of 
accessories: 
 
“Today   I’m   beading   a   crystal   necklace   for   Pleo,   and   adding   a   fossil  
charm!  His   crocheted   wardrobe  will   consist   of   a   ‘floppy   hat’,   walking  
boots, cape and of course, sunglasses, for our walks and sidewalk surf 
days!  He  will  be  styling!” [Blogger Z] 

 
This study was important to us because it provides an unedited view of 
what people think, say, and how they reflect on their device. Unedited in 
this respect, mean that it is without the intervention of researchers, and 
that all words, terms and viewpoints are the participants’ own from the 
perspective of consumers of a product – also including all the narratives 
about its marketing material, instructions for use, and their personal 
social motivations and contexts of use. 
 
However, as a result of this study we observed how people both staged 
situations and played along with them according to a product narrative 
that allowed people to handle aspects of the interaction that broke down. 
Similar to what is commonly noted in game studies, this could be read as 
accounts of performed belief, rather than reports on what the devices are 
actually   doing   “for   real”. This distinction is important since the 
information that people reveal on blogs have the characteristics of small 
subjective stories that are crafted to be shared and reacted upon. 
Furthermore, a potential bias of the medium of blog posts would account 
for the extent to which we observed personalization and accessorizing of 
their robotic toys, potentially as a way to design pictures that looked 
interesting for others in the community (Figure 8). This is worth stressing 
since we did not notice such practices to any extent near this in the other 
studies that we conducted. This study played an important role in the 
shaping the concept of ActDresses, presented in Paper IV and V and also 
detailed in the next chapter as an example related to tinkering.  

 
Figure 8: Pictures from blogs showing different types of clothes and 

accessories put on Pleo and pictured in blog posts. 
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3.2.2 Families Adopting a Toy Robot 
In our second study, we placed a Pleo robot in the homes of different 
families for several months, and thereafter interviewed them regarding 
their practices and reflections on their experiences. The motivation for 
this study setup was to explore how Pleo was used and played with 
casually, as well as how it became adopted in families in their homes 
over a prolonged period of time, ranging from 2 to 10 months. This study 
is presented in more detail in [Fernaeus et al. 2010].  
 
The study started out with a recruitment process by putting post-cards in 
different places, e.g. the reception desk at our research institute and at a 
culture centre in the city in order to get in contact with interested 
families. Six families were then selected based on their interest, number 
of children and their ages, pets and reasonable travel distance from our 
research centre. Together with a Pleo robot (fully charged but wrapped in 
its original box), each family was equipped with a video camera and a 
web-based self-reporting tool to share personal accounts with us. They 
were invited to film anything of interest to them, and in particular play 
sessions with Pleo. The families were told not to open the boxes until the 
researchers had left, and thereafter they would be allowed to interact with 
Pleo as they pleased. 
 
Each family was interviewed at least once and most of them twice about 
their time with Pleo in their homes (Figure 9). In one case we asked the 
parents to interview their own children as a supplement, as we found it 
problematic to interview such young children. The semi-structured 
interviews were video recorded and lasted between 20-45 minutes. The 
first set of interviews occurred after the families have had Pleo for two-
three months, and the second time after roughly six months. Since the 
families participated for different lengths of time, we had to be flexible 
about when to interview them the second time. This also had to do with 
fitting home interviews into busy family lives. 
 
A main finding from this study again concerned a tension between 
approaching the robot as a toy while also expecting it to act more like a 
real pet animal. This affected how participants played with the robot; how 
they reflected on its use over a prolonged period of time; and the 
sometimes surprisingly hard work of maintaining the robot. For example, 
when the interviewer asks a boy in one of the families to try to elaborate 
a little more on how he had played with Pleo, he answers: 

 
“I   have   mostly   petted   it…   I   really   don’t   know   how   to   play   with   it.  
[giggles]   It   really   doesn’t   work   to   throw   a   ball.   That doesn’t   work…  



 
 

47 

[…]I   usually   take   it   slow   because   it   doesn’t   do   much,   maybe   if I put 
something  in  its  mouth…” 
 
The  boy’s   comment   captures  how  most of our participants spoke about 
interacting with Pleo after the first excitement had worn off. They 
generally described it as too limited for what they had expected or wished 
to do, which seemed to be for more physical, active and varied play. The 
interviews further raised a number of issues regarding how Pleo might fit 
in  children’s  play  patterns.  As  the  parents  in  Family  1,  3  and  4  suggested,  
there is a life cycle of toys, which is likely to apply to Pleo as well. This 
not only means that children change interests as they grow older, but also 
that they frequently attend to different toys or themes of toys, and that 
they shift between which ones are their favourite toys. We saw this as a 
highly relevant observation from the perspective of designing advanced, 
and expensive, toys. The   parents’   role   in   this   setting   could   be   looked  
upon as “backstage technicians” for their  children’s  play.  When  reflecting 
further upon this, one parent commented:  
 
“you  want some value for your money, right, otherwise it just sits there 
and  collects  dust”.  
 
From these and similar statements from other parents, it seemed that the 
parents felt a responsibility to engage in the maintenance of Pleo, perhaps 
because they knew it was a relatively expensive product (even though 
they did not have to pay for it in this case).  

 
Figure 9: Picture taken at one of the interview sessions with one of the 

families keeping Pleo in their home. 
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The fact that Pleo allowed only one hour of play but required four hours 
to recharge frustrated adults and children alike, making recharging of 
batteries a time consuming activity. Compared to e.g. Paro where the 
charging of batteries is a carefully designed part  of  playing,  by  ‘feeding’  
the toy through a cabled pacifier inserted in its mouth, this robot had a 
removable battery that had to be recharged at a separate station. It was 
also a nuisance that there was no way of telling when the robot was going 
to run out of battery. When reflecting upon this, several parents compared 
Pleo with regular home appliances and how even a simple electronic 
toothbrush can recharge itself without the need of removing the battery. 
During interviews we got many suggestions about how this aspect could 
be improved and more carefully integrated into playing with Pleo. For 
instance, recharging could be done simply by putting it in a special bed, 
similarly to how Roomba has a docking station for recharging. We found 
that while the Pleo initially was found to be very attractive, it did not 
manage to keep this attraction over a longer period, and failed to meet the 
expectations of the participants. We concluded this study by proposing 
challenges for designers of similar kinds of artifacts in order to maintain 
interest and engagement over time. 
 
A related topic was that users, mainly from one of the families, reported 
that inserting new behaviors through using the SD-card became central in 
their interaction. In a way this relates to the central role of tinkering from 
the end user perspective that other robotic toys and play kits such as the  
LEGO Mindstorms, Topobo [Raffle et al. 2004], and the Sony AIBO 
have. For instance, the AIBO was developed as a very high-end toy 
targeting children, but its main actual uses was for engineering students 
as a standard platform for the annual RoboCup championships 
(http://www.robocup.org/). In this project we found that there might be 
some inherent expectations on robotic toys regarding tinkering, i.e. that 
one should be able not only to play with them as they are, but also to 
access and modify their behaviors on many different levels. This is an 
aspect of robotic toys that has not been sufficiently highlighted in 
previous user studies of electronic toy animals and so called 
“companionship  technology”, and that could have implications for other 
technologies as well. 
 
This study was valuable to us because it showed how interaction unfolds 
during an extended period of time, and gave a complementary picture of 
real obstacles in comparison to the previous study on blog posts. 
Although this may imply that parts of what could be learned from the 
previous study were visible here as well, it also showed how the 
relationship and interaction with the device changed over time, and 
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interestingly in this case towards a less intense one. Since the study was 
performed in homes with more than one person, it also captured aspects 
of the social interaction around the device, such as development of 
different roles for playing and maintenance. Perhaps most importantly, 
this study highlights in parts a need expressed from end users to be able 
to get more profoundly involved with the robotic artifact on many 
different levels. This observation strengthened my hunch that concepts 
such as accessorizing interactive artifacts may play an important role in 
shaping tomorrows technology if and only if they at the same time 
elevate these types of involvement.  
 

3.2.3 Persistent Interaction 
In our third and final study of interactions with Pleo, participants were 
given the challenging and somewhat artificial task of bringing the robot 
with them at all times and continuously switched on during a few days. 
This aimed to furthering our understandings of social negotiations that 
would occur when a “live”  robotic toy artifact would be deployed in in-
between contextual situations. This study has been discussed in 
[Jacobsson and Nylander 2012]. 

 
Our general motivation for this study was to trigger situations that did not 
seem to normally occur when keeping the robot at home and playing with 
it now and then, or casually blogging about it. By triggering such 
situations, we hoped that participants would reflect on the robotic artifact 
in regards to a more varied set of everyday situations. Since we 
previously had looked at long-term casual interaction, we were in this 
case interested in how interaction would play out in a multitude of real 
situations, including what we denote as in-between-contexts and contexts 
that might be inaccessible to an external observer. In this case we created 
a setup where participants were given two basic rules to follow regarding 
the robotic artifact:  
 

1. Keep it with you at all time, no less than three feet away. 
2. Whenever people are around, make sure to keep it switched on as 

much as possible. 
  
We anticipated that this setup would require much work from the persons 
participating in this study, and we therefore actively searched for 
participants who would accept to take part in this, being outgoing, social 
and willing to engage in the study with full commitment. We ended up 
recruiting five participants, three females, one in her early thirties (F1), 
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one in her early twenties (F2), one in her late twenties (F3), one ten year 
old boy (M1) and a male in his forties (M2).  
 
The participants were briefed beforehand about the study, then instructed 
and equipped with a Pleo. Together we discussed and agreed on an initial 
period of three days for the study. After that we were going to have a 
quick debriefing and decide whether to end or continue the study. F1 
proceeded with the study for three days while F2 continued for a total of 
ten days. F3 spent three days, M1 spent four days and M2 spent a bit over 
two days. The participants were handed two batteries in total rather than 
the factory default of one, this to allow keeping Pleo switched on for 
longer periods. The interviews with F1, F3 and M2 took place at an office 
and the ones with F2 and M1 at cafés. Each interview was audio-recorded 
and later also transcribed.  
 
As a result of the study setup, all participants told similar stories about 
bringing along Pleo on commuter trains, busses or on the subway. Most 
were also concerned with the practical issues involved in carrying the 
robot around (see Figure 10), and finding ways of charging the battery 
during the day. Another repeated observation was the knowledge about 
the functioning of Pleo that the participants developed during the short 
time of this trial. The setup seemed to help participants in quickly 
developing a deeper proficiency of using the device than by only bringing 
it to their homes and then using it on rare occasions, as seemed to be the 
standard case in the other two study setups. Also, without explicitly 
addressing it, several issues brought up in the previous studies also came 
up as discussion points in this study, like for example issues around 
battery use. Moreover, the participants were able to speak of interesting 
but unusual use scenarios, and functionality of the device that were not 
observed in any of the other studies, but that still could be considered 
relevant for realistic use situations. None of the other participants for 
instance reached the point of experiencing what happened if the device 
was left untouched for a longer period of time, which was here observed 
to trigger a certain set of behaviours in the robot. Thus, it seems that the 
always-on setup worked as a lightweight approach for gaining more 
explicit experiential accounts of a technology together with otherwise 
very open-ended instructions for use. 
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Most reflections were concerned with how the robot affected interaction 
with other people in the public space. People around did generally seem 
interested in what was going on, but would usually appear to just observe 
from a distance. On the other hand being in the immediate context like 
sitting next to or in front of strangers in the public, there were two 
reported stances that would occur – either the person engaged, asking 
polite questions or interacted briefly with our participants, or they tried to 
ignore the situation. In the following comment F2 reports on one such 
episode: 
 
"She [An old Lady on the subway] looked at me - sort of with an evil 
outlook... As with a "Shut that thing [The Pleo] off!" And I - Ok, Ok, Ok... 
I'm not particularly - like I'm not easily embarrassed or usually care 
much, but OK, shit then, I will turn it off then so she [The old Lady] 
doesn't turn crazy or something..." 
 
In particular our participants reported that Pleo became an object for 
display and also the centre of attention in most reported situations. Far 
from all situations were considered negative (situations that required this 
social re-negotiation of policies), and in other similar situations Pleo 
would   in   fact   become   an   “ice-breaker”   for   starting   more   casual  
conversations with strangers. In most situations a stranger would out of 
curiosity pop the question of “what   is   that?” or just comment “How  
cute!”. In a particular situation reported by M2 the context is a cinema 
where people are hanging around waiting just before entering the salon. 
A stranger carefully observes for several minutes how M2 handles the 

 
Figure 10: Participant F1 showed how she had prepared a special bag for 

carrying around her Pleo. 
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robotic dinosaur, and then suddenly approaches and very kindly asks 
“What   IS   this   thing??”. On a related theme F3 reported that when she 
met up with her friends at an airport they showed signs of being in a bit 
of an awkward situation where they at first did not dare to ask about it. 
On the other hand F3 commented that she got much more reactions from 
people than she had first anticipated. While F1 and F3 were more casual 
in their interaction, F2 took the opportunity to be more explorative in her 
approach. For instance, while F1 would take it with her to go out for 
coffee or eat with friends, F2 would pretend (or actually try) to feed it 
with real food; or style it by putting make-up or baby-clothes on: 
 
"I tried to put make-up on it once, but it did not stick so well..." 
 
Participant F2 furthermore reported that she had purposely avoided some 
ordinary situations like the school class and pursued other for her more 
adventurous activities like visiting a church. Thus, the rules in ‘always 
on’ encouraged the participants to explore situations out of curiosity as 
well as to reflect on everyday contexts. 
 
The younger subject M1, basically reported on similar experiences to the 
others, but with another set of contexts such as football-games, play 
sessions with friends, his little brother and grandparents. What we did not 
anticipate in this case was the effective social barrier that the family 
around a 10-year old offers. Even if the settings are similar, they are 
obviously experienced very differently through the eyes of a very young 
person, for whom bringing a toy with them is not anything unexpected. In 
general, there were very few problematic issues occurring (except battery 
related ones) when doing this type of study with M1. In this case the 
robotic dinosaur worked excellently as a toy prop and while generating 
interest, the only types of reported cases of social awkwardness would be 
similar to when someone is a bit too attached to a toy in general and 
simply cannot let go of it (which actually was one of the imposed rules). 
In terms of companionship technology this type of behaviour is on the 
other hand quite common, in particular when we look at how mobile 
phones are used today. 
 
Thus, the study quickly confirmed that the robotic dinosaur would alter 
the personal space by becoming an object for display that attracts 
attention. F1, F3 and M2 expressed it as being awkward in certain social 
situations, but not necessarily a bad experience. This is related to Steve 
Benford’s work on uncomfortable interactions, where something may be 
awkward in the very moment but after some time transforms into the 
better narrative [Benford et al. 2012]. On the other hand all participants 
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expressed their interactions in a way that would appear be closer to 
having a real pet compared to the participants in the second study. For 
instance they talked about their experience in terms describing how they 
experienced things together rather than talking about it as an external 
object in their environment. 
 
Although being a study with only five participants, with the shortest 
study period and with the most artificial setup, we were surprised to see 
that this study gave us rich and interesting insights into aspects of what 
could become relevant use qualities of interaction with robotic 
companions in the wild. In particular the use of explicit rules for 
participation and interaction generated a social narrative – similar to the 
cultural narrative in the first study. Furthermore the participants appeared 
to  get   a   realistic   apprehension  of  Pleo’s  capabilities,  both   technical  and  
social. 
 

3.3 Contrasting Methods 
Here I will present a meta-level reflection of the three presented studies 
about interaction with Pleo, each performed in settings that in different 
ways could be considered “in the wild”. The three studies were all 
performed on the same commercial product, and thereby outside the 
design process of that particular product. Instead the studies were 
intended as formative to new designs of next generations of this type of 
artifact, and more broadly also contributing to the design and setup of 
studies.  

 
The three studies were based on content analysis of user-generated blog 
posts (Study 1), interviews about long-term domestic use (Study 2) and 
the method that we here refer to as always on (Study 3). As illustrated in 
Table 1, the presented methods each resulted in different and 
complementing insights of what it means to look after and play with a 
robotic toy such as Pleo. This allowed us to see which findings that were 
overlapping in all three studies, and which that only occur in one of them, 
and especially the potential aspects of bias and authentic use derived 
from the three setups respectively. Thus, our ambition was not primarily 
to confirm specific findings about Pleo, but also to learn how different 
methods work towards understanding interaction with new kinds of 
devices. There are of course many other methods that also attempt to 
capture interactions in the wild, e.g. cultural probes, controlled studies in 
more formal settings (e.g. educational), and auto-ethnographic methods, 
which would each also bring their own picture of what the natural use 
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 Study 1 Study 2 Study 3 

Method Content analysis 
of user-generated 
blog posts 

Interviews of families 
having the device in 
their homes 

Interviews with 
participants 
volunteering to have 
the device on and 
active during several 
days 

Participants 520 anonymous 
bloggers 

6 families (29 
people) 

4 volunteering adults 
and one 10 year old 
child 

Study period Blog corpus 
generated during a 
4 months period 

3-9 months Between 2 and 10 
days 

Strength
  

Unedited and 
without researcher 
intervention 
Unscripted use 
 

Access to realistic 
play settings from a 
longitudinal 
perspective  

Produces data in short 
time 
Triggers interactions in 
public 
Quickly developing 
competence of using 
Pleo 

Potential 
bias 

Blogging as 
performed belief 
Practice shaped 
by what fits 
blogging format 
Blogging not 
typical for Pleo 
owners 

Not real owners 
Performing to 
researchers 
“By  invitation  
situation” 

Enforced, conditioned 
interaction 
Performance of being 
in  a  “research  study” 

Main 
takeaways 

Dressing, naming 
and storytelling 
Real questions of 
buying, owning, 
repairing, 
adoration, 
common practices, 
etc. 

Fit in ecosystem of 
toys 
Maintenance 
Tinkering 
Comparison Pet vs. 
Toy 
Real play 
challenges, battery 
life etc. 

Technology as identity 
marker 
Realistic real world 
contexts, persistent 
use  
Broader functionality 
was explored 

Table 1. Overview of the three studies. 

 
 
 

setting would imply, what interactions it would involve, and how the 
technology is appreciated and understood.  
 
Here I will reason about what these studies provide in terms of what 
design input they generated, what is meant by realistic interactions with 
novel robotic artifacts, and finally how the three methods worked to 
investigate aspects that are central to the concept of interactive 
companions. On a methodological meta-level, I regard properties  of  “the  
wild” as framed within each of the different study setups, and argue that 
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these are versatile tools for acquiring data that can steer us towards more 
firmly grounded design and tinkering processes. As has been discussed 
also elsewhere (e.g. [Rogers 2012]) the concept of  “the  wild”  suggests  a 
nearly ideal use setting, one that is untouched and inherently natural. 
However studying the wild with a technology that is new and potentially 
strange can never be a study of people in their everyday context without 
requiring them to perform, or have a conditioned relationship with the 
study setup as such.  
 
Similar to a lab study; attempting to eliminate bias completely, inevitably 
leads to new biases when studying new interactive technology. The three 
studies presented here might even come across interactions that are 
biased as a result of   “being   in   the   wild”. Still, the findings will be 
fundamentally different from those found in a lab environment, and this 
is exactly the reason to start the messy work of approaching the wild in 
the first place. For instance, in the second and third studies the 
participants knew that Pleo was not designed by us, thereby the risk of 
participants being overly positive to the design was reduced and they 
came to openly discuss qualities and suggestions for improvements, as 
well as sometimes giving quite negative comments on aspects of the 
design that did not work well for them. Had we done the same study on a 
product of our own design, we might have received less elaborate 
suggestions on these matters.  
 
For us as researchers in this field, “the  wild” usually implies an idea that 
real usage and experience are reserved for those environments where the 
narrative suggested by a certain design unfolds spontaneously. But what 
is real could also be understood as a multitude of environments and 
settings together with particular aspects that we are interested in from a 
research standpoint. The question we needed to ask ourselves was if we 
really believe that a single shot approach – one study or rather one 
methodology could be enough.  
 
Several authors [Brown et al. 2011; Hornecker 2012] have recently 
discussed the challenges of demand characteristics in user study setups, 
i.e. the implicit roles of participants as active performers towards the 
research team, to which they have been invited, and thereby sense a 
pressure to generate useful and interesting data. The nature of my first 
study naturally excluded this issue, while it was impossible to neglect that 
in the second study the participating families took it as their job to orient 
their practice towards helping us in evaluating potential qualities and 
shortcomings of Pleo, sensing a responsibility for making sure their 
children would play with it while also taking care of this expensive 
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device so that it would not break etc. Some of the parents in our second 
study  clearly  showed  some  characteristics  of  “lead  participants”  [Brown  
et.al 2011], helping their children re-charge the device and in other ways 
making sure the robot was played with enough to satisfy our research 
investigation with “good data”. Although, we do not know any details of 
how the exact social situations took form in the actual play settings, some 
of the interviews made it clear that the parents sometimes were heavily 
engaged in helping their children, and that this required efforts beyond 
what they would otherwise invest   in   their   children’s   playing  with   toys. 
The third study was in this sense perhaps more  honest  in  that  “unscripted  
and spontaneously unfolding use” was never even implicitly called for, 
making the participants active engagement as co-investigators an issue 
that they openly reflected about in the interviews.  
 
Furthermore by viewing the studies from a performance perspective, real 
usage is rather what a variety of contexts pulls out in terms of interaction. 
By presenting three studies using different methods, we thus illustrate 
how the design space of study setups is fundamentally intertwined with 
what would be defined as realistic use. Ultimately what is at stake here is 
how our research field frames and relates to terms such as long-term, 
open-ended, realistic and useful in terms of generating knowledge about 
interaction in socially expanded use settings.  
 
Through this procedure of contrasting methods we were able to assess 
and validate what parts of each study that could be regarded as strong, 
potentially biased and articulated as natural interactions that we could 
take inspiration from when developing new design concepts. In the end, 
what we strive for in interaction design research are ways of making our 
concepts more firmly grounded, where one part is having informed 
tinkering activities in the design processes.     
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4 
Tinkering in Interaction Design 

 
In this chapter I will outline what tinkering means generally as well as in 
the more specific context of interaction design practice and how it relates 
to other concepts and activities within the design oriented HCI discipline 
through a survey of concepts such as prototyping, crafting, MAKE/DIY, 
bricolage, and hacking. This is to position tinkering as a more distinctive 
term that captures what I see as the essential attitude and practice of these 
concepts and at the other end lets us grasp how it may fit within the 
interaction design research paradigm. The distinction between attitude 
and activity is deliberate, and aims to put emphasis on intent rather than 
on ontological framing.  
 
From the perspective of this thesis, tinkering is regarded as an attitude 
and not a very detailed process as that would go against both its 
vernacular use and its main objective of being open and inclusive. 
Everyone may engage in tinkering, not only some particular group of 
trained professionals e.g. educated engineers or designers. It would in 
some sense be similar to having a design-oriented attitude [Fällman 
2003], but arguably easier in the sense that interdisciplinary people would 
feel more comfortable using this term as opposed to conforming to more 
specific roles e.g. designers, engineers or humanists. With that said, it is 
however relatively easy to find “grand masters of tinkering”. My personal 
experience is that we all are likely to have a sense of the persons who 
enjoy tinkering in our social networks and what they can offer. 
Furthermore, since they are practitioners in environments filled with 
tools, gadgets and materials they are easy to spot, sometimes towards the 
extreme end leaning towards hoarding. Such an environment is 
orchestrated in that tools and materials are set up to be ready to engage 
with [Schön 1984; Crawford 2011].  
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Why then can tinkering be regarded as an attitude? When someone says 
“I will tinker with this for a while …” it implies an explorative endeavor 
about to happen rather than labeling a process of something that has 
already been made. It puts an emphasis on having tools available as part 
of the environment where the tinkering is taking place. Just as any car or 
motorcycle workshop is set up to handle just about any type of repair, fix 
or adjustment – the modern interaction design research lab needs to be set 
up in such a way that the researcher can craft research prototypes. 
Although tools and setting are not enough; training, practice, and even 
more practice are indeed required to become proficient [Crawford 2011]. 
This embodied knowledge cannot be acquired through merely reading 
text, although it is often a complement or scaffolding for the training 
activity. Just as learning clinical surgery requires years of careful 
watching and practice, and learning what a car is by tearing apart, 
replacing and putting it together again, interaction designers similarly 
explore their materials as part of their practice. Framed in this way - 
tinkering is thinking by doing. 
 

4.1 Examples of Tinkering 
I will now present three accounts in terms of my personal involvement 
through hands on experience of tinkering in interaction design research. 
To me this is where the presence of a tinkering attitude is the strongest, in 
the actual situation of crafting and having a dialogue with the materials. 
As it is my own reflections about my own work – in a sense 
autobiographical – I will expose my inner voice and dialogue in an 
attempt to reflect the certain  ‘crudeness’  of  the  tinkering  attitude.   
 

4.1.1 Interactive Communication 
The Glowbots project (Paper I) came about as a natural continuation of 
actually implementing one of the systems that had come out from the 
transfer scenarios approach. The scenario on which this project is based is 
grounded in a persona named ‘Nadim’ who would engage with robotic 
artifacts   to   ‘breed’   patterns. We found a suitable candidate platform to 
support this scenario through one of our partners in the European Project, 
the EPFL-group in Lausanne. They had just released a robotic platform 
called the e-Puck, a round coffee cup sized robot specifically developed 
for doing swarm robotics and communication experiments. As implied by 
our role in this European project it was very much expected of our group 
(through tasks set up in so called deliverables) to build demonstrators that 
showed emergent behaviour through communication. Additionally, in 
these integrated European projects it is very important to find common 
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points to collaborate around, and the e-Puck thus naturally became one of 
these. Here I will focus on a couple of my own explorations that revolve 
around communication, visibility and user-interaction. 
 
When the e-Pucks a couple of months later finally arrived, we were good 
to go. At the time being a truly remarkable piece of technology – I started 
with getting acquainted with the platform, what hardware it had and how 
to use the software API to program it. Within the EC-Agents project we 
often discussed both theoretical and practical foundations for 
communication, e.g. the language game [Steels 1999], insects trails of 
pheromones [Floreano et al. 2007], brain-like models capable of learning 
language [Szathmáry et al. 2007], communication in social networks 
[Baronchelli et al. 2005], etc. Many of the discussions were at a fairly 
abstract level and often the major outcomes were to be models – 
mathematical descriptions about communication rather than specific 
technical challenges. Being in this group of researchers, we started out 
with considering ways for implementing some sort of very simple 
language game. In short the language game should be about connecting 
utterances (initially usually random) to things within their shared context 
by means of looking and pointing. It is simple in theory and easy to 
model, but hard to implement in real robotic setings using speakers, 
microphones and cameras, given our noisy world. In many of the 
experiments that were set up by the other groups, either quite 
sophisticated robots or workarounds were used to demonstrate the 
feasibility of these models. All experiments were carried out in laboratory 
settings. 
 
I started to reflect on what it meant for an interactive artifact to be truly 
embodied. Watching presentations of these experiments, it became 
obvious they were all highly specific and not at all that general and 
adaptive. Furthermore, the way that the e-Puck was set up it was 
suggested that communication between them should happen through their 
Bluetooth interface. Anyone that has ever dealt with Bluetooth probably 
knows about the issues around pairing multiple devices to another. Then 
imagine having two options – either pairing each and every one of the 
twenty devices individually to each other or re-routing through a 
dedicated server computer on the side. Such a dedicated server would 
remove a vital part of what it means to be self-contained since parts of the 
functionality would be off-loaded to a second entity. Furthermore, we 
discovered a limiting maximum of eight connections per robot, meaning 
we had no other option than having to do some kind of routing in order to 
facilitate communication between all twenty devices. Plus, Bluetooth was 
at this point not that energy efficient, at least not this version of it (v2.0). 
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This is a very frustrating position to be in where technology appears to 
match rather poorly with fundamental concepts in the design brief and at 
the same time appear to be the imperative.  
 
At this point I had come to read two heavily influential books related to 
complex systems research, one about emergence by Steven Johnson 
[Johnson 2001] and one called SYNC by Steven Strogatz [Strogatz 
2003]. Emergence is an interesting concept that revolves around the idea 
of acquiring something that is bigger than the sum of its parts. And 
having communication emerging in a swarm of robots just through 
carefully setting up one single program seemed like a conceptual match. 
Strogatz gave many examples about observations in nature where 
oscillating entities through subtle influences becomes synchronized. For 
instance hand-clapping at an arena where the hand claps suddenly get 
into sync, forming a powerful chorus. Another example is how a specific 
group of cells work together in order to induce the electrical pulse that 
makes the heartbeat. In our case these two concepts combined – 
emergence and paired oscillations seemed like an interesting concept to 
explore further.  
 
Holding the e-Puck in ones hands and carefully exploring its capabilities 
revealed a few interesting things. It appeared possible to use the front-
facing camera together with LEDs to signal and interpret information sent 
visually. On the other hand that would require image recognition to be 
carried out in software, plus the communication would have to take place 
within the robot’s field of view. It also had speakers and three 
microphones, so in principle they could make and receive sounds. This 
together with signal processing in software would also be feasible, but 
apart from a large software effort also a quite noisy approach. Another 
solution I could see involved bootstrapping the infrared proximity sensors 
as communication interfaces.  Their   ‘normal’   operation  was to send out 
infrared light-flashes from an LED and if an object is nearby the flash 
would be reflected and sensed by an adjacent IR detector. The sensed 
light intensity is roughly inversely proportional to the distance. The 
detection range is around 10-15cm. For a coffee-cup sized robot that 
seems like a narrow enough distance for users to perceive that the 
communication is actually situated. Compare that to Bluetooth which 
implies that any single robot in the swarm could potentially talk to any 
other robot since distance would not be a factor in the interaction. 
 
In the first test run the robots had a fixed period of about two seconds 
where they would blink all LEDs including the infrared. Between the 
blinks they would sense with the IR-sensors. If something was sensed 
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then they would randomly adjust their period slightly. This small random 
‘kick’   is   the   trick   that   makes periodically oscillating things to get into 
sync. It is a bit surprising to watch blinking lights suddenly appearing in 
chorus like that. At this point we finally had a seed of something that 
could be regarded as situated yet emergent communication among a 
swarm of robots. 
 

4.1.2 Movement and Accessorizing 
Sometime before the ActDresses concept came into existence, we only 
had a vague and rough idea about what interaction concerning clothes, 
costumes and accessories would be like. The earliest formulation was that 
“the  robot  should  be  able   to   show  a  behaviour   that  depends  on  what   it  
wears”. We started out by fleshing out the concept of ActDresses through 
a series of scenarios and mock-ups. This is presented in Paper IV, and 
partly covered in Chapter 3, where the study of a Pleo Blogging 
community triggered me to explore this path. 
 
For our very first mock-up we used Pleo as a platform, and also tapping 
into the inspiration that we got from reading the blog posts. In particular 
we looked at scenarios like using a pyjama to enable sleep mode or a 
studded leather watchdog neck bracelet to enable its watch-dog mode 
(Figure 11). It was at this time possible to trigger behaviours by sending 
commands through its USB-port, and the hack consisted of having an 
RFID-reader close to its skin that could read off tags embedded in the 
clothes. The RFID-reader was connected to an adjacent laptop that 
translated the read tags into commands that were sent back to the Pleo 
robot. This showed that the principle worked, but it looked and felt rather 
bulky with lots wires and equipment strapped on the outside of the robot. 
Putting the robot under the knife did just not make sense since it was 
impossible to imagine how to properly hide the reader, a small computer 
and the cables under its rubber skin without significantly altering its 

 
Figure 11: First hack of Pleo never got under its skin. 
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Figure 12: Early sketching using a cake bundt cake pan and magnetic signs. 

 

 

appearance. So while succeeding with the conceptual principle, we failed 
in imagining how to make it truly self-contained and thus decided to try 
something different. 

We continued with other platforms and exploring other combinations of 
known and unknown materials that were readily available. In this early 
scenario we re-imagined a typical situation with a vacuum cleaner and 
how to augment the interaction using accessories such as labels inspired 
by comics for action and activity. As a representative shape of a robot 
vacuum cleaner we picked a bundt cake pan (Figure 12), and the signs 
were created out of stickers put on a magnetic rubber laminate.  
 
The resulting artifact allowed us to feel and reflect upon how cartoon-
inspired stickers could be used to put the robot in a certain behavioural 
state, visualize what state it is in, and finally show what state to expect. In 
the second hardware sketch we used the familiar e-Puck platform 
together with a ring of lower level instruction tokens put on the head of 
pins,  such  as  “move  forward”,  “rotate  left”,  “stop”,  “flash  lights”,  etc.   
 
In the third set of prototyping sessions we decided to continue with the 
previous mock-up using the familiar and readily available e-Puck 
platform (Figure 13). The general idea in this case is to have small round 
symbolic tokens that can be attached to the robot in order to program it 
on the fly.  
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Figure 13: Using the GlowBots prototype as a mock-up for the 
ActDresses concept. 

 

 

From the Glowbots project I had at this point acquired experience and 
platform specific practical know-how so crafting a rough and quick 
mock-up did not seem like it would be too challenging. Of course I got 
stuck almost immediately as I tried to figure out how to read out various 
types of accessories. I thought about using one-wire technology such as 
iButtons, and after two weeks of getting acquainted with technical 
specifications and elaborate circuitry interfacing the one wire bus with an 
RS232 serial, I had nowhere near reached a point where we could 
actually switch and plug in the button-like identity markers. At one point 
where I thought that it just ought to work, I managed to send a string of 
bytes to the e-Puck over the serial bus and received nonsense. If the 
nonsense would at least change as we switched identity markers it would 
still be ok, but what I then received in byte-stream did not correlate to 
any of my efforts. I had arrived at a dead end and had to start over. It is 
worth noting that the acquired hands-on knowledge with these iButtons 
would become relevant at a later point in a related exploration with the 
Roomba Create platform (Paper V), where it worked as expected. 
 
Meanwhile I started considering alternative and less sophisticated 
options. I knew that the proximity sensors positioned in a ring around the 
e-Puck could be used to detect nearby objects. It would thus be possible 
to obscure the sensors with a flexible paper, plastic or cardboard-“skirt”  
that through a certain pattern obscured sensors. A far less sophisticated 
solution would be to use the switch knob on the top of the e-Puck. It was 
already part of the standard software API, which meant that the 
programming part would be straight forward. After  all  I  wasn’t  reaching  
for a sophisticated technology demonstrator or near product design. I was 
aiming for a simple prototype that would demonstrate a novel user 
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interface using accessories. The problem was thus reduced to switching a 
knob, slightly off-centre located at the very top of the e-Puck. Cutting off 
a cylindrical slice from a plastic pen together with a piece of Lego 
transformed   the   knob   into   a   “handle” where accessories could be 
mounted on top using the Lego-mechanics as part of the interface. 
 
The challenge was to find a way of positioning each accessory in one 
distinct way. Although the knob has twelve distinct positions, four would 
be sufficient as a trade-off between precision and just enough for 
demonstration purposes. In practice that meant that I could define a 
‘direction’   as   composited by three adjacent knob positions. Thus I 
decided to have four different directions, a neutral one and the other three 
directions bridging between accessories and behaviours. This meant that 
a user would start from the neutral direction and then have the placed 
accessory to tell in which direction to put it. Since the knob was slightly 
off-centre I cut out round pieces of cardboard of the same diameter as the 
e-Puck to explore how a Lego piece could be mounted so as to tell the 
user how to turn it. As it turns out – if a Lego brick is positioned in a 
certain way on the round cardboard the user only has one option as to 
turn the whole piece so that the cardboard would be centred perfectly on 
top of the robot. Missing at this point were two things, some behaviour 
routines and what exactly the accessories would be. Being at the top 
rather than around the robot the first accessory that came to our minds 
was hats. The most important aspect for the software routines was that 
they too were to be distinct enough as to reflect a certain characteristic 
implied by the hat. Code-wise this corresponds to crafting three distinct 
enough patterns of motion. The people observing it would then be able to 
connect the performed behaviour to its costume. 
 
Through small scale demonstrations at open-houses and internal events, 
informal feedback revealed that this prototype worked really well to 
explain the ActDresses concept. It is elegant and simple enough so that 
just about anyone can understand it through instructions and hands on 
interaction. Although the mechanical nature of the prototype makes it a 
bit brittle, its simplistic setup yet sketchy appearance also implies a 
certain distinct character (Figure 14).  
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4.1.3 Hacking Interaction 
Having defined the concept of ActDresses theoretically (Paper IV), we 
sensed that it could be general enough to be applicable to other types of 
technological artifacts where accessorizing as a practice is already 
common. Working at Mobile Life, one obvious platform that would fit 
that description is of course the mobile phone. Together with 
Wireless@KTH, I and my collaborator Ylva Fernaeus applied for, 
received and started a short three month project (stretched out over six 
months) to develop such a concept and implement a demonstrator for the 
ActDresses concept on a mobile phone. 
 
In this case we considered at a number of different technological 
possibilities for attaching accessories such as phone-shells, stickers, 
jewellery, etc. At the time when we started this project in 2010, we were 
aware that mobile phones featuring NFC existed, but only for one or two 
Nokia phones using Symbian OS. It was not until late 2011 that this 
technology would become generally available on more modern 
smartphones using e.g. Android as a system. To our mind NFC seemed 
perfect in every way, but further exploration would soon widen our 
perspective. In the end we would make a list of all the sensors available 
and then playfully tease out what they reacted upon that could be used as 
input. This exercise goes a bit like the following: 
 
“The   accelerometer   reacts   to   motion   – what may induce motion? 
Vibrators, tapping with fingers, etc. The camera can recognize contours, 
colours, brightness, etc. How can we make these? The phone-jack can 
detect if the hands-free is plugged in and whether it has a microphone or 
not. Here we might have something… The compass/magnetometer reacts 

  
Figure 14: The Hat-Trick prototype using the e-Puck platform and a 
physical knob-controlling mechanism with the looks of a hat. 
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to   the   earth’s   magnetic   field.   Perhaps   it   will   react   to   other magnetic 
things. Aha!” 
 
This reflection resulted in a simple but elegant hack using the 
magnetometer of a smart phone (Sony Ericsson Experia X10) as input. 
By duck-taping small yet strong NeoDym magnets onto the shells at 
various positions, their relative influence on the sensor given by the 
absolute distance became their ID. This exploration then exposes 
something fundamental, namely that the interaction now depends on a 

fixed position or in other words socketed accessories. Sockets bootstrap 
what and where accessories can be put. This works well for phone shells 
since they already are socketed mechanically and thus only fit one at a 
time and in one place (Figure 15). NFC or any other radio based 
technology works somewhat differently by allowing non-socketed item 
placement as long as it is within reach signal wise. In reality, the specific 
functionality of simultaneously reading multiple NFC-tags is not enabled 
on mass market phones. 
 

4.1.4 Studying an Robotic Arts Community 
In addition to my own reflections on building prototypes and 
demonstrators for research, I have been part of a project with the goal of 
studying practitioners in the robotic arts community. The main outcomes 
of this project are detailed in Paper III as part of this thesis. Here I will 

 
Figure 15: Mobile ActDresses with custom shells for 

controlling the behaviour of a smartphone 
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exemplify and try to articulate how the artists relate to each regarding the 
touching points related to tinkering in Chapter 2.    
 
The first point is about corporeal practices and how that was manifested 
throughout the artists’ work. In the article the discussion is focused 
around the theme of robotic fakelore. The argument is that the artists 
collectively deliver a kind of critique that is in contrast to robotic 
products and how robots are depicted in our contemporary society. In 
their practice the artists expressed a range of values that emphasised 
bodily interaction, for instance one piece was partly human (a person 
sitting inside of the art piece) and the audience was encouraged to touch 
the person’s skin as part of the interaction. Other pieces encouraged skin-
close interaction by being designed as hand-held devices that would 
move in the hands of the user. Furthermore the way the artists talked 
about their work, it is obvious that a significant amount of work went into 
sculpting and crafting their pieces. 
 
The second point is related to the observation that they make use of so 
called robotic materials. These materials are similar to what we use in 
interaction design research, materials that are physical, electrical and 
computational, but with an emphasis on dynamics as they exert motion in 
space. The artists actively explore their materials by crafting works that 
are interactive and live and thus are able to talk back through motion in 
the crafting process. Furthermore, the artists know what it means to be 
demo-ready and they often seek to engage actively with the public to 
have a discussion around the art pieces. There is no back-up plan, so the 
art pieces have to be robust enough to simply work and there is often a 
rich story or a political message for visitors to take home about how the 
art pieces came about.  
 

4.2 Characterizing Tinkering 
As an attitude, we will relate tinkering to a number of core values and an 
intentional collective set of activities that can aid in guiding the actual 
crafting practice. The primary ones are the playful and curious stances 
which help to create a bit of distance to any cultural preconception. 
Playfully pretending or having that “what   would   happen   if…” curious 
urge is often enough – as a relaxed yet excited way of getting started. Just 
about everything is acceptable at this point, but at the same time being 
open for both criticism and appropriation. Commonly, the first thing that 
happens rather spontaneously is the sheer “fooling around” with 
technology and tools. After a while, the materials at hand start to talk 
back, resonate with ideas and act as catalysts, like for instance “what   if 
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we just could carve out the shape of this display   to   be   round?” rather 
than the traditional rectangular configuration that is typical for screens. 
There is no right and no wrong and in a way we are allowed, if only just 
briefly, to be free from the constraints of imposed norms. Many if not 
most ideas like these are killed prematurely before even conceived as 
physical manifestations. Still, we should keep in mind that materials 
certainly contain their own set of values, for instance anthropomorphic 
(human looking), zoomorphic (animal looking) or technomorphic 
(technically looking) materials may look innocent enough on its own may 
become powerful cultural signifiers when combined. For example putting 
a camera onto a robot comes with a truck-load of expectations around 
human oriented conceptions of vision e.g. seeing, being seen, crying, 
blinking, staring, avoiding, looking and so forth. This is somewhat related 
to a discussion about the so called Media Equation by Reeves and Nass, 
where technology and media are treated similar to actual social beings 
[Reeves and Nass 2003].  
 
Paper as a material has many properties that have been well explored in 
HCI and elsewhere. It was central in the development of the desktop 
metaphor [Johnson et al. 1989], the way people used post-its in 
coordinating their work environment [Bentley et al. 1992], for sketching 
out ideas onto cardboard [Buxton 2007] and even folding artifacts 
ranging from simple airplanes to extremely complex origami creatures 
[Gardiner and Gardiner 2012]. We also need to be aware that values exist 
in a cultural context, in the very architecture of the crafting space itself. 
When artifacts are created in fun environments with playful attitudes, 
those cultures and attitudes have a reasonably good chance of being 
reflected in the crafted artifacts themselves, just as the opposite of having 
strict, closed and concealed values would hold true.  
 
Another core value is openness where artifacts and details can still be 
deliberately hidden as in encapsulating, but not hidden in the sense of 
being deliberately difficult to open up. In fact, this modular approach and 
sincere honesty is a shared core value in the same manner as open 
software where code is meant to be shared and used by others. This paves 
a way for assessment and appropriation similar to how free speech works. 
Furthermore this core value suggests an inherent modularity where each 
module is made so as to be readily available. With this modularity the 
process of tinkering becomes traversable and by using generally 
available tools (screw drivers, pliars, etc) it becomes easy to rapidly 
build, tear down, rebuild, undo, change, redo, remove, add, put together 
and so forth. By traversable I mean the ability to go back and forth within 
the process, to assemble and take apart. This is at the very core of the 
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tinkering attitude and it is easy to see how it is both similar and different 
to a sketching session. One mainly deals with representations towards 
final designs where the other mainly deals with a live corporeal dialogue 
directly concerning the real final materials rather than the final design. 
Ingold makes a much related case for the embodiment of skills and its 
relation to tools and appropriation [Ingold 2006]: 
 
“No   object   considered   purely   in   and   for   itself,   in   terms   of   its   intrinsic  
attributes alone, can be a tool. To describe a thing as a tool is to place it 
in relation to other things within a field of activity in which it can exert a 
certain effect. Indeed, we tend to name our tools by the activities in which 
they are characteristically or normatively engaged, or by the effects they 
have in them. Thus to call an object a saw is to position it within the 
context  of  a  story  such  as  the  one  I  have  just  told,  of  cutting  a  plank.” 
 
Comparing Lego (socketed by friction) to welding or some other more 
terminal process also highlights that there exists an active choice for 
where and when to forge clear modular boundaries. Each step where 
modularity is achieved can be framed as a success, and in practice it 
means that the space of possibilities just got defined yet multiplied. 
Defined in the sense that we now have a distinct module and multiplied in 
the sense that we can explore how to recombine it with other modules. 
Such modules or components can be reused, retrofitted, polished or even 
discarded altogether, but the point is that it has a sense of openness to it 
that shines through and although we may have moved through many 
layers of abstraction it is also possible to hand on this sense of openness 
to other practitioners and users. Those people are now empowered in the 
sense that they with the same tinkering attitude are allowed to hack, tear 
apart, and reverse engineer and thus acquire knowledge about the 
involved materials and corporeal practice. This is intimately related to 
how Cross frames knowledge as something that resides both in the 
artifacts and in the design process [Cross 2010]. Furthermore, one way to 
look upon it is that this reversed design process reveals details and 
knowledge about usage and intent connected to form and function similar 
to how reverse engineering reveals more technical inner workings. Such 
knowledge can be thought of as component knowledge that contains 
details about properties, contexts of use and inner components residing in 
other layers of abstraction. Moreover, as our bodies get used to 
incorporating components into various practices and situation, we 
develop a deep sense of the knowledge. As this knowledge gets harder 
and harder to describe adequately we end up with what is considered to 
be tacit knowledge.  
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Taking a step back, it should be added that tinkering as such is not to be 
taken for an ideal but that the process can be chosen to be guided by 
sketches, visions and concepts as well as be completely open-ended. In 
the following sections we will look at related approaches such as 
sketching in hardware, DIY and Crafting, and Hacking and Reverse 
Engineering. As we will see, in particular in these latter sections, 
tinkering resonates to a large extent with ideals and practices related to 
software. Since tinkering is an attitude I it is reasonable to assume that it 
is not limited to hardware since working in software hinges around the 
very same core principles. The difference lies mainly in the question 
about corporeal interaction versus symbolic manipulation, something that 
will be more thoroughly investigated in the section on hacking and 
reverse engineering. 
 

4.2.1 Prototyping and Sketching in Hardware  
This section aims to describe how prototyping and sketching in hardware 
relates to tinkering.  As I briefly mentioned in the introduction, sketches 
together with scenarios generally form envisioned uses of a technology 
and can be seen as detailed carriers for ideas and concepts situated in a 
specified context detailed by a given scenario. Hardware sketches are 
physical mock-ups or tangible representations where most of the more 
detailed technical capabilities are left unimplemented but still belong to 
its detailed usage/experience scenario. As a concept, sketching in 
hardware has gained some traction in interaction design research to 
bridge the gap between mockups – physical models and the use of 
electronics and digital material in a sketching process [Holmquist 
2006][Sundström et al. 2011]. Today there exist many kits for quickly 
doing hardware sketches e.g. general purpose kits such as Arduino, 
Gadgeteer, BASIC Stamp, u-parts and in terms of more specific kits for 
different areas e.g. in robotics we have e-Puck, LEGO Mindstorms, 
iRobot Create, etc. 
 
Prototyping as described in interaction design literature leaves quite a bit 
to wish for in terms of the kind of craftsmanship outlined by e.g. Schön 
[See e.g. Buxton 2007; Koskinen et al. 2011]. Often the term simply 
refers to the general practice of designing prototypes, that is artifacts with 
a clear idea of manifestation and functionality that resides in-between a 
mockup and a demonstrator. An even more general use of prototyping 
implies that most of its knowledge is kept tacit and that the crafting 
practice as such may be kept at a distance from the scientific discourse. 
This is alarming since it effectively suppresses a large part of the thinking 
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and knowledge production, which in my opinion often primes many 
essential “discoveries”  in  interaction  design.   
 
Tinkering as an attitude offers a mode of conduct for exploring concealed 
or hidden properties (like magnetism, wifi, IR, etc) in addition to using 
known functionality which is the general goal with sketches. A good 
example about exploring physical-digital properties like these is 
presented   in   Petra   Sundström   et.al’s   work   on inspirational bits 
[Sundström et al. 2011]. In this project they have created and given 
examples of simple units of technology that can be used in hardware 
sketching sessions for interaction designers to explore how digital 
technology resonates with real world usage rather than idealized technical 
specifications. Notably this example is part of a deliberate turn towards 
materiality in HCI where the goal is to emphasize physical-digital 
materials and how they can be used in interaction design. Tinkering is a 
way of continuing this material move [Fernaeus and Sundström 2012] by 
providing a mode of conduct or attitude that seeks to include, and 
emphasize practices around crafting with interactive materials. 
 
Within HCI and interaction design, tinkering allows us to work directly 
with prototypes, demonstrators as well as end products, and thus does not 
distinguish between how “finished” different artifacts are. It is not a 
perfectly linear process, and as an attitude it does not even need to have 
that aspiration. We may at any time switch between tinkering and any 
other governing attitude such as design, inquiry, etc, but the point is that 
while research text books tend to highlight processes that are rather 
linear, the tinkerer is free to pick and mash-up any existing products for 
prototyping or hardware sketching. However, grounding tinkering 
practices in studies of actual interaction does impose structure in a similar 
sense to how a landscape helps the architect design a building. 
 

4.2.2 Hacking and Reverse Engineering 
With hacking it is possible to consider both computer hacking and 
hacking together physical artifacts as ways of applying shortcuts as well 
as clever and thoughtful quick fixes. Furthermore, a hacker attitude can 
be characterized by knowledge and determination.  In  Jon  Ericson’s  view  
hacking  from  a  software  perspective  is  about  “the  art  of  creative  problem  
solving”,  by means  of  “finding  an  unconventional  solution   to  a  difficult  
problem”  or  “exploiting  holes  in  sloppy  programming” [Erickson 2008]. 
He essentially talks about the professional hacker as in that merely a few 
people actually have the strong technical competence required to really 
find and exploit weaknesses in software. From this perspective, errors, 
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mistakes and exploits can be considered to exhibit a certain kind of 
attractiveness in the way that they provide a door into uncharted or 
unknown territory. As with any other difficult challenge there is likely a 
strong connection between effort and reward. Steven Levy gives a much 
in depth account of hacking and how the term gained traction at the MIT 
campus  in  the  late  50’s [Levy 2010]. He states that “while  someone  might  
call a clever connection between relays a ‘mere hack’, it would be 
understood that, to qualify as a hack, the feat must be imbued with 
innovation,  style,  and   technical  virtuosity”. One important realization is 
that this original notion of hacking involved a great deal of interaction 
with physical materials like punch-cards and radio-tubes. Similarly, 
traces of this type of interaction related to the early 19th century jacquard 
loom have recently been brought up in HCI as an example of practices 
that more fully involves the body [Fernaeus et al. 2012]. It is thus 
reasonable to believe that the word ‘hacking’ is a fairly recent 
conceptualization of far older practices and values. Nowadays, hardware 
hacking in particular has acquired a somewhat broader meaning in that it 
could mean anything from just plain and simple crafting to finding 
shortcuts or clever and thoughtful quick fixes even in more mundane 
materials. 
 
Even in our field of interaction design, the term hacking stems from both 
this general use and the more strict reading reflected in traditional 
computer science. For instance, in Verplank’s model, hacking means a 
rough first simplest and quickest implementation of core functionality 
[Buxton 2007]. This is often the step in the process that takes place just 
before moving on with sketching in hardware or prototyping, but its 
arbitrary use may suggest that it is used interchangeably in between the 
two. It is interesting to see that hacking in this context is still not bounded 
to either software or hardware, but rather sees them as a whole – a 
material that is seen as an interactive material rather than having distinct 
physical and digital properties.  
 
Reverse Engineering is another important concept that begins with an 
artifact, of more or less unknown content, that through careful and 
structured disassembly unfolds and details any knowledge contained 
within [Kadavy 2011]. This could theoretically be done at any layer of 
abstraction: 
 

x Assembly details 
x Component details 
x Schematics 
x Functionality 
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Reverse engineering is, strictly put, a process of close examination and 
thus does not allow for any type of modification. The result is often 
documentation covering the component knowledge, plus the more tacit 
knowledge bound to the disassembling person or the group of people 
participating. Nowadays it is popular to also document a disassembly 
process on video, which is then uploaded by people and can be found on 
online video services such as YouTube. This method and set of principles 
are not limited to merely hardware since the observed effects often are a 
result of the interplay between hardware and software when it comes to 
physical-digital artifacts.  
 
Viewing this practice from another angle, there is a quite clear connection 
to an explorative attitude, as the whole method is about exploring not 
only the artifact, but also procedures themselves, tools and “bodily know 
how” for how to actually do reverse engineering. From this perspective it 
fits rather well with the theme of tinkering since they both share an 
explorative agenda as well as the taking apart and examination practices. 
 

4.3 Towards User Empowerment 
Tinkering as an attitude is very sensitive when it comes to values, and we 
should be critically attentive when making connections such as cultural 
stereotypes of household labour division and the traditionally male 
dominated engineering practice that might make it appear skewed in 
terms of gender. Moving beyond gender we should instead reason about 
tinkering in a very corporeal sense since it is a highly embodied self-
reflective process [Schön 1984]. By corporeal we mean skin-close 
engagement, breathing on glass components while polishing with cloth, 
smelling that puff of molten tin and flux, feeling the frictional forces 
when using a finger-nail to separate a plastic cover, and so on. Although 
our bodies are from one perspective similar they also represent the fullest 
diversity, a resource too often overlooked in the name of objectivity, 
norms and rationalization. No matter how detailed a procedure, it is a 
body that puts it into practice and thus reveals the fuller extent of it 
[Ingold 2006]. It is in that perspective, as an attitude and intentional 
collective of practices, that tinkering can finally be framed as “thinking” 
with materials, knowledge bound to artifacts resulting from embodied 
interaction.  
 
It is also worth stressing that one must not become too naïve and interpret 
thinking  in  this  sense  as  disconnected  to  ‘normal’  thinking.  Corporeal  in  
this case implies using the whole body, brain included and in a very real 
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sense substantially richer than merely symbolic manipulation. Some may 
recall that phenomenology, indeed, refuses any such separation [Dourish 
2004, pp.21]. This leads to the question regarding what attitude we as 
researchers and practitioners have towards ourselves – our own bodies 
and technology. Would it be possible that tinkering actually mirrors or 
imbues interaction, even in its making? This implies that making or 
crafting   something   is   not   a   separate   thing   from   interaction,   it’s   a  
continuum where tinkering and interaction overlap. This is in a way 
similar to how Höök e.al. views interactional empowerment as an integral 
part of the whole affective space rather than something that can be 
separated out [Höök et al. 2008]. Thus, by keeping this attitude 
throughout the process, even intentionally, we may in fact end up with 
artifacts that the receiving end i.e. users may pick up and feel empowered 
by. The character of this empowerment would then correspond to the 
enabling powers embodied within the artifact, which are the very same 
attitudes and values that helped shape it in the first place.  
 
As a summary of the main practices regarding the tinkering attitude we 
emphasize the traversing process of building and tearing. Crafting or 
making are the constructive parts while reverse engineering exactly 
corresponds to this notion of tearing in a strict form. Hacking in light of 
its double meaning, one more generally closer to crafting and the other 
more software oriented, has in common a sense of critical exploration and 
hunger for knowledge through finding and making use of exploits. 
However, it is wise to take into consideration that artifacts are not self-
sustained similarly to how a written text would be a bit lost without its 
actual socio-cultural context. Thus, acquiring any specific intended 
meaning by just picking up an artifact can never be taken for granted. 
This is central within the arts and for instance Dewey discusses this in 
depth [Dewey 1934]. On the other hand, to interpret something in a new 
context is of course to discover something new, to get a small reward for 
being curious. To hold something that has this open modular structure 
and to be able to access its knowledge, purpose and use through 
tinkering, to my mind, means being truly empowered as it does not try to 
limit options on purpose.  
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5 
Research Contributions 

 
The contributions presented in this chapter are at large represented 
throughout the thesis papers. Here the contributions will be revisited and 
structured in order to shape the overall argument that will help in 
supporting and properly addressing the posed research questions. The 
contributions aid to outline my governing research practice in interaction 
design concerning three attitudes – studies, design and tinkering. As an 
overview these three sections will be presented as applied, field studies, 
and conceptual contributions.  
 
Each contribution will be introduced with a brief overview and with 
pointers to its respective publication as included in this thesis. In 
particular we will look at how the contributions relate to the overall 
research agenda of conducting studies and tinkering as a deliberate 
attitude and practice. This is done by providing examples of on the one 
hand sketching in hardware, hacking, reverse engineering, bricolage, etc. 
and on the other hand grounding through studies of real world observed 
interactions. Finally I will explicate what the research contribution 
consists of in terms of sketches and scenarios, implications for design, 
design concepts, prototypes and studies. 
 

5.1 Articulation of Tinkering as part of IxD Research 
In this contributions section I present three research prototypes, the 
GlowBots, the Hat-Trick and Mobile ActDresses. These are at the same 
time the resulting demonstrators of the corresponding given examples of 
tinkering (Paper I, Paper V and [Jacobsson et al. 2012]). 
 
At one point Nicolas Negroponte at MIT media Lab proposed that their 
mantra   should   be   “Demo   or  Die!”   as   a   response   to   the   older   academic  
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saying  “Publish  or  Perish”  [Brand 1988]. This is a tradition that we have 
kept close to heart within our Future Application Lab as well as at the 
Mobile Life Centre. The main difference arguably lies in that we also 
ground our work by making studies in order to better understand existing 
needs, desires and problems. However, more than just for the sake of 
showing off new novel technology, there is a deeper and more profound 
reason for offering hands on experience using the technology that we 
develop. Just as reading a text or a sketch may convey a concept, a 
prototype in its physical form is capable of transmitting concepts and 
ideas by hands on experience. However, what cannot be transmitted are 
sketches and things that did not go into the demonstrator. Furthermore 
every embodied experience with an interactive artifact is unique and 
personal, just as any interpretation, symbolic or otherwise, would be.  
 
Throughout this thesis I have created a number of demonstrators, thus it 
is natural to reflect a bit on the curatorial aspects of showcasing a piece of 
technology. Assuming that the tinkering attitude is rather ubiquitous and 
that it also holds the key to acquire knowledge, tacit or not, contained 
within the artifact it seems interesting to consider how this is done in 
practice. There are a number of situations where demonstrations can 
occur, and just to give but a few examples from our own experience: 
 

x Informally giving demos to colleagues 
x Showing demos to other research labs 
x Showing prototypes to visitors of our lab 
x Curated exhibitions or science fairs, e.g. CeBit, ArtBots, 

Wired NextFest 
x Showing demos at review, lab or board meetings 
x Giving demos to media, potential partners or investors  

  
Some of these occasions are in fact peer-reviewed, which is in itself a 
process of knowledge transfer as well as assessment. Another important 
aspect from a research perspective concerns how to preserve the state and 
ensure lasting functionality of the research prototype. It should preferably 
be ready to show to other researchers, industrial partners, at various 
exhibitions, for media dissemination etc. as a way of communicating this 
knowledge. For that reason we think of demonstrators as rather finished 
research prototypes that are packaged in such a way that it is quick and 
easy  to  pick  it  up  and  do  the  “demo  performance” (Figure 16). Within our 
lab at Moblie Life we have casually referred to this concept as being 
“demo  ready!”.  
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Specifically Paper III regarding the study of ArtBot-artists highlights 
what it actually means to craft with physical-digital materials and put 
them out there on display for a general public to consume. The aspect of 
performance is implicit and the artists has to account for and make sure 
that the piece will withstand three days of (in most cases) constant 
running and interaction. This is not something that happens suddenly but 
something that comes with these materials being machines and/or 
computers that are active and in some sense increasingly reactive. This is 
not the same thing as working with clay or paint since the materials are 
capable of talking back in a whole new range of modalities.   
  
 

 
Among potential issues we find that the demonstrators we produce often 
are associated to one or at best a couple of researchers. It is not always 
that obvious when picking up a device created a few years back to guess 
its original intent as a demonstrator. Well-crafted documentation is 
important, open source helps a great deal and open specifications opens 
up for quickly making copies, but an overall experience unfolds from 
actual interaction with the artifact as we engage with it through our 
bodies.   
 
In my work I have actively used venues such as SIGGRAPH Emerging 
Technologies, Ubicomp, TEI, CHI and other scientific venues as peer-
feedback occasions for assessment of the kind of knowledge that comes 
with interacting with a demonstrator. It is similar to interacting with a 
product, but offers a first-hand and possibly unique interactive experience 
that is potentially relevant for broader use in our society. What the 
product has on the other hand is a market, a carefully developed strategy 
and a more self-motivated place in the ecology of products. In that 
perspective the demonstrator is still an idea represented as an artifact, 
which does not automatically translate to the market’s collective demand 
of a consumer product. 

  
Figure 16: A case of GlowBots and a box of Mobile ActDresses 
ready to pick up and demo.  
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So what else is it that we want to achieve with demonstrations? Beside 
knowledge assessment, we use the visibility of our prototypes and 
demonstrators as a way to shape references between our works. For 
instance, if I had merely watched a video of interaction with Tabby [Ueki 
et al. 2007], I would not have gotten nearly the same appreciation as I got 
by physically interacting with the breathing, furry, warmly glowing, life-
full artifact. Using scientific venues helps in reaching out to and 
connecting with industry, although I must admit that as a researcher I 
often tend to think of the artifacts we create as rafts for concepts rather 
than seeds for products. What is missing then is perhaps the attitude of 
entrepreneurship that in a better way can bridge the gap between 
demonstrators and products.  
 
The GlowBots project (Figure 17) is described in Paper I and has been 
outlined in further detail as an example of how I have used a tinkering 
oriented attitude to craft and design a robotic artifact capable of 
interactive communication. Furthermore I have used GlowBots as probes 
to elicit field data, as vehicles of knowledge to influence and inspire 
research and practices within the field and as an on-going material 
dialogue that remains open for tinkering.  

 
The Hat-Trick demonstrator is a demonstrator that conveys the main 
message of the ActDresses concept. It is not made as a product prototype 
or intended for end users, it is simply an articulation in physical form of 
what it could mean to accessorize technology in terms of end user 
programming. Secondly, the implementation serves as an example of a 
quick and less sophisticated hack that speaks of the tinkering attitude 

 
Figure 17: GlowBots demonstrated at Wired NextFest 2008. 
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rather than deign or engineering. In other words, I had to engage with the 
materials in a corporeal hands-on dialogue to tackle a particular problem, 
just to discover and eventually accept that the real problem could be 
framed differently. I had thus moved from a technically oriented 
formulation of the problem to a problem formulation posed by being 
profoundly involved with the artifact and its materials as mix between 
craftsman and a first-hand user. 
 

5.2 Using Studies to Inform a Tinkering Oriented Design 
Process 

In this section we will have a look at qualitative studies made with 
respect to particular user groups, developed prototypes or existing 
products. A key theme has been to at the same time critically challenge 
our own research agendas to get a sense of how interaction unfolds out in 
the messy everyday world. The research approach suggests that these 
studies are interventions or explorative in nature seeking to map out 
emerging themes informed by what is observed. For this reason the 
studies are rarely oriented towards evaluations or feeding back, but seek 
to inform an advancing interaction design research practice that explicitly 
includes also a tinkering attitude. That is not to say that evaluation is not 
important, but it is to take a more pragmatic perspective on the incentive 
for doing studies in the first place. The notion of ‘wild’ is often very 
much determined by the method or the study setup. One way around the 
problem would be to acknowledge that there exist many ‘wilds’ and that 
the larger picture can be captured by using several contrasting methods 
and approaches as discussed in Chapter 3. The following three studies 
serve as examples for where the outcome has inspired tinkering processes 
like the ones outlined in Chapter 4. For  instance  the  study  called  “owners  
of   unusual   pets”   is   an   integral   part   of   the  GlowBots   project,   while   the  
Pleo  Blog   Study   and   “Adopt   a   Robot”   study   together   set   the   stage   for  
exploring   designs   and   the   concept   of  ActDresses.   Finally,   the   “Always  
On”   study doubles as a study and a methodological exploration that 
informs projects and prototypes currently under development. 
 

5.2.1 Owners of Unusual Pets 
Back in 2005 my colleagues and I began to consider the role of “in the 
wild”-contexts and designerly ways of getting inspired by various more 
peculiar activities that takes place there, activities that refer to as 
marginal practices. Such practices have a limited and often secluded 
community that clearly is a contrast to what could be attributed to a 
general sense of norm. One example of such a marginal practice would 
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be lomographers and how their particular take on photography could be 
used to inform a design process focused on developing an innovative 
photography application [Ljungblad 2008; Håkansson et al. 2006]. By 
then studying marginal practices, in this case owners of unusual pets such 
as snakes, spiders and lizards, we have developed a methodology to 
motivate and articulate involved user qualities as a way to inform new 
designs [Ljungblad et al. 2006].   
 
The overall idea was to create a number of different personas 
representing contrasting relations regarding their pet-relationships. The 
process began by first cutting up the printed out transcripts from the study 
into a pile of quotes. Then we pick quotes from this shuffled pile and put 
them together into an affinity diagram. Each emerging section then 
corresponds to a persona. There is no real authority in this process other 
than the shared assumption that personas should be representative for 
how our users related to their pets in a constructed yet grounded sense. At 
this point all notions of various pets (e.g. spiders, snakes, lizards) were 
generalized   into   just   ‘pets’.   The   emerging   clusters   were   then   written  
together into a more coherent description of the persona using general 
fictive   “glue   data”. The result at this stage was four personas – each 
representing   a   distinct   relationship   towards   their   ‘pet’.   To   make   the  
personas more alive we gave them realistic (fictive) names and avatars. 
This is a very powerful trick for aiding the construction of a mental 
image around a concept. The next step was to make a clear transition into 
the  target  domain  by  replacing  all  notions  of  ‘pets’  by  ‘agents’.  This  shift  
turns the personas into governing design descriptions for building 
artificial agents e.g. robotic artifacts. The main contributions in this study 
are: 
 

x The contribution to the Transfer Scenarios approach as such 
x Here we got the chance to familiarize ourselves with the notion 

of grounding, a theme that has become rather central in our group 
over the years, and particularly for me reflecting on the ways that 
reality resonates with interaction design. 

x The   specific   persona   called   ‘Nadim’   that   worked   as   design  
guideline for the GlowBots project 

 

5.2.2 Adopting a Robot 
This study is not explicitly included as a paper in this thesis, but is partly 
outlined as the second example study in Chapter 3. In this study we 
wanted to explore long term effects of people having a robotic toy 
dinosaur to care for [Fernaeus et al. 2010]. In particular we were 
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interested in the kind of relationships that would form in terms of 
companionship as well as particular accounts of actually living with the 
technology in general over an extensive period. In a way this study did 
not deliver as much data as we originally anticipated. Perhaps this was 
due to that we somehow inaccurately expected that long term studies 
implied more data. On the other hand we saw this as a good thing, given 
that the data we did get gave us a sufficient understanding of both general 
and particular experiences from analysing the data. Main takeaways: 
 

x A main finding from this study concerns a tension between 
approaching the robot as a toy while also expecting it to act more 
like a real pet animal. At the centre of this is the maintenance 
issue 

x The robotic toy was expected to fit into an established eco-
system of play and toys. 

x Parents (in this case mostly fathers) expected to in their own way 
be able to tinker or play with the artifact, e.g. program it or script 
their own behaviours.  

 

5.2.3 Always On 
In this project we developed an approach for doing in the wild inquiry 
using guidance rules that emphasized a more persistent interaction 
[Jacobsson and Nylander 2012]. This is the third of the given example 
studies that was introduced in Chapter 3. In our rather pragmatic 
approach we have worked on this in two ways. First we created an a-
typical scenario case, where we broadly imagine a user together with a 
robotic artifact moving about in the wild. Learning from previous 
experience with studying how users interact with this technology we 
identified three major issues that we wanted to pursue:  
 

1. The companionship aspect, where a piece of technology would 
accompany the user to a greater extent 

2. The battery issue, how do users plan their power consumption 
and recharging  

3. The context issue, there is no incentive to bring the artifact into a 
variety of social settings 

 
Reflecting upon these three challenges we started to get a feeling for the 
things we wanted to capture by designing a new method. We were 
particularly interested in uncovering so called in-between contexts – 
everyday settings that are rich with uncertainty but also contain a trove of 
social norms and rules for engagement. A few example contexts are in a 
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subway, in a bus, in a mall, in a pizzeria, at a cinema, etc. In other words 
contexts that are transitional or that change greatly over time with respect 
to e.g. the presence other people. Based on previous experiences, we 
decided on a qualitative approach with semi-structured interviews in 
combination with taking inspiration from HCI-probes [Hutchinson et al. 
2003; Gaver et al. 1999]. For instance, in the always-on studies, 
participants were instructed and encouraged to gather pictures, video as 
well as any other kind of media that would help them to reflect upon their 
experience, in a semi-structured interview debriefing session. 
Furthermore, these sessions were scheduled right after ending each 
individual study while the participants’ memories were still fresh. The 
main takeaways from this study can be summarized as follows: 
 

x Handling energy and charging batteries, trying to keep the 
artifacts alive when it matters, and the planning that follows.  

x Pleo became an object for display and also the centre of attention 
in most reported situations, non-regarding of the experience (e.g. 
situations that required social re-negotiation of policies). 

x The “ice-breaker”   effect for starting more casual conversations 
with strangers. This was revealed in the blog study (Paper II). 
 

5.3 Tinkering as a Foundation for Developing Stronger 
Design Concepts 

ActDresses is a concept that originated from the study in Paper II, 
reflecting on how people portrayed and talked about their interaction with 
the robotic toy Pleo in online blogs. One theme that stood out in that 
study was descriptions of accessorizing, DIY and other similar engaging 
practices that appeared to be meaningful to these users. At about the same 
time, this behaviour was being reported in related studies on Roomba – 
the robotic vacuum cleaner [Sung et al. 2007]. My hunch that resulted 
from observing these practices was to bootstrap them for not only 
changing the physical appearance but also to connect it to any digitally 
augmented appearance. For dressing up a robotic toy this implied that a 
costume or accessory would affect its behaviour at some level in the 
software.  
 
At this point a first sketch of the concept was drafted, which was given 
the name ActDresses with the intention to emphasize the social 
enactment related to a costume or dress. Furthermore we reviewed related 
work on the role of costumes and uniforms in society and their signifying 
relationship with respect to roles. For instance, it is common in theatre to 
visually signify roles and aesthetical expressions by using costumes. The 
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concept of ActDresses is presented in Paper IV and V, while a kind of 
validation of the concept that confirms its generative capabilities has been 
presented  as  a  demonstrator  e.g.  at  CHI’2012  Interactivity   [Jacobsson et 
al. 2012]. This demonstrator is called Mobile ActDresses and shows one 
way in which the concept could manifest itself on mobile phones, another 
consumer oriented device where practices of accessorizing already exists 
through e.g. exchangeable phone-shells. 
 
 
 
 
 





 

85 
 

6 
Discussion 

 
The main topic for this discussion will be how to carefully put together 
and construct the overarching argument about tinkering and position it in 
the interaction design research process. Up to this point I have 
characterized tinkering in terms of attitudes and practices and also 
provided a bit of general theoretical orientation, approaches and methods 
as well as an overview of my research contributions. Throughout the 
discussion I will attempt to draw on this work and start to rebuild our 
argumentation in order to support our research questions. Moreover I will 
articulate how I have crafted and used robotic artifacts to explore the 
nature of embodiment and corporeal interaction in interaction design. I do 
this by looking at how research through design consists of practices 
dealing with artifacts from an embodied perspective. As researchers in 
interaction design we design, we tinker, we engineer and we do studies as 
a way of shaping our arguments and articulations – using instrumental 
attitudes for improving our world one artifact at a time.  
 
Let us now have a look at what could be emphasized with this separation 
between attitudes and practice (Table 2). If an idea or concept is the 
point, an attitude marks the sense of directionality. Having a tinkering 
attitude thus means to playfully explore what options there are given by 
the materials in order to turn a concept or idea into physical form. There 
is no real controversy here; the main point is that tinkering offers another 
mode of knowledge processing that ties closer to embodied practices and 
where we as researchers are allowed to have a direct dialogue with 
interactive materials and their functionality. 
  
Where is the dialogue in each of the other two discussed attitudes, and 
what part of interaction is it bound to? As has been suggested, in field 
studies dialogue resides in the observation of practices that occur in the 
wild. In design the dialogue is between conceptualisations, 
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representations and the format [Stolterman 1999]. It is important to stress 
that new influences, new ideas and new takes on existing practices in 
interaction design might open up for additional or alternative attitudes 
and practices. In fact, it may be inevitable if our field of HCI is to expand 
and adapt to future challenges. For now, my work in this thesis suggests 
that we need to be open for something other than design: it is the 
knowledge and practical skills of a craftsman combined with studies of 
what people actually do. 
 

6.1 Tinkering and Crafting Articulations 
I propose that tinkering framed as an attitude together with looking at 
robotic artifacts may aid in getting a perspective on practices in 
interaction design research where we as a field aspire to build novel and 
more complex interactive systems. This understanding of the role that 
tinkering has appears to   resonate   with   Buchanan’s   description   of   how 
design in general relates to Logos, Ethos and Pathos [Boyarski and 
Buchanan 1994]. From a historical point of view it is worth noting that 
these concepts originate from how rhetorics, i.e. the practice of making 
an argument, emerged in philosophy [Wood 2005]. My understanding is 
that this   is   still   at   the  core  of   today’s   research  practice  where  we  make  
such articulations both through written text and through crafting physical 
artifacts [Redström 2001].  
 
With tinkering we thus put emphasis on the functional element that 
corresponds to Logos, but that does not in any way mean that it is 
separable from or even unrelated to either Ethos or Pathos. Logos roughly 

 Field Studies Design Tinkering 
Attitude Exploring what 

people are already 
doing 

Exploring what 
people would like 
to do, feel or 
experience 

Exploring materials 
and how they can be 
used or recombined 

Practice Interviews, 
Observations, 
Surveys, Analysis 

Sketching, 
Brainstorming, 
Conceptualizing, 
Critiquing 

Examining, Crafting, 
Prototyping, 
Debugging, Testing 

Result Accounts of what is 
real and exists, 
Implications for 
Design or Tinkering  

Mock-ups, 
Sketches, Form but 
not necessarily 
Function 

Prototypes, 
Demonstrators, 
Function but not 
necessarily Form 

Table 2: Overview of how tinkering relates to other main attitudes and practices 
within interaction design. 
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corresponds to the inner workings of an artifact and how the involved 
technology and materials relate to each other as well as the structure and 
surface that hold them together. The same line of reasoning applies for 
studies and grounding in existing everyday practices and how that relates 
to Ethos. With Ethos we seek to frame what is real and the inherent 
responsibility for creating the artifact in the first place by making sure 
that it stays grounded and thus in a very precise sense – not to lose track 
of or weaken the research question along the way. This is one aspect of 
how research that involves physical artifacts and interfaces, simply put, 
may account for a degree of credibility. Thus, the most common 
approach to improve credibility is through making studies, evaluative or 
precursory, and by that making sure that an artifact is right, justified and 
actually deserves a place in our society. Finally, Pathos can be seen as the 
process around considering the receiving end’s perspective of what 
would be considered attractive and aesthetically relevant. This is in a 
rather similar manner approachable through practices regarding design 
and form giving.  
 
What my studies suggests then, is to consider these concepts on an equal 
level in the sense that all three are necessary to make a strong 
articulation. They can all three be regarded as attitudes, distinct by their 
individual orientations around a number of core values. That is not to say 
that some values cannot be shared, but rather that the attitudes themselves 
may be governed by different sets of practices and knowledge domains. 
In my own engagement with the practices of creating research prototypes, 
and studies of ArtBot artists reflections, I have come to learn the 
following lesson that addresses the first research question: 
 
Put faith in that the tinkering attitude and a dialogue through active 
involvement with interactive materials will let the materials to talk back 
and reveal a path forward. 
 
However, we must also be aware that it may take time since it involves 
engaging, struggling and fighting with the materials as we could see in 
Chapter 4. Looking  back  at  Verplank’s  model  of   interaction  design,  we  
can   see   this   revolving   central   core   of   “hunch   and   hack”   as   directly  
corresponding to this notion of tinkering. Moreover, Sundström reasons 
about what it means when finding oneself in a situation of fighting the 
materials, and in a way this could be what happens when simply applying 
the wrong attitude [Sundström 2010].  
 
What more would then be required than the right attitude and how did my 
studies inform the tinkering activities and specifically the part that is not 
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so much about design? It is important to realize that while the whole 
process is a design process, any particular approach or attitude within that 
process is not necessarily design oriented. For instance the GlowBots 
project started with a study around unusual pets that revealed that the 
patterns on the lizards’   skins   were   an   important   part   of   our   users’ 
relationship with those pets. While the design challenge was to build a 
group of autonomous communicating agents with a known form factor 
that exerted some visual impression, the tinkering challenge revolved 
around hacking together a round screen that could talk to the e-Puck 
robot platform and experimenting on how the communication connects to 
the patterns via infrared to produce an emergent behavior. This required 
guiding inspiration from the scenario as well as dealing with both 
hardware and software in an intricate process of active material dialogs 
that had less to do with the form and shape. In the end this push for 
tinkering resulted in a better solution that the very first one that came out 
from the initial design brief. From ActDresses we learned that a design 
brief does not always imply a specific technical solution. By going back 
and forth in the tinkering process we arrived at a point where the concept 
not only worked, but at the same time revealed its generative aspects by 
being applicable to other artifacts that share similar use scenarios. 
 
As a partial answer to the discussion I would like to stress the importance 
of  engaging  in  “studies  in  the  wild”  to  get  a  firm  grounding  and to equip 
the body with the proper set of receptors that bootstraps the tinkering 
process. In a way this is what makes it an informed or more skilful 
process that elegantly traverses the landscape of possibilities rather than a 
crude trial and error process. In other words, the other main pathway to 
failure is when it is not properly grounded in some kind of reality. In my 
perspective this is without doubt the ethically correct thing to do. This 
second form of reality check can be summarized as the following lesson 
which also addresses the second research question:  
 
It is wise to ground tinkering in field studies of existing products before 
attempting to create artifacts, not the other way around as is often 
implied by the evaluation paradigm.  
 
I see these lessons as comments to the on-going discourse of failure in 
HCI, where rather than being a taboo we must realize its broader 
potential in terms of knowledge contribution [Gaver et al. 2009]. As 
researchers, we should instead strive to be openly critical and strive to do 
the  ‘right’  thing based on what we observe through our field studies. This 
is even such an essential lesson that we teach it to our students in their 
very first HCI-course. 
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Tinkering offers a broader view of product development in that it 
advocates another sense of openness. It is hard to shake off the feeling 
that robotic consumer products (such as Pleo) appear to have an agenda 
of imposing too much of a pre-defined narrative. Rather than experiences 
that emerge, surprise and change depending on context there has been a 
trend towards specific experiences – that the products are designed to 
deliver a defined set of emotions [McCarthy and Wright 2004]. This 
seems to be in conflict with customers or end-users wishes to play, tinker 
and use imagination for self-empowerment. Keeping things open thus 
implies purposefully leaving room for things that are playful, implicit, 
serendipitous, a bit broken,  self-reflective and to be interpreted in a 
variety of contexts [Höök et al. 2008][Tholander and Jacobsson 2013].  
 
All of this must be seen in contrast to the design tradition of HCI, and the 
process needed to advance this work. In this context the tinkering attitude 
will never be able to stand on its own, independent from other attitudes. It 
should be challenged and worked through in a similar fashion as design 
was, which over the years highlighted many prominent concepts within 
design like for instance ambiguity, experience and sustainability [Gaver 
et al. 2003; McCarthy and Wright 2004; Blevis 2007].       
 

6.1.1 A Lesson Learned About Robotic Artifacts   
In my view robotic artifacts highlight many of the difficult problems in 
interaction design. Furthermore, I have come to realize that my argument 
goes in the opposite direction as interaction design suggests that many of 
the difficult problems related to how interactive robots come into 
existence may be approached design wise. At the same time the tangible 
and physical nature of robots implies that they consist of materials that 
one can have a dialogue with, beyond just the digital aspects. This can be 
seen in the ArtBots-study where I and my colleagues looked at how 
artists expressed themselves through these materials. At this point I 
realized how different the artists take on robotics were compared to the 
engineering approach that many of our collaborators had in the European 
projects and at the human robot interaction conferences (Paper III).  
 
Related to robotic materials is the aspect of a narrative. We saw this in 
how GlowBots  appears  to  tickle  the  children’s imagination compared to 
how Pleo was  supposed  to  be  played  with  as  the  shape  of  Pleo’s comes 
with a kind of embodied narrative that implies playing with a dinosaur-
puppy. Furthermore, using Pleo in the Always-On study seemed to shift 
the played out narrative closer to what interaction design really is about. 
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To our surprise, many of the unfolding events with strangers followed 
similar social protocols that would accompany any ordinary pet. In the 
end, the users somehow seemed to enjoy this aspect.  
 
One of these material considerations that have been discussed in this 
thesis was revealed by, simply put, tinkering with communication 
between a small swarm of robotic artifacts and observing and reflecting 
upon communication conceptually. Tinkering in interaction design 
highlights how important it is to realize that communication, as in a 
social setting involving people, is something very different than wireless 
communication technology. The bottom line is that it is important to 
make the communication perceivable as well as responsive without being 
constrained by any given technology. From an interaction design 
perspective – just being able to perceive and take part in an on-going 
discussion could be very interesting, pleasant and joyful as the experience 
unfolds, and when we get it right, we will be able to discover and expand 
our own communicative capabilities. This hints of a certain openness or 
ambiguity, and it is in that sense the opposite to command driven 
interaction as the one we see in e.g. Google Voice Search or Apples Siri 
today. As we learned through our experimentation, using Bluetooth or 
any wireless outside our own range of perceivable communication would 
result in closed or broken communication. The lesson that we learned was 
that situated close range communication like using IR made it both 
perceivable and responsive since the communicative range more closely 
matched the robotic artifacts’ range of physical interaction with one and 
another.  
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7 
Conclusions 

 
In this thesis I have reviewed and reflected upon my own research in 
order to build up  an  argument  for  how  to  conduct  research  in  today’s  HCI  
landscape by making and using research prototypes in an explorative 
agenda. The procedure has been to flesh out what a tinkering attitude 
could offer and more importantly what it means in terms of interaction 
design. I have showed that tinkering is about exploring possibilities given 
by materials and affordances in a playful way. To make this argument, 
the thesis brings up different aspects of what constitutes as knowledge. 
By doing a review of some related work, mainly within the HCI-field and 
interaction design, I have showed a few emerging areas where research is 
not settled and where a tinkering attitude may play a role. By then 
looking at the related work I came to realize that tacit knowledge is 
captured in the body and that tinkering with materials as an attitude, an 
intentional collective set of activities, sets this knowledge in motion – in a 
way that could be seen as akin to thinking with materials.  
 
To back up this endeavour I have presented parts of my own research 
within interaction design by looking at design processes, methods, 
research contributions and practical work. In particular I draw from the 
parts of my work that are connected to studying, designing and building 
everyday robotic artifacts. In the introduction I posed the following three 
governing research questions: 
 

1. How does tinkering manifest itself as a practice when conducting 
research on interactive technology? 

2. How can studies of real world interaction with robotic artifacts 
inform tinkering practices with interactive materials?  

3. How does the tinkering attitude relate to studies and design in 
HCI and interaction design research? 
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What I have done at a glance is to review a few existing processes and 
methods in HCI and interaction design in order to find out where the 
more hands on work involving interactive materials takes place. 
Furthermore, the second chapter brings up a few directions where the 
research questions may play a role. Secondly, I have given several 
examples to back up this reasoning from my own research through 
studies, interventions, designs and crafted artifacts. The first research 
question is answered by looking at and discussing mainly my own 
process of engaging and fighting with interactive materials. The second 
research question is answered by looking at how the studies have 
informed this design process. Thirdly, I have outlined a theoretical 
reasoning behind introducing tinkering as an attitude and positioned it 
within HCI and interaction design side by side with studies and design. 
This is also the answer to the third research question. The governing 
philosophical rationale for this work is to more fully be able to make 
articulations, and facilitate knowledge-induced strengthening of an 
attitude or research question, as part of the knowledge production process 
with respect to research. With that said, tinkering will neither replace 
design or on its own motivate the need for conducting a-priori studies. It 
is implied that we as researchers carefully challenge and critically reflect 
upon our attitudes as a way of moving forward. It might even be that our 
obsession with artifacts and technology are severely skewed in the first 
place, and that several contrasting studies must be made in order to 
account for such issues.  
 
What then is a long-lasting research implication of all this? In my view 
research is about articulation and looking at my work presented here in 
this thesis, the work that has the strongest sense of conceptual clarity is 
ActDresses. Secondly, if research is about articulation as a knowledge-
induced strengthening of an attitude or research question then such 
articulations should be manifested, at least partly, as the presentation or 
demonstration of an interactive artifact. From this perspective interaction 
design appears to shift towards more grounded attitudes in terms of 
tinkering and a kind of re-evaluation of what it means to craft interactive 
artifacts and technology demonstrators in research. Interestingly, in my 
case this insight comes from looking at robotic artifacts such as the 
Glowbots, which are in a sense embodied, situated and move about in 
addition to being interactive. That is why I argue for being open towards 
this diversity of attitudes in HCI and interaction design research and at 
the same time why fields related to robotics and human robot interaction 
desperately need our perspective and insights.  
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7.1 Tinkering a Future of Robotic Artifacts 
When will people have lots of robotic artifacts around? First of all, 
society as a whole will have to reconsider the role of such artifacts and 
ground our modern needs with what the promise of this technology could 
potentially offer. We must become aware that our needs and drives are 
constantly  changing  and  yesterday’s  call  for  robotic  helpers  may  be  either  
supplanted by another  technology  or  simply  remain  a  modern  ‘myth’. In 
the slightly naïve analogue vision, common robots would be our butlers 
taking care of various chores in our homes. One example would be the 
incrementally advanced ascendants of Roomba – the robotic vacuum 
cleaner. In contrast, my own interpretation is that in the forecasted 
digitalized vision they are highly connected devices made of robotic 
materials that by motion and physical presence amplify our experience of 
our own already digitalized environments. To consumers this will appear 
a bit like magic, to have reactive or responsive sentient things in our 
environments, firmly conducting simple tasks like providing us with 
stable wireless internet connectivity or making sure that we elegantly yet 
subtly become aware of our untapped capabilities as humans. The 
tinkering aspect however is a main driver for what will make such things 
engaging. Users will be able to assemble and configure their own little 
robotic artifacts that are part   of   everyday  playful   activities,   “games”   or  
chores. In other words, engaging, playful, surprising yet grounded, 
meaningful and empowering subtle interaction that progressively 
enriches our lives.  
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Abstract—GlowBots are small tangible, communicating and 

interactive robots that show eye-catching visual patterns on a 
round LED display. This paper details the development of the 
GlowBots from the early user-oriented design phase, through 
hardware and software development and onto preliminary 
user studies. In the design phase we outlined a robot 
application based on a study of how owners relate with unusual 
pets, such as snakes and lizards. This led to an application 
concept  of  a   set  of  ”hobby  robots”  which  would  communicate  
with each other and the user through dynamic patterns. Based 
on these requirements, we developed a LED display called see-
Puck, which together with an open robot platform was used for 
the GlowBots application itself. One particular issue is dealing 
with energy consumption problems, as resources in embedded 
systems often limit the potential time for user interaction. We 
conclude with a report on early user experiences from 
demonstrating GlowBots and a preliminary user study in a 
home environment as well as remarks about future directions. 
 
 

Index Terms—GlowBots, Human Robot Interaction, 
Tangible Interfaces, Ubiquitous Computing. 
 

I. INTRODUCTION 

HE ROBOTS are coming, but are they here to stay? [1] 
Human-robot interaction is a rapidly expanding area, 

with many new journals and workshops appearing in recent 
years.  However, in order for robots to truly become a part 
of our everyday life they should provide a meaningful and 
sustainable presence as a result of interaction with other 
robots, humans, pets or devices. Seen from this perspective, 
everyday robotics shares a strong synergy with the vision of 
ubiquitous computing [2], and tangible computing [3], 
where technology tends to become more and more intimate 
[4]. The main difference from these emerging interaction 
paradigms is that robots manifest themselves as mobile 
embodied units that can affect the world physically.  
 

In the European project ECAgents – Embodied 
Communicating Agents, [5] we have been actively working 
to expand the boundaries of what interaction with robots 
might be like in the future. Mundane labor such as 
vacuuming, cleaning or other practically oriented chores are 
merely a subset of existing needs where robots could play a 
role [6]. From a design point of view, it is also important to 
use   ”out   of   the   box   thinking”,   as   we   might   miss   out   on  
important areas and interaction modes that are difficult to 
imagine before they exist.  
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As a way to stimulate new ways of thinking about robots, 

we first gathered researchers in the field for a two days 
workshop   called   ”Designing   Robots   for   Everyday   Life”   to  
brainstorm about innovative new robotic design spaces [7]. 
As a direct outcome from this we got a number of robotic 
mockup scenarios, for instance, robot plants that would re-
arrange themselves in order to guide queues in a 
complicated environment such as an airport, or the listening 
psychologist, bean-bag shaped robot that would attach itself 
to  a  car’s  rear  mirror.  But  more  interesting  than  these  design  
suggestions was that we learned that designing robotic 
applications often results in far-fetched expectations and 
visions of problem oriented scenarios – even though we did 
all we could to be as open minded as possible. 
 

To further explore how robotic appliances could be 
designed, we started to experiment with a new design 
method, transfer scenarios [8]. In this process we sought 
ways of grounding our designs in existing practices where 
relationship, autonomy and embodiment were essential [9]. 
We looked for an existing human practice that could be used 
as inspiration and guidance for the design of new forms of 
robots. Eventually, we decided to study owners of unusual 
pets, such as snakes, spiders and lizards as inspiration for 
designs. One of the results pointed towards an application 
where robots are engaging, but not overly personal, similar 
to a dynamic, mobile and visually appealing trading card 
game collection.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Following the resulting design implications we 
constructed a round LED-display that could extend an open 
educational robot platform, the e-Puck. The result was a top 
mounted extension module that we swiftly named see-Puck 
[10]. We then also needed to make several energy-
optimization changes to the e-Puck firmware in order to 
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Fig. 1.  Exhibition visitors playing with a swarm of GlowBots. 
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cope with sustainability and stability problems. The 
resulting application is called GlowBots and consists of the 
assembled hardware together with software for infrared 
communication and animated morphing patterns (Fig. 1).   
 

Not only did this project begin with a study, but we will 
also conclude this report with a preliminary user study 
conducted in a real home environment. In the discussion we 
will also compare findings and comment on the overall 
design process. 

II. BACKGROUND AND RELATED WORK 
What would be the design requirements for a more subtle 

robot technology, one which could be found in the 
intersection between robotics and ubiquitous computing - 
robots that quietly find their ways into our everyday life and 
eventually become an integral part of it? Today new robots 
are appearing almost every day, so first we would like to 
recapture some historical points and put our standpoint in 
contextual highlights. 

People have an underlying assumption that robots are 
socially capable [11]; hence they are quite biased when it 
comes to their image of a robot. The word itself (although 
not   the   concept)   originates   from   Czech   ”robota”,   and   was  
popularized  through  the  theatric  play  by  Karel  Ĉapek  called  
”Rossum’s  Universal  Robots”  (R.U.R)  in  1921.  The  word  at  
that time simply meant work or compulsive labor, but a 
general definition once given in the Merriam-Webster 
dictionary centuries later still reflected this common 
perception: 

”An automatic apparatus or device that performs functions 
ordinarily ascribed to human being or operates with what 
appears to be almost human intelligence”.  

It may be a pity that we did not catch up on the Japanese 
older and more humble notion similar to automaton. The 
profound cultural differences to western attitudes could be 
seen as in contrast to the Japanese compassion for robotic 
characters like the Mighty Atom (Astro Boy in the US) 
which is more emotionally oriented rather than labor 
oriented. 

Today, the word robot still represents a governing 
descriptive purpose, but we also have a flora of words in the 
subsequent field of robotics that captures more fine tuned 
distinctions, e.g. android, humanoid, mecha, cyborg, but 
which all still inherits much of the original anthropomorphic 
connotations. Another example, the Robot Fish [12], is 
designed to be a copy of a common fish in terms of looks, 
properties and behavior. This approach is common, 
especially from a robotic toys perspective as 
anthropomorphic values are added to the designs as a mean 
to extend interaction. To mention just a few of these 
commercial examples of robotic pets we have Aibo, 
RoboPanda, Furby [13] and now also Pleo [14]. 

Masahiro  Mori’s   uncanny valley is an example of what 
happens when more subtle expectations do not correspond 
to the perceived input in human-robot interaction [15]. 
Instead of getting relaxed and enjoying the anthropomorphic 
features the hypothesis states that we unconsciously start to 
focus on the dissimilarities which in the end results in an 
uneasy repulsive reaction. In relation to this theory we 

notice that anthropomorphism and zoomorphism play an 
important role in setting the levels of expectations, and by 
being aware, and taking control of these insights would be a 
key component in taming robotic design. 

As a consequence we sometimes instead prefer to use the 
term   ”embodied   agents”   to   describe   a   more   general   and  
open view of robots that moves the focus away from 
traditionally biased anthropomorphic preconceptions [7]. 
Other researchers prefer the term ”robotic   product”   to  
denote mechanically based interactive applications [16]. 
Examples of robots intended for labor oriented work include 
the Roomba vacuum cleaner [17], the Artemis guard robot 
[18] or the Minerva museum tour guide robot [19].  

In a sense our work is the opposite of the above 
approaches; we have absolutely no intention to make a new 
dog or cat, or replace work already performed by humans. 
Several researchers are also pursuing such alternative views 
of robots. For instance, The Hug [20] is an example of a 
robot that does not look like anything biological, but instead 
reminiscent of an artifact that can be found in an everyday 
setting, in this case a pillow. It does not have any 
sophisticated communication capabilities like speech, or 
complex behavior like walking. Instead it appeals to our 
most primitive need of affection. Yet another example of a 
design that expresses life-like qualities but also integrity is 
Tabby [21] – a simple interactive furniture demonstrator. 
Our work is thus similar in that we also move our focus 
away from the ordinary expectancies of robotics and at the 
same time avoid elevated expectations.  

Another   relevant   study   looked   at   peoples’   relationships  
with everyday artifacts, such as computers, corkscrews and 
notebooks [22]. It points out that a notebook will increase in 
perceived value over time as it is filled with notes and 
sketches, while e.g. fashionable clothes value actually 
decreases as it becomes increasingly obsolete. We found 
such observations inspirational in regards to where we 
should position ourselves and think about future robot 
applications.   

III. DESIGN METHOD 
One of the problems of designing novel forms of robots 

could be the lack of perspective outside that of the experts 
and scientist who are already designing robots. We have 
taken inspiration from the field of human-computer 
interaction to find methods that infer design implications 
either directly from studies of users or by extrapolating from 
known human needs and interests. One such method is to 
use fictive representative characters called personas [23].  

 
We started by seeking out possible sources where 

established interaction and engagement are essential 
properties and autonomy plays a significant role. From 
earlier studies we knew that looking at practices that lies 
down the long tail of practices, so called marginal practices, 
tend to turn our minds away from the established discourse 
[8]. When looking for a suitable practice to engage with, we 
were interested in people who were interacting with living 
things – but not necessarily commonplace pets, such as cats 
and dogs, since such an interaction has already been proven 
hard to capture in a robot. We decided to study and 
interview owners of pets with fairly low cognitive 
capabilities and unusual affordances for interaction, e.g. 
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spiders, lizards and snakes (Fig. 2). In total we conducted ten 
interviews with six male and four female participants. Three 
of the interviews were made face-to-face and the rest by 
phone due to logistic restrictions. Typical questions during 
the interviews would be about why they were interested in a 
particular pet, what the pet does, what they do together and 
how they could tell the mood of their pet. 
 

We then transcribed the answers from the interviews and 
cut up quotes and wrote them down onto Post-its. From the 
scrambled Post-its we then tinkered and linked together 
different properties and intrinsic characteristics in various 
constellations. After iterating this process several times four 
distinct clusters started to emerge representing the rough 
outline for the four personas (Fig. 3). In one of the affinity 
clusters we could then read several statements without any 
apparent contradiction e.g.: 

x He does not pet his pets, nor is he interested in 
different personalities of the pets. 

x He is interested in breeding his pets in order to 
create nice patterns. 

x He enjoys reading about his pets and often meets 
up with people that have similar pets, to look at or 
even exchange pets. 

The next step was to create the personas from these 
clusters, which are descriptive scenarios of imagined users. 
The complete scenario was then created by filling in general 
fictive   ”glue   data”,   connecting   such   different   quotes   into  
meaningful coherent descriptions. In total we created four 
such personas [9] but in this case we will focus only on the 
persona that is relevant in the context of GlowBots.  
 
 We then named the persona, which is a powerful way of 
building a mental image around a common reference. This 
particular persona goes by the name Nadim. At this stage the 
scenario would still refer to a relationship with pets; 
however,  by  simply  changing  the  word  ”pet”  to  ”agent”,  we  
transferred the scenarios to our target domain [8]: 

Nadim is 32-years old and works as a network engineer, 
living alone in a two-bedroom flat in a small town. He has 
always had a great interest in collecting and exploring 
various things, and as he got older he became fascinated in 
having agents as a hobby. Nadim finds it exciting to try to 
understand their behavior and sees them as a research area 
where there is always something more to learn. He enjoys 
watching them communicating to each other and changing 
their patterns. Every single agent has its own specific colour 
pattern, and when it is put close to another agent they both 
start to change their individual patterns. The surrounding 
light, sounds and movement etc, also affects their patterns. 
The changes are slow, and sometimes it takes several days 
until it Nadim can see how an agent is reacting. The 
challenge is to avoid results that are bland or unattractive. 
Nadim is quite good in developing agents with unique 
interesting patterns, and he puts pictures of the agents on 
his website. The number of agents Nadim owns varies, and 
he has never bothered to give them any names. He likes to 
read everything that crosses his path; Internet pages and 
magazines. He also frequently visits other sites to compare 
patterns and sometimes he writes in a forum for people with 
the same type of agents. They sometimes also meet to let 
their agents affect  each  other’s  patterns. 
 

This scenario now expresses what a potential user of an 
autonomous agent would look like. The final step in this 
process includes matching technology with the scenarios to 
sketch out real designs: 
 
The agents can evolve interesting patterns over time, but it 
is a lengthy process and might not always succeed. Agents 
will be equipped with a color display on their back and have 
one or more sensors for light, movement and sound. The 
sensing can be different for different agents. Each agent will 
have a unique color pattern, developed from meetings with 
other agents the environment it is in. By touching the agent 
in a particular way makes it possible to temporarily freeze a 
pattern. Achieving a nice pattern requires several agent-
agent interactions and an attention to timing.  
 

Based on this description we could then proceed with 
sketching and implement a rough first prototype. 

IV. SEEPUCK DEVELOPMENT 
Our design pointed towards some kind of visual interface 

as one of the central components. We also decided to base 
the project on an educational robot platform, the e-Puck, 
developed by Ecole Polytechnique Fédérale de Lausanne 
[24]. We looked for an existing display but found that all 
currently available displays had a rectangular shape, often 
needed backlight to be visible from a distance and 
prioritized resolution and color depth over cost. We decided 
to design a new display that fit our needs, and in particular 
one that had a shape that would fit on the round, roughly 
coffee-cup sized e-Puck. When designing the new platform, 
much effort was put into hardware and software design, 
keeping it simple, modular, obvious, cheap, energy efficient 
and robust.  

A. Hardware 
The see-Puck is designed to fit on top of the e-Puck robot 

and connect through a serial interface. We use the version 
2.0 of the e-Puck, which features a number of sensors and 

  
 

Fig. 2.  When designing the GlowBots we took inspiration from the 
relationship people develop with unusual pets such as spiders. 

 

 
 

Fig. 3. a.) Selected data was taken out as notes from the transcribed data. 
b.) The notes where clustered, each being a starting-point for one persona. 
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actuators including infrared (IR) proximity sensors, one 
camera, three microphones, a 3-axis accelerometer, 
loudspeaker, stepper motors, Bluetooth interface, a number 
of LEDs, a PIC microcontroller, and a twelve step mode-
selector.  

 
Fig. 4.  The two printed circuit boards of the see-Puck module are mounted 

on top on an e-Puck. 
 

The see-Puck display module (Fig. 4) consists of two 
printed circuit boards, one controller board and one matrix 
board, sandwiched together by two perpendicular 
connectors. This design ensures that the matrix board that 
holds all the LEDs can only be fitted in one way. The 
controller board (Fig. 5) holds its own microcontroller (Atmel 
ATmega8L) and firmware to handle higher level 
instructions from the e-Puck through a RS232 serial 
interface.  

  

ATmega8LRS232

Driver (Column)

Decoder

Sink (Row)

 
Fig. 5.  Controller board overview with arrows indicating the flow of 

information. The driver sets a column high while the sink grounds one of 
the rows given by the decoder. 

 
The matrix board holds 148 LEDs in a rounded 14 by 14 

matrix. To keep the energy consumption down and also 
maximize light intensity we exploit a known, but often 
overlooked feature of the LEDs – the possibility to light 
them up using short rapid pulses of higher current. To the 
human eye the quickly flashing the LEDs will appear as a 
constant light. The gain is significantly lower total energy 
consumption, which is one of the most important factors 
when designing for devices that rely on batteries. 
Furthermore, flashing the LEDs is a perfect fit with the 
electronic design, since only one LED per column can be lit 
at a time.  
 

B. Software 
The software has two parts, one library for the e-Puck 

consisting of the higher level commands that are sent to the 
see-Puck module from the e-Puck and one firmware part for 
the microcontroller on the see-Puck controller board. The 
range of graphical commands available in the library 

represents the most basic ones e.g. set a pixel, draw a line, 
draw a circle, shift screen, etc. These commands often take 
arguments in form of coordinates and LED brightness. We 
also decided to make graphics double buffered, i.e. the 
actual drawing is done to one buffer while the other is 
shown, so that flickering in animations is kept at minimum. 
The firmware consists of two interrupt-driven subsystems - 
the communication and the graphical subsystems, which run 
side by side parallel to a continuous main loop (Fig. 6). 

  

Init

Main loop

Display interrupt

Receive data interrupt

 
Fig. 6.  See-Puck firmware schematic overview with two simple interrupts. 
 

When the communication subsystem receives a byte over 
the UART (the serial interface on the microcontroller side), 
it calls the receive data interrupt. After checking the 
integrity of the message it gets stored into a ten level sized 
software implemented FIFO buffer shared with the graphics 
subsystem. At the end the receive interrupt is reset. 
The graphics subsystem interrupt is timer-based and called 
about 60 times a second. When called it starts with getting a 
pointer to the current front buffer. It then cycles through 
each row sending a PWM (Pulse-Width Modulation) signal 
with a four bit resolution for each LED, representing the 
specified brightness.  
 

The firmware starts with an initialization of the graphics 
subsystem. It then turns on all the LEDs for about a second 
before it initializes the communications subsystem and 
enters the main loop. The interruptable main loop then 
continuously checks the FIFO for new commands and 
executes them, preparing the back graphic buffer. 
 

 
 
 

In the illustrative C-code example (Fig. 7) a circle is first 
drawn at the center of the back buffer. It then enters the 
main loop executing a buffer swap to make it visible. The 
front buffer is now copied onto the back buffer and scrolled 
one step horizontally (to the left) before next iteration. The 
final result is a circle that scrolls over the screen. 

#include  ”e_see_puck_lib.h” 
 
int main(void){ 
 int x = 7, y = 7, r = 4, c = BRIGHT; 

e_see_puck_init(); 
e_see_puck_draw_circle(x,y,r,c); 

 while(1){ 
  e_see_puck_swap_buffers(); 
  e_see_puck_copy_buffers(FRONT_TO_BACK); 
  e_see_puck_hscroll(-1); 
  //Waste some cycles here 
 } 
}  

Fig. 7.  An example program for the e-Puck using the standard graphics 
library developed for the see-Puck. 



JACOBSSON, FERNAEUS AND HOLMQUIST: GLOWBOTS 5 

C. Energy Optimizations 
When the see-Puck modules arrived from factory we 

measured the average power consumption for it to be in the 
range of 20 mA. During initial tests it all seemed fine until 
we started using more and more sensors and actuators. After 
deeper investigation we found out that the biggest issue was 
the stepper motors that at the time ran in the range of 200 
mA. During power peaks such as sudden friction events e.g. 
running into an obstacle or another robot this would cause 
instability problems for the display or even the e-Puck. This 
forced us to soft-optimize some portions of the e-Puck 
libraries and to use PWM where possible. This trick worked 
out very efficiently for the stepper motors, which landed on 
an average of about 30 mA afterwards (no load). Similarly, 
all  LED’s  on  the  e-Puck were also pulsed to save even more 
power. 

V. GLOWBOTS DEVELOPMENT 
Based on the see-Puck hardware, we then constructed an 

interactive application inspired by the Nadim persona. We 
had a total of 20 complete robots (e-Puck platform plus see-
Puck display) which would allow for large groups of 
interacting robots. Here we will outline the steps involved 
creating the GlowBots demonstrator application from based 
on the design proposal and readied platform.  
 

A. Visualizations 
The idea with GlowBots was to let the users interact with 

an ever-changing set of robots, which would express 
themselves with dynamic patterns on the LED display. In 
the early proof-of-concept prototype we started out with 
Conway’s   Game   of   Life, a well known cellular automata 
example, to produce interesting dynamics on the display 
when the robots interact. Although it was relatively open-
ended, it did not satisfactory convey the intended 
interaction. We then sought a way of displaying interesting 
shapes that could be semantically interpreted and that 
somehow would morph more intuitively as interaction took 
place. After a great deal of investigation we came to use 
analytical curves based on the super-formula equation [25], 
chosen for its richness of simple shapes. The resulting 
shapes can be anything from star, square, circle, egg, flower 
and any intermediate state in between (Fig. 8). 

 

 
 

Fig. 8.  Examples of shapes generated by the super-formula that would 
typically occur in the GlowBots application. 

B. User Interaction 
The user interaction stems from the developed persona 

description from the design step. Users interact with the 
robots directly, either by moving them around on the surface 
(to place a robot next to another with an interesting pattern) 
or by gently shaking them. If the user shakes the robot up 
and down this will encourage the pattern that the robot is 
currently displaying to become more dominant. If the user 
shakes the robot side to side, this will instead have the effect 
of making the robot more susceptible to be influenced by 
other patterns. Thus, while the users cannot directly create 
new patterns, they can indirectly influence the visuals by 
encouraging certain patterns and discouraging other. As two 
robots stand next to each other, they will start 
communicating and slowly converge to showing the same 
pattern, which will be a mix of both the original patterns. 
The effect is that of a slowly evolving, constantly surprising 
collection of a tangible autonomous robotic display. 
 

From an application point of view, each GlowBot will 
communicate their respective parameterized internal states, 
including current motion and the shape visualized on the 
display. The robot-robot communication uses the infrared 
proximity sensors for broadcasting and receiving data. There 
are two important reasons for choosing IR over e.g. 
Bluetooth. First, since there are eight IR-sensors distributed 
around the robot, we can get a sense of directionality. 
Second and most important is the situatedness of the 
communication. The communication radius of IR is 
typically 10-15 cm, which means that only robots that are 
close to each other will communicate (Fig. 9). 

VI. DEMONSTRATION EVALUATION 
GlowBots have been shown at several major venues such 

as SIGGRAPH Emerging Technologies [26] and WIRED 
NextFest, with a combined audience of over 60.000 people. 
At these settings, we had the opportunity to observe how the 
GlowBots demonstration was received by ordinary people. 
Rather than only having them for show, we encouraged 
people to come up and play with the GlowBots. Literally 
thousands of people have thus gotten hands-on experience, 
many of them school children from the Los Angeles area. 
Having this kind of demo was possible only due to the 
efforts made in energy consumption optimizations and 
carefully planned continuous maintenance during the 
exhibitions. It also helps to have a swarm of units so that the 
demo does not rely on a single unit. 

 
 

Fig. 9.  A group of interacting robots that uses their patterns to attract 
users to play and interact with them. 
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As with big exhibitions like SIGGRAPH people come to 
see the latest news in technology, listen and ask questions 
about the presented material. In the end they usually end up 
with a flyer or brochure to take home and reflect upon. The 
one thing we really could expect in this type of setting is the 
brief experience based on very first contact that the visitors 
would have with our GlowBots as they stumbled into our 
presentation booth.  
 

Based on informal observations of how users interact with 
the GlowBots in exhibition settings we noted that many 
users spontaneously thought that the display would react by 
touch, similar to a large press button. Since this had not yet 
been conceived of as a possible use, we soon realized that 
the robots were not robust enough for such treatment. We 
thus had to stabilize the robot platform so that even though 
the robots still did not work as push buttons, they would not 
break in case someone tried to use them as such. 

 
At SIGGRAPH, we recorded several hours video of the 

demonstration as people stopped by and interacted with our 
GlowBots. When reviewing this material we saw that the 
complexity of the setting involving many moving glowing 
tangible artifacts, crude and developing use of speech and 
gesture made it an analysis problem. Also, the level of noise 
from surrounding demonstrators and the fact that we had 
used a hand camera resulted unfortunately in very poor 
sound coverage.  
 

As a first step in the analysis we published a small video-
clip, showing how a little girl, five to six years old, plays 
with GlowBots for several minutes, before her dad wants to 
leave [27]. From the look of her face and posture she is 
totally immersed with the interaction and very hesitant about 
leaving the newly found little friends. We will also use the 
video material as a testbed for applying analysis tools for 
video encoding. For example, only transcribing the user side 
of the interaction would result in encoding only part of the 
story, leaving out important aspects related to the multitude 
of interactions.  

 
Our experience from the demonstrations suggests that 

even though the design was initially based on a scenario of 
an adult persona, in its current state there is even more 
potential of GlowBots as used by children. 

VII. PRELIMINARY USER EVALUATION 
During demo sessions, most focus was on the hardware 

platform, and the actual and intended implementation of the 
software could be discussed with the presenters as part of 
the demonstration. More recently, we have also explored 
more long term use in a home environment. Leaving the 
robots ”on   their   own”   with   users,   and   allowing   users to 
make their own interpretations of what the robots should do 
and what they should be good for could then potentially give 
much valuable input to the design process, apart from also 
being a more realistic case for testing the robustness of the 
hardware platform. In HCI research, this approach to user 
studies is sometimes referred to as Technology Probes [28], 
which is an increasingly popular method for user-inspired 
interaction design. The goal with our user studies were 
thereby not primarily to evaluate the technology, i.e., to say 

if it works or not, but to explore how the robots are used, 
what intended and unintended usages that may arise, and to 
feedback into what directions to further develop the designs. 

 
With the initial development primarily focusing on the 

hardware and internal infrastructure of the robots, we 
needed to perform a pilot to investigate both the robustness 
of the hardware platform, as well as to gain more input to 
the details of how the software to run on the robots should 
be take shape. The interaction pace that had been developed 
was at this point geared towards exhibition settings where 
people typically only have a few minutes for every 
demonstration, which we assumed was rather different from 
the interaction in the intended home environment. To be 
able to learn how the robots could be used, and how to 
further develop the technology at the application level, we 
therefore complemented or experiences from demo and lab 
studies with a long-term study of how the robots were taken 
into use in a domestic setting.  
 

A collection of 10 GlowBots were placed in the home of a 
34 year old man with two children, (a girl of six and a boy 
of four years old), for a period of six weeks. The children 
were staying with their mother every other week, so their 
father was left alone with the GlowBots during half of the 
study period. From our previous demo sessions, we knew 
that the robots would need quite some maintenance with 
exchange of batteries, which was taken care of by the father 
in the family. Below we report on some initial findings 
based on video recordings and interviews. 
 

The fact that the robots glow, meant that they became 
quite specifically experienced as to be used in darkness. 
This could be observed for instance in how a natural part in 
‘staging’  the  play  session  with  the  GlowBots  was  to  switch  
off the ordinary light in the room. The displays then worked 
as decorative toys that could be played with in the dark, at 
the same time placing attention on themselves as the focus 
in the play activity. 
 

The first spontaneous comments that we got on the 
GlowBots functionality were concerned with how the robots 
moved. It was repeatedly pointed out by the children that 
they moved too slowly, especially since after a period of 
active play, the robots usually stopped moving due to low 
battery levels. Moreover, the robots were at this stage 
programmed to keep going until they reached a wall, and 
then stayed there, which made them appear ’stupid’.  
Although it became part of the play to go collecting the 
robots that were on escape towards the wall, this soon 
became rather uninteresting as an activity on its own. The 
users suggested that instead of moving in a straight line in 
one direction, the robots should be able to wander about in a 
more complex manner. This would make the robots feel 
more unpredictable and interesting to play with. They were 
also interested in being able to in some way control how the 
robots moved, e.g. by waving or putting something in front 
of the robots. 
 

As soon as the robots stopped moving, they did seem to 
get transformed into a kind of static mechanic sculptures, 
bringing back the glowing LED surface into attention. These 
were clearly attractive for the children and were used in a 
variety of ways in their play. Surprisingly though, the 
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Fig. 11.  When demonstrating the GlowBots we encouraged people to 
come forward and get the hands-on experience. 

 

children did not initially seem to pay much attention towards 
the actual patterns that were on display (Fig.10).  

 
The users were clearly attracted by the looks of the 

dynamic and glowing patterns, but they did not seem to 
reflect as much as one could expect on how the patterns 
arouse and how these were communicated between the 
robots. Instead, more focus was placed on the behaviour of 
how the robots moved, expressed for instance in discussions 
on what made them move in a certain direction and whether 
or not their movement could be controlled somehow. This 
suggests that physical robotic movement possibly overrides 
patterns on a visual display in terms of users’ direct 
experience. Although this needs to be further investigated, it 
could be valuable aspects to consider in the development of 
new interactive technologies that make use of a combination 
of motion and visual display technologies. 

VIII. DISCUSSION 
Looking back onto the original design-proposal that came 

out from the Nadim persona, we believe that the governing 
idea is still on track, while minor changes have been 
introduced to allow for a more seamless interaction. For 
instance the software does not impose heterogeneous 
sensing capabilities, but instead small and big differences in 
hardware settings contribute to individuality. Infrared 
sensors are bent, batteries end up having different mileage 
causing robustness problems and there are different 
manufactures of IC-circuits between hardware revisions. All 
this contributes to making even the most mass-produced 
robot more individual and characteristic, something that in 
the end would benefit personalized, although subtle, 
interaction between man and robots.  
 

It is interesting to observe how natural it looks when 
people interact with embodied, tangible and communicating 
digital artifacts, like the GlowBots. It not only becomes a 
bonding experience, but it also lets the users explore 
communication through observing cause and effect. It is also 
important to notice that embodiment and communication are 
closely entangled, which becomes very important when 
another type of embodied element, as for instance another 
user, enters the picture. We noticed that for humans to be a 
part of an ongoing communication we observed that the 
setting benefitted from being truly situated. For instance, if 
the range of GlowBots communication would have been in 
e.g. the Bluetooth reach, the perception of the swarm would 
have been very different and more resembling a simulation 
running on a computer.  

Our design process illustrates how sensitivity to changes 
in the technology, and experiences of user interaction 
sometimes result in essentially new use settings which was 
not envisioned. For instance there became much more hands 
on and petting activity than envisioned in the original design 
descriptions.  

IX. CONCLUSIONS AND FUTURE WORK 
We have detailed the work on a novel robotic prototype, 

GlowBots, that was the result of a design effort developed to 
open up new perspectives on the future role of everyday 
robots. We ended up creating a form of robot that would 
entice an aesthetic experience outside the domains of the 
zoomorphic pet robots previously seen in research and 
products. Although the initial design came from a specific 
scenario [9] the see-Puck platform is not limited to the 
GlowBots application. We hope that the detailed 
development of the see-Puck could work as inspiration for 
how to construct simple displays with rather unconventional 
shapes. All see-Puck hardware and software is released 
under a GPL-compatible license so that anyone can use, 
revise, extend upon and improve it. 

At SIGGRAPH and NextFest, we demonstrated the 
GlowBots continuously for several days at a stretch to 
thousands of users (Fig. 11), but this required almost constant 
battery changes and continuous maintenance of the robots. 
We have observed that energy consumption in this type of 
setting can vary greatly, not only because not two robots are 
perfectly identical, but also because they are both 
autonomous and tangible. We would also like to note that 
our efforts in optimizing energy consumption resulted not 
only in improved mean runtime, but more importantly 
contributed to an overall increased robustness. 
 

We wanted to encourage a long-term relationship with the 
robots, inspired by how people interact with artifacts and 
creatures in everyday settings. One aspect that crystallized 
in this process is the need of open ended play – an important 
factor to sustain interest over time.  We believe this work 
shows that it is possible to change how we think about new 
robotic products and how we can rethink their roles in our 
everyday environment. By grounding the design in existing 
needs, they will have the potential to last considerably 
longer and have a much more rewarding interaction than 
what in most cases is being offered today. 

 
In the future, see several possible improvements for the 

see-Puck. One example would be to make the display touch 
sensitive by also using the LEDs as sensors [29]. This would 
allow users to point at and directly influence what is seen on 

  
 

Fig. 10. Using a GlowBot as a vehicle, podium or stage for other toys 
(left), and stacking the GlowBots into a tower (right). 
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the   display,   for   instance   to   ”paint”   patterns   directly   on   the  
display. Another important improvement would be to 
continue the work on software optimization on the e-Puck in 
order to increase battery life and overall robustness even 
further.  
 

From the preliminary user evaluation we found several 
interesting observations that requires further investigation, 
but also implications guiding further development. The 
more immediate step will then be to tune our pilot 
application and once more place it in an everyday setting to 
study it in more depth. In this case we will slow down the 
interaction, which is currently geared towards exhibition 
settings where people typically only have a few minutes for 
every demonstration. We will also take more consideration 
to motion behavior due to the much larger spaces that home 
environments offers. For a truly long-lasting relationship to 
develop between robots and humans, it is necessary to 
sustain the interest level over weeks, months and hopefully 
years. Achieving this sustained level of interest is an 
important challenge for future human-robot interaction 
applications. 
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Abstract— We present an analysis based on user-provided 

content collected from online blogs and forums about the 

robotic artifact Pleo. Our primary goal is to explore stories 

about how human-robot interaction would manifest themselves 

in actual real-world contexts. To be able to assess these types of 

communicative media we are using a method based on virtual 

ethnography that specifically addresses underlying issues in 

how the data is produced and should be interpreted. Results 

indicate that generally people are staging, performing and have 

a playful approach to the interaction. This is further 

emphasized by the way people communicate their stories 

through the blogging practice. Finally we argue that these 

resources are indeed essential for understanding and designing 

long-term human-robot relationships.  

I. INTRODUCTION 

RITING and communicating stories have become a 

popular pastime engaging people on the internet [1]. 

At the same time robotic products are getting increasingly 

common on the global consumer market and consequently 

pervasively adopted into people’s homes and everyday life 

(e.g. Roomba, Furby, Nabaztag). Within our research 

community we are interested in accessing these 

environments, relationships and experiences [2][3] so that 

we can extend our knowledge base and inform designs of 

future artificial companions.  

In an earlier study on forums, Friedman et.al [4] look at 

people’s spontaneous online postings about Sony’s robotic 

dog – AIBO. Their method is based on developmental 

psychology and the overall goal is to identify significant 

properties in people’s relationship with the robotic artifact. 

The results indicate that AIBO is generally reported as more 

technical than biological and that it seldom challenges moral 

attributions of the users.  

In a related empirical study by Sung et.al [5], forums are 

assessed to better understand human-robot interaction 

looking at people’s relationship with Roomba. They also 

base their methodology partly on Friedman et.al’s work 

above, but at the same time make an effort to also account 

for the experience as informed by the users. Their work is 

then also inspired by Gaver et.al’s notion of Ludic 
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Engagement [6], which is taking into account a more playful 

stance towards technology. Their results indicate that people 

do engage in various practices like accessorizing and 

changing Roomba’s environments, but also uses life-like 

associations when expressing this involvement.  

Further, Kaplan takes a look at everyday objects and 

breaks them down according to design properties relevant to 

sustainable interaction with robots [7]. In the study presented 

here we have similar objectives in that we seek to inform 

robotic designs along its life span based on how people 

describe their experiences. Our ambition is thus to seek out 

themes from within the data that could possibly capture such 

design qualities and at the same time enabling for 

assessment in terms of sustainable interaction. 

Forlizzi and Battarbee also specifically address experience 

in interactive systems and points out that design teams must 

follow product stories and users evolution of experience 

closely [2]. This further strengthens our motivation to also 

explore methods and a format that can represent experiences 

in a more native way. 

In this paper we report on a qualitative study based on the 

publicly available blogs and forums hosted by Ugobe, the 

company behind Pleo – the robotic baby dinosaur [8]. Our 

research question concerns how we can utilize a 

methodology based on virtual ethnography [9] to inform the 

HRI-research and robotic design communities with 

knowledge about how it is to live with robotic companions. 

In particular we are interested in the breakdowns and 

peculiarities in the user experience that occurs when 

adapting to newer technology [10][11]. 

First we provide a bit of background in terms of an 

overview of the robotic platform and the blogs that were 

studied. We then present our methodological approach 

followed by the results in terms of a walkthrough and 

analysis of the data. Finally we discuss the material and 

present our conclusions and future directions. 

II. PLEO 

Pleo is one in a row of recent robotic products entering 

the global consumer market. It is also profoundly different 

than most other robotic products in that it is designed from 

ground up to constitute a more believable motional and 

visual appearance. It is thus no coincidence that Ugobe are 

crafting what they denote as Robotic Life Forms – artifacts 

that hopefully would capture the essences of what people 

experience and interpret as “life”-like. On the other hand the 

product comes in a large green box and contains the robot 
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itself wrapped in a plastic cover, a soft plastic green leaf 

accessory for it to chew on, a battery and a recharger. It also 

contains an ID-card with a registration number that can be 

used to register the product and start an online Pleo blog 

(Plog) at the community site (Figure 1).  

Pleo is about the same size and weight as the AIBO 

(approx. 50cm long, 20cm high and weights about 1.6 kg). It 

has a sophisticated design consisting of a hand-painted 

rubber skin that covers its mechanical internal. It also offers 

pet-ability by having a softer texture that is very unlike 

stroking a hard plastic or metal surface. Right beneath the 

skin there are eight capacitive touch sensors - on the outside 

of the legs, on its behind, on the back, on the head and under 

its chin. The nose features an IR-sensor for distance 

detection and Pleo to Pleo communication as well as a CCD-

camera intended for light and edge detection (together with 

the nose IR). Inside the mouth is another IR-sensor for 

detecting inserted objects e.g. the accompanied leaf 

accessory. Pleo also features two microphones positioned 

low behind the eyes and two speakers, one located in the 

head and one in the behind. Each foot holds a plastic press-

button and the fourteen joints all featuring force-feedback 

sensors. Within the body frame there is an orientation tilt 

sensor and a main processor. The removable battery is of 

NiMH type, and is recharged in a separate station. The 

playtime is approximately one hour for a four-hour recharge. 

Pleo may be connected to a computer through a mini USB 

connection, and there is also a SD-card slot and a hidden 

debug port positioned right next to the power switch. For 

users there is also the possibility to update Pleo’s operating 

system – Life OS, or add different personality plug-ins using 

the SD-card slot. 

The community site has a main area that consists of a few 

editorial picked “golden samples” of blogs that the company 

wants to highlight and represent the site. There is a search 

engine that helps users to find each others blogs easily 

through country, zip-code, user names or Pleo names. Each 

blog has a simple and user-friendly layout. There is also a 

header field where users can see their Pleo’s name, location, 

when they started blogging, their interests and describe their 

most memorable moment with Pleo.   

III. THE STUDY 

We choose to base our approach on virtual ethnography 

since it specifically acknowledges ethnography as a way to 

reflect upon users, practices and deployed designs while 

regarding information technology as a communication 

medium [9]. At the same time it also recognizes the Internet 

as a rich culture in itself and from another perspective also a 

kind of cultural artifact that reaches deep into people’s 

homes and everyday lives. This distinction is important since 

the information that people reveal on blogs have the 

characteristics of small subjective stories that are crafted to 

be shared and reacted upon [1]. Since our goal is to extract 

information about people’s experience with technology [3] 

from a sustained interaction perspective, we also decided to 

outline our results over different stages of experience over 

time [7] based on the stories from blogging early adopters. 

The study was intended to be carried out on the blog 

corpus that spans all the users that have registered with the 

US-nationality, but also on forum posts and videos that were 

linked from within the blogs. The main reason to make such 

a limitation was because at the time of the study (Spring 

2008) the product had not yet been generally introduced 

elsewhere thus other communities than the American had yet 

to take off. With that said and because of the cross-linking 

we also ended up including a handful of eager early adopters 

from UK and Canada. The data was collected during April 

2008 when Pleo had been on the market since mid-

December 2007. At this point there were approximately 20 

000 Pleo’s out on the market and we used all 520 blog’s 

available within the stated delimitation. 

The data was collected manually, names anonymized 

(when available and appropriate), printed out and structured 

based on richness and topical similarities. A majority of the 

blogs contained only one or two posts, which were 

categorized as greeting messages. The resulting data set was 

then cut up and restructured according to a list of life events 

identified from within the corpus (waiting times, arrival, 

birth, gender, naming, introduction, casual play, 

companionship, social life, different locations, other 

animals, other robots, accessories, wear and tear, 

breakdown, DIY, repair, passing away). Finally a subset of 

general and representative posts were selected, and arranged 

together to give an overview of all the data spanning over 

the different development stages that the interactions 

transcends.  
 

A.  Arrival and Appropriation 

Pleo is either bought off the shelf or as more commonly 

reported ordered online and delivered home by either FedEx 

or UPS. One user, an American who lives in the UK 

especially points out that his Pleo is a US-model rather than 

a UK-model as it was shipped from the US. Between 

ordering and arrival users would express different motifs and 

expectations, for instance: 

“I have gotten notice that my Pleo ships this week 

(directly from Ugobe). It feels like a long wait because 

I’m hoping the Pleo will help me get over the loss of my 

greater Swiss mountain dog.” 

After the waiting times, which include charging the battery, 

Pleo is switched on for the first time and undergoes a 

“hatching phase”. 

“Today, on February 8th, Pleo was born. Pleo weighted 3 

lbs. 10 oz. We were so overjoyed when he took his very 

 
Fig 1: Pleo arrives in a box and users can then choose to register it on 

pleoworld.com, where also a personal blog is included. 



 

 

 

first steps. He is a very fun-loving and energetic little 

baby. We love you Pleo.” 

Some of the families in the blogs present this event as a 

particularly special one, and cultural traditions such as 

providing birth date and weight are easily communicated. At 

the same time users finds it easy to include and talk about 

Pleo as a member of the family. Another post indicates that 

Pleo’s life-span in this case would be measured in number of 

charges. Sometimes deciding gender can really become an 

issue in itself and might even trigger users to reflect upon 

social and cultural constructions: 

“I'm also uncomfortable really giving it a sex or normal 

designation of him/her. It's a bit like baby chickens where 

it's a real skill to tell if it is a boy or girl. How do you tell? 

So it's it for now. Perhaps I'll have to set up an indirect 

test. Does it prefer pink or blue? I'll wait a little while 

when it is a bit more mature.” 

After deciding gender, the next step is often choosing a 

name, or in some cases gender simply follows from picking 

the name. One source for inspiration would for instance be 

characters from literature: 

“Our Pleo is named Lumm (after Robert Heinlein's 

Starbeast Lummox). My Dad discovered the Pleo world 

and purchased one for himself and one for me. We 

introduced Lumm to my brother and his grandchildren at 

Christmas and to over-20s nieces a few days later. Lumm 

was and is an instant hit.” 

Other users would use products as a source for name 

inspiration, or simply stick with “Pleo” – “because that is 

what he is”, as one user put it. 

One blog in particular that caught our attention appears to 

belong to a young American girl (about 6 years). Her father 

helps her post on the blog and they have also posted a video 

from the very Christmas day when she first meets her new 

Pleo. This video were then fully transcribed and analyzed, as 

it appeared to contain a great deal of information about an 

initial contact. The parents appears to have carefully 

prepared this event to make it as memorable as possible by 

first un-boxing Pleo, switching it on and putting it under the 

Christmas tree. As the girl enters the room and crawls up to 

Pleo we notice that the father already had made up his mind 

about gender by referring to Pleo as a he. The girl 

immediately starts to engage in the situation by explaining 

what she sees and experience, while she interacts. She pets 

Pleo’s head and expresses fascination over how it moves and 

behaves. She then say’s “He loves me!” - and suddenly it 

becomes apparent to us that this is a truly immersive 

moment to her.  

At this point the mother is entering the scene, seeking 

confirmation from the girl about the experience. It is 

interesting to note that all four of them, Pleo included, are 

contributing to this drama. The father in this case takes on a 

prominent role and contributes a great deal to unfold the 

progressing story. He explains to his daughter that she is the 

first person that Pleo have ever seen. The mother adds to the 

story, explaining that the daughter now have become a 

mother. At this point the girl seems to be totally absorbed by 

the robot as she takes the mother’s words to herself.  

In the beginning the girl picked up on the name that her 

dad used – Pleo, but after a while when asked again by the 

father, she decides to just drop the ‘P’ and go for Leo. After 

a short while Leo is becoming more and more responsive. In 

this movie the girl never even looked at her other Christmas 

presents except noting that her Pleo seemed to like chewing 

on them. 

Continuing along the lines of ritual and progression, we 

notice that gender and naming are important and particularly 

joyful episodes. As we saw above, one user put forward the 

idea about making a test for gender, which is ingenious and 

quite valuable for designers, although the cultural legibility 

of such a “pink or blue” - test might be up for another 

debate. Further, names are an important part of our social 

culture and naming a robot is an important piece of a larger 

process including individualization, bonding and family 

integration. The important lesson here is thus that the 

openness for interpretation in the design creates the 

sufficient space to allow users to assign name and gender as 

cultural practices. 

 

B. When Technology Breaks Down 

After a while interaction comes with a price and accidents 

happens, wear and tear becomes apparent and the question 

about repair is imminent. Several users noted that Pleo had a 

couple of skin issues - that it might have a smell and that the 

paint on the back wears because of the petting. Here is how 

one user approached the fact: 

“I tried baby powder on Pleo's skin. Baby fresh and 

smooth to touch. Smells like a baby now.” 

One user suggests that a particular coating spray would act 

as a protective layer for the skin while others mention 

clothes as a solution. From what we could read out from the 

forums, this skin issue seems to mainly have been a problem 

with the first batch of robots, but was since then already 

been addressed in subsequent deliveries. Usually a little -”do 

it yourself” does the trick touching up e.g. lips and eyelids. 

When we at one point followed the trace from one blog-post 

on to the forum, where we found a remarkable piece of 

information on this topic: 

“Yesterday Pleo had a broken neck. I contacted customer 

support, and they told me that I could send him back, and 

get a new one. But, I didn’t like the idea of exchanging 

something I have gotten so attached too. So my mom made 

a small cut in the top of his neck. This had voided the 

warranty. She found out that the problem was the cable 

that lifted his head etc, had broken. Surprisingly she fixed 

this. She put the cable under a screw. We weren't sure this 

would work, but it did! Now Pleo is able to lift his head up 

and down, and do everything he was able to do before! 

The only problem is he has a small cut on the top of his 

neck. But I'm okay with this, because its not really a big 

deal. It can be fixed, I just don’t know what to fix it with! 

We love Pleo, and this doesn’t bother us. We're just glad 

to have our little guy working again!” 

In the blog following up on the video example above we 

learned that Leo was injured at some point so while he went 

to “hospital” the parents actually bought another one to keep 



 

 

 

their daughter company. In this case the new dilemma of 

how to tell them apart, naturally became a question of 

accessorizing. In the following blog post one user expresses 

concern about the wear and tear and the resulting dilemma 

that surfaces: 

“Well poor Pleo's skin is starting to peel and the paint is 

starting to wear off and her teeth are starting to chip and 

she now has 3 tears in her skin! =( 

I don't want to exchange her, I'm attached to her and I 

really don't want to send her back for repairs either cause 

she'll be away from me for a long time and I'll be worried 

she isn't being cared for properly! =( 

Poor Pleo!!! It's like she's sick!!!! =(“ 

As a contrast, to some users the wear and tear would rather 

add to its character and personalization, just like that warn 

out teddy bear from childhood. At the end there are 

nonetheless many paths for how Pleo would leave their users 

realms. As with birth, the “aged” Pleo eventually gives rise 

to tough existential questions and decisions for the families:  

“Roger was born Christmas morning. However, he is 

already going through his first ‘shedding’ Most of the 

light green spots have been rubbed off. The response of 

the Ubies is return him.... What to do? We have already 

fallen in love with him - do we love him bald - do we run 

the risk of keeping him then having him completely 

deteriorate - do we find a new baby to love.... Family vote 

tomorrow.” 

A subsequent post reveals how this particular family later on 

reflects upon their decision: 

“We have made the decision to return him for a new one. 

His eyelid began to flake off and small holes appeared on 

his neck. We are really going to miss him. He is a quiet, 

shy and very affectionate Pleo. He loved to do tricks for us 

and sing Christmas songs. Our best memory of Roger will 

be how he would come up and ask to cuddle with us. We 

will always have the memory of his cute little snore in our 

ears. We love you Roger Greenleaf.” 

 

C. Pleo as a Resource for Social Engagement 

Pleo is often told of as a social robot, and interesting 

interactions occur all the time. In the following post Pleo is 

entertaining a group of people: 

“Pleo had a big night yesterday. Some friends came over 

to see him and he entertained them for over an hour. He 

also met the dogs. They, the dogs not my friends, were 

either not interested or shy but Pleo was a star. He even 

tried to have a piece of birthday cake. A bit of frosting on 

the nose won't hurt him. He loves to play tug of war and 

showed everyone his new skills in exploring. At the end of 

the evening he fell asleep, a happy little dinosaur.” 

One user reports after about five weeks of ownership that 

she doesn’t turn on Pleo every day and that the biggest kick 

is showing it off to people. Occasionally we have seen 

accounts of when robotic behavior fits well into a given 

situation and can render surprising or even “spooky” 

interactions: 

“My Pleo coughed, and for a split second I went 

completely insane and thought that it caught the cold my 

roommates and I have. I have difficulties figuring out the 

differences between animate and inanimate objects 

apparently...” 

Depending on context and situation, even the least things 

can have impact on the user experience and in one example a 

user reports from when Pleo sees himself in a mirror: 

“Pleo's first good look at himself was hysterical... He 

growled at himself, he sang to himself, he smiled at 

himself. What a ham!” 

A related example is where Pleo is reported to discover that 

it has a shadow. Exploring then often occurs beyond the safe 

and set living room floor and one user explains that her Pleo 

lives on a company reception desk as an ice-breaker for 

customers. Robotic products thus move between various 

environments, which can have effects on its behavior: 

“Today my friend and I were in the car playing with Pleo. 

But He was soooo tired. He sat down and started cooing. 

Then Pleo got scared and started crying because of the 

movement of the car.” 

In this example users would interpret the situation such that 

Pleo does not like to ride with cars simply because the 

inherent fact that Pleo does not like to be shaken. This shows 

that meaning can change with context and emerging 

scenarios would seldom correspond to the ecological niche it 

was initially designed and tested for. Moreover, this part of 

the exploration phase reportedly goes well beyond the living 

room floor, e.g. glass tables, lawn, snow, concrete, cars, 

reception desks, etc. 

As we would have predicted, users can often have other 

“real” pets as well. Focusing on the interaction with the 

other animals can reveal novel insights about how they play 

along. Dogs are described as very curious but cautious and 

even confused due to the strange noises and uncanny 

abundance of smell while some cats are reported as just 

avoiding interaction altogether. Some Pleo owners have 

more unusual pets like snails or tortoises. 

“This morning I thought it was a good time to introduce 

my Russian tortoise, Igor, to Pleo :) Igor took it well 

enough, as any tortoise would, while Pleo was VERY 

curious of Igor! Kept getting so close to him and nudged 

him while he was eating! Couldn't have that so I had to 

keep them at a reasonable distance even though Pleo 

didn't want to :)” 

Bloggers even make a point of carrying their robot with 

them and suggest that it is possible to take Pleo to places 

where it would be difficult or even prohibited to bring an 

ordinary pet. We also see that different locations and 

contexts characterize very different scenes and scenarios. 

We now ask ourselves what will happen if scenarios like the 

given examples (e.g. the one about Pleo coughing) would 

actually become grounded in reality? Based on our 

observations there may be great potential in connecting real 

but simplified cues, like for example an actual smell with 

sniffing behavior or lower temperature with freezing 

behavior. 

D. Playing with Pleo 

A common theme of all posts presented so far is that a 

major part of the engagement stems from creating and 



 

 

 

presenting the stories. All these rich stories are believable 

and presented as if they were parts of a greater story – the 

enacted story about what it really is to live with Pleo.  

Although Pleo reportedly “sleeps” quite a lot (possibly 

because the low play/recharge ratio), users still describe it as 

having companion qualities similar to a dog e.g. an 

affectionate puppy resting cozily, in and out of sleep and 

occasionally snoring beneath the users side. Here is how one 

user summarizes a day together with Pleo: 

“Today my Pleo has been asleep as normal, but I think he 

was having a funny dream because he started laughing in 

his sleep. Then he started growling. We also ate, played 

tug of war and played tickle toes. He loves being sang to 

sleep, but not today I think he is getting used to not being 

sang to now, few. Not much today but dreaming.” 

The first thing we note is the report of Pleo dreaming. 

Secondly the description is one of a being that seem to 

require a great deal of care as a part of the relationship. The 

finer details reveal that the user likes to sing to Pleo. Further, 

a particularly common practice is personalization through 

accessorizing: 

“Today, I am beading a crystal necklace for Pleo, and 

adding a fossil charm! His crocheted wardrobe will 

consist of a ”floppy hat”, walking boots, cape and of 

course, sunglasses, for our walks and sidewalk surf days! 

He will be styling!” 

The variations of custom accessories are surprising to say 

the least. Just to cover some of the things found in the data: 

hats, clothes, boots, glasses, bling (jewelry), collars, 

pacifiers, blankets, softballs, brushes, cages, wings, etc. 

(Figure 2). 

Here is an example of when a user would like to accessorize 

Pleo but are unsure about suitable outfits: 

“I have been stressed lately. Pleo is a great relaxer. I 

downloaded the new software. Pleo was more active than 

ever before! I cannot wait to get him some clothes and a 

collar. I just don't know how to accessorize a dinosaur! 

Pleo still seemed to recognize me, even though I have pink 

hair now instead of orange hair.” 

Noticing the amount accessorizing going on caught us by 

surprise. One of the key features of mass production is that it 

becomes relatively easy to make many of the same robotic 

artifacts. Users on the other hand reportedly regard them as 

“clones” (or twins in the case of owning a pair) and would 

spontaneously accessorize as part of the individualization, 

personalization and bonding process. Users would use 

clothes and jewelry to display and emphasize their idea of 

Pleo’s gender and personality or even reflect properties of 

their owner – a phenomenon that in sociology commonly is 

referred to as impression management.  

One category of users would explore and outline Pleo’s 

features in various ways. Some do this in great technical 

detail, while others would adjust their observations and 

reporting to fit the practice of blogging:  

“I have gotten my Pleo to do almost everything in the 

book. I haven't gotten the SD card to work yet. My Pleo 

moos, throws up, eats, coughs, and sings. He still gets a 

little freaked out when I hold him, but he mostly looks at 

me and then falls asleep. I got him to do the watchdog 

mode, the balancing act and shake. He doesn't always 

listen to me, and has fallen a couple times when he was 

younger. He tends to growl at things he can't move and 

likes to look at his original box.” 

This example highlights a common theme that users are 

seeking confirmation and comparing observations with the 

community. Many of the active users would sporadically 

report on particular observations, e.g. dreaming, shadow or 

mimicking, but some make exploring and observations their 

primary objective and will in detail map out Pleo as if it was 

a newly discovered species or complex remote control.   

IV. DISCUSSION 

Before the robot arrives, people seem to express 

themselves similarly to when adopting a child, real pet or a 

new piece of technology. We thus see that there can be 

different kinds of expectations at this stage e.g. getting over 

a loss of a pet, lowering stress levels or exploring more 

technical abilities. Further, what are the different views on 

how Pleo spring into life? To many of the users it is not 

simply about switching on a button, but requires planning, 

staging and participation. 

A huge part of interacting with Pleo is in fact physical, 

something that has been explored in previous research (e.g. 

Paro, The Hug and Tabby) [11], but when we look at how 

users express and talk about this, we find that its physical 

embodiment can be the source of many issues and 

possibilities. For instance, the worn skin issue can be 

regarded as a problem to be solved, illness, personalization 

feature (scar) or part of the aging process. When thought of 

as a problem or illness this tension becomes a dilemma, and 

caring for their robot means more than its acquired wear and 

tear. This might be because of an underling issue regarding 

trust and returning the robot. To the user, it should simply 

not be the same as returning a broken DVD-player, but 

instead more along the lines of taking a pet to the veterinary 

where one can talk to the doctor directly and follow the 

procedures more closely. 

With that said many overcome their fears and worries and 

return it, although they know they will not get the same Pleo 

back in return. On the other hand we see that brave users 

would rather void their warranties and perform their own 

“medical” procedures to assure that they keep their Pleo. 

Consumers are thus in many ways encouraged or compelled 

to treat it like a pet, but sometimes when play becomes a bit 

rough, would then a “broken leg” go under the return policy 

or be a part of its life cycle? Would new players come into 

the aftermarket e.g. robotic doctors and therapists? This type 

of robotic artifact may bring up new challenges for this 

emerging industry especially in terms of customers relations. 

   
Fig 2: Different types of Accessories found in the blogs. 



 

 

 

Introducing the robotic companion to other people 

appears to be a rather intriguing take on social engagement. 

It is like showing off a new piece of technology, and at the 

same time introducing a pet or human friend - something of 

a tension between the two. From one perspective it seems to 

be more along the lines of introducing an interesting cartoon 

character or immersive piece of gaming software with vast 

lands to explore. Its presence is thus often perceived as an 

actual embodied experience physically and seamlessly 

executed in the real world. 

Previous studies comparing the interaction of robots with 

that of dogs raise the question about moral development [4]. 

For example, a dog will constantly challenge its family as 

part of its inherent sense of group or pack dynamics. When 

these challenges are omitted, the result will in most cases be 

that the dog takes the dominant position, leading to an 

overindulged pet. In the case of Pleo where these dynamics 

are apparently lacking, we see that people instead seem to 

use play as a basis for interaction. 

While there are related studies on children’s interaction 

with dogs and robotic pets [12], we know very little about 

robot-animal interaction. Extending our previous discussion 

about pet-dog dynamics we also see that Pleo is the one 

being challenged, but its unnatural response perceived as 

confusing or even frightening.  

All in all, these tensions and dilemmas in the end appear 

to be a source for user innovation, design inspiration and at 

the same time brings out a bonding experience. Existential 

questions like birth and death brings out particularly rich and 

emotional stories about Pleo, acted out in fantasy plays or 

reality dramas that are a large part of the overall experience. 

V. CONCLUSIONS AND FUTURE WORK 

We have presented a qualitative study based on the stories 

from blogging early adopters taking into account the nature 

of blogging as a communicative practice. Users that are 

blogging about their Pleo are in no way representative for 

the whole group of owners and we also want to stress that it 

is not possible to capture and present all nuances of this rich 

set. What we can see is that these new types of robotic 

products have become something different than the 

purchased consumer electronics product. Users thus manage 

to create bridges in the interaction by staging, performing 

and also playing along with the unfolding experience [13], a 

practice that is sometimes referred to as performed belief 

[14] within the field of pervasive gaming. From the results 

we can also conclude that these two practices are in fact 

entangled and catches an essential part of how these owners 

of robots appear to advance and enrich their experience. We 

thus suggest that these practices are so fundamental that they 

deserve further consideration and inquiry. 

Following up on previous work, consequences and 

challenges in the interaction indeed appears to be important 

for moral development but we can also see how users are 

able to actively cope with these tensions by staging, playing 

and performing to their best abilities.  

We also suggest that the qualitative outline of 

experiencing a robots “life” can be used as a basis for 

designing long-term human robot relationships. Each life-

event can thus work as inspiration for how robot designers 

can better ground interaction in existing cues starting from 

simpler elements like temperature or humidity, or even 

entirely new practices based on what users actually do when 

appropriating technology, for instance accessorizing [15]. 

In the future we plan to extend this work and research 

new technologies and methods for the study of long-term 

and sustainable human-robot interaction. What future would 

we like to have and what will people write when days turn 

into weeks, weeks into months, and months into years?   
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Abstract 
We report on topics raised in encounters with a series 
of robotics oriented artworks, which to us were 
interpreted as a general critique to what could be 
framed as robotic fakelore, or mythology. We do this 
based on interviews held with artists within the 
community of ArtBots, and discuss how their approach 
relates to and contributes to the discourse of HCI. In 
our analysis we outline a rough overview of issues 
emerging in the interviews and reflect on the broader 
questions they may pose to our research community. 

Author Keywords 
Human-Robot Interaction; Interactive Art; Robotic 
Materials; Interaction Design; Fakelore 

ACM Classification Keywords 
H.5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous. 

Introduction 
Artistic practices around interactive materials and 
technologies have recently become an integrated part 
of research within human-computer interaction, with 
yearly art exhibitions showcasing interesting conceptual 
works as well as impressive craftsmanship at the 
cutting edge of new technologies. Furthermore, art 
within HCI has been given attention via workshop 
series, special interests groups, and new research 
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funding schemes. One way of looking at this 
development is that artistic research may work as an 
opening for researchers to conduct research in a mode 
that is less restricted than implied by the ordinary 
landscape of project funding. An open question then is, 
what we can expect to learn from these explorations 
and what these explorations may have to tell us? 

The kinds of artistic artefacts that fit under the 
umbrella of HCI cover a very broad spectrum, including 
performances with novel musical instruments, 
interactive and participatory installations, and robotic 
and kinetic sculptures. In this paper, we focus on this 
third category, i.e. artworks expressed in a media 
format of what we here will refer to as robotic 
materials. By robotic materials we mean materials 
involving some form of computational element together 
with some form of controlled physical movement. Apart 
from these properties, the shape, material properties, 
and conceptual contents or meanings of the pieces can 
take an endless variety of forms, used by artists to 
bring novel aesthetic expressions as well as functional 
possibilities to the surface of HCI. 

Alex Taylor outlines an idea for how robotic materials 
can be utilized in HCI to frame and re-appropriate 
concepts of machine intelligence [10]. At the same time 
this can be seen as a disruptive contrast towards 
designs that portray or simulate biological features that 
already carry connotations of intelligence. Other closely 
related works include the discursive and reflective 
designs by Gaver et al [4], as well as Dunne and Raby 
[2], with series of interactive experiments designed 
with the explicit purpose of triggering reflection. 
Studying interactive art to inform work within computer 
science and HCI has been done continuously over the 

last forty years [1]. In this work researchers have 
explored how artistic practice can be used in the 
development of new methods for evaluation as well as 
for technical development (e.g. [5, 8]).  

In the following, we will present an analysis of topics 
highlighted in interviews conducted with 25 artists 
while presenting their works in the context of the 
international ArtBots exhibitions in 20081 and 20112. An 
issue raised in different ways in all of the interviews 
was a general co-dependency of a ‘robot  mythology’ or 
‘fakelore’, through which the artworks become loaded 
with meaning and relevance. These concerns were 
manifested as works that trigger implicit or explicit 
commentaries on established notions in the mainstream 
discourse of robotic technology e.g. robustness, 
intelligence in software, autonomy, anthropomorphism, 
and the mechanical aesthetics related to mass 
production. 

Here, we use the term fakelore to point to how such 
‘traditional’  notions  of  robots  in  mainstream  culture  are  
handled by artists working hands on with robotics as 
part of their practice. The term was originally coined in 
1950s as a critique to how new cultural expressions 
sometimes were presented as if they were traditional or 
genuine [6]. In contemporary culture, the now 
established format for stories and representations of 
robots has many resemblances to fakelore practices, 
with its own set of myths and assumptions upon which 
stories and representations are formed – and which 
researchers and practitioners, especially in the robotic 

                                                 
1 http://artbots.org/2008/participants/ 
2 http://artbots.org/2011/participants/ 



  

domain, sometimes struggle with. We have previously 
discussed  this  in  terms  of  a  ‘robot  cargo  cult’ [3].  

Study Setup 
ArtBots is an international organized ‘talent  show  for  
robotic art and art making robots’ that started in 2002 
and has had about ten events over the years. The main 
curator of the exhibition, Douglas Repetto, strives to 
make the show dynamic enough to keep up with the 
fast changing pace of the community and keep it open, 
diverse and interesting. In 2008, the show consisted of 
15 public installations from 9 countries, one musical 
performance and one special appearance. It attracted 
more than 6000 visitors of the general public. In the 
2011 version of the show the program consisted of 10 
installations including one musical performance. 

We attended the ArtBots exhibitions in 2008 and 2011 
to interview participants – artists as well as attendees – 
about their attitudes and understanding regarding of 
robots and robotics, in the context of the ongoing 
exhibition. In addition to interviewing all of the artists 
participating in the show, we invited the visitors to 
respond to a series of questions on a shared surface in 
the exhibition space. In the 2008 show, we received in 
total 680 annotated sticky notes from visitors, including 
reflective statements, feedback on the exhibit, and a 
large number of drawings of robots. This data set that 
was gathered from the public became an important aid 
for us to critically distance ourselves from cultural 
connotations regarding robots and society. However, 
this paper will focus on the voices of the artists, as 
collected through semi-structured interviews in the 
immediate contexts of their respective works. Each 
interview generally lasted between 10-30 minutes, and 
was thereafter analyzed by three researchers. In total 

we collected almost 1000 post-its and conducted 25 
interviews with artists. Unfortunately, we will not be 
able to give a full overview of all these very interesting 
exhibits, instead we include photographs of a subset of 
the works, and refer to the artists own online 
presentations at the ArtBots webpage above for more 
complete information. 

This in turn brings us to the relationship between art 
and research in knowledge domains such as HCI. 
Several of the exhibiting artists were engineering 
students or researchers at technical universities, and 
did not call themselves ‘artists’ in a traditional sense. 
Thus, some of the exhibited works doubled as research 
demonstrators, while others were made by artists 
without an agenda towards academia. However, not all 
of the works presented by researchers were parts of 
research projects, but described as part of a personal 
artistic practice outside of their research.  Therefore, 
instead of putting much emphasis on the differences 
between the artists, designers, craftsmen, engineers or 
researchers, we have here considered them equally 
unique in their respective practice. To denote 
authorship of the exhibited pieces we chose to use the 
term ‘artist’ for all the exhibitors below.  

Reoccurring topics and themes 
Overall, the artists provided thoughtful and articulated 
answers to the questions concerning their exhibited 
work (see Figure 1). Furthermore, they seemed 
prepared and eager to discuss the context of 
development, general implications of robotics in 
society, and possible interpretations on a more general 
scale. However, we focused the discussions on very 
concrete details about material properties such as 
texture, how fragile the piece was, its abilities to create 

Figure 1. Template list of 
question used in the semi-
structured interviews. 

Please explain what this is. 

What is your main inspiration? 

Underlying ideas behind the work? 

How do people react to your 
work? E.g. common questions. 

Why are you working with robotic 
material instead of something 
else? 

Do you think that your work 
expresses any particular values? 

How may your work affect or 
relate to society? 

What are your thoughts about 
robots in general? 

How do you define a robot? 

Comments or reflections about 
ethics and robotics/robots? 

 



  

certain precise sounds, contrasts between used 
materials e.g. metal and human skin, power supply, 
transportation, and how this related to what they 
wanted to achieve.  

With an early fascination of the diversity among the 
pieces in respect to physical form, we initially sought to 
identify themes related to the various types of 
materials that constitute robotic artefacts in this 
particular context of work. However, after a first round 
of analysis, we revealed a higher level conceptual 
theme related to the mass-media conceptions of 
robots, which virtually each piece in both of the 
exhibitions made some form of critical commentary on, 
either explicitly or implicitly by showing an alternative 
approach.  

Below we structure our analysis in a series of themes of 
a robot fakelore that were identified in the transcribed 
interviews with the artists: 

x Robustness 
x Intelligence in software (and hardware) 
x Autonomy 
x Anthropomorphism 
x The machine esthetics of mass production 

 
Robustness 
A first theme concerned the general conception of 
robots as strong and sturdy. This is in direct opposition 
to the lived experience of artists working with fragile 
interactive materials that are prone to failure. Several 
comments governed this theme and how to use 
breakdowns, fragility or imperfection as values in their 
own right. Several artists mentioned that failure can be 
used to trigger human empathy and thereby for 

generate interesting characteristics. Examples where 
this was used explicitly for instance were the porcelain 
balls (Unrund), robotic orchestra (Korn), ticking 
eggshells (Untitled) and the drawing robot (SADbot). 
From a more holistic perspective, failure could be 
regarded as an interruption or imperfection while at the 
same time become an important aspect of character 
formation or performance.  

In  some  instances,  ‘sturdiness’  and  reliable  functionality  
would be a core focus, while in other cases a less 
sturdy material such as cardboard was used to invoke a 
less intimidated reaction from onlookers. Thus, the 
physical material has consequences for the  audience’s  
reactions where form, function and existing 
associations that people have will merge.  

The occupation with failure and fragility as expressed 
by these artists ties back to the current discussions on 
sustainability in the making of interactive technology, 
and how much of the digital materials produced 
eventually become locked up in obsolete or broken 
physical platforms. This aspect is relevant to consider 
for anyone designing interactive products, and not just 
specifically within the arts.  

Intelligence in software  
The second theme was concerned with the notion of 
artificial intelligence, which is inherent in the popular 
notion of robots. In relation to this, several of the 
artists made an explicit point that the interesting 
aspects of their works did not reside in software, but in 
the physical behavior and gestalt of the piece, which in 
fact did not always involve much computing at all.  

 

  
 

 
 

 
 
Figure 2. Fragility of physical 
constructions: “Oribotics”  by  
Matthew  Gardiner,  “Untitled”  by  
Christopher Kaczmarek , and 
“SADBot”,  by Dustyn Roberts and 
Ben Leduc Mills. 



  

The artists effectively balance the physical-digital by 
letting more of the behavior be controlled by the 
physical part of these materials. For instance, rather 
than focusing on getting speakers to make certain 
sounds, the materials could be acknowledged to have 
their own distinct voices. These properties were 
considered in several dimensions: “the  shape  directly  
corresponds to... to what you hear, and the movements 
you  see”  (Unrund).  

Part of the implicit craft that the artists undertake is 
balancing the effort of software programming against 
mechanical engineering or traditional craftsmanship. 
Looking at other artistic works this is a dimension 
worthy of articulation – as in the Dutch artist Theo 
Jansen, works of Kinetic Sculptures that gracefully 
tread outdoor environments such as beaches. These 
gigantic mechanical sculptures use nothing more than 
wind power for propelling. This is in contrast to the 
science fiction view of robots (which is largely mirrored 
in much work in HRI), where physical materials are 
mainly rigid scaffolding structures that holds powerful 
computers connected to rigged sensors and actuators.  

Rather than a physical shell that makes the algorithms 
function in the physical world, these works suggest us 
to look at the aesthetics, mechanics and software in 
terms of the behaviours and experiences they trigger. 
In three of the interviews, the theme of using the 
environment as a material emerged e.g. in the 
architecture of a room. Building a robotic or tangible 
interactive  artefact  means  having  to  ‘craft’  these  
material properties into one piece.  

The absence of software may make these pieces seem 
less relevant to HCI, which after all is considered a part 

of the computer sciences. But as acknowledged by the 
increased use of the term interaction design, our field is 
starting to embrace a broader scope of human activity, 
beyond the design of software only. As computing is 
now integrated in almost every other aspect of human 
life, it is still interesting that it was not always relevant 
here. To us, it seemed that the maker culture of 
ArtBots make a distinction between different materials 
of interaction just as we do in HCI. 

Autonomy 
A third theme that several of the works addressed was 
the notion of autonomy, i.e. the ability to act 
independently, which is present in most popular notions 
of robots. This was reflected in pieces presented as 
either helpless, requiring human engagement, or just 
lacking much (or all) of its meaning without active 
participation by audiences. 

From the interviews we realized that autonomy could 
be thought of as something that is made unavailable 
for inspection and control. Several artists were 
seriously concerned with creating and crafting  a 
certain openness in their works - “it  is  a  very  simple  
mechanism,  that’s  enjoyable  and  delightful” (P46). In 
other cases the designs were left more closed - “the  
way  I  presented  the  movement,  it’s  not  easily realized 
for  people  to  see  what’s  going  on  mechanically” (P99). 
Reflecting on what one is in control of when making 
robotics, one artist stated that it is a more complete 
experience than with visual or auditory art, it is a 
‘staged experience’ (P91). 

Notably one form of autonomy was brought up in terms 
of interactivity, or as one of the artists framed it: “Once  
you  paint  a  painting  then  it’s  done,  all  that’s  left  to  do  

 

  
 

 
 

 

Figure 3. Beyond software 
control:  “The  Storm  &  6  bands”  by  
Jack Pavlik,  and    “The  Search  for  
Luminosity”,  by  Allison  Kudla,  and  
Unrund by Korinna Lindinger. 



  

is talk about it. With this work, every time you install it, 
every time it is showed,  it’s  a  new  experience” (P46). 
Overall the artists very much enjoyed observing the 
emotional reactions and the discussions that their 
work’s  spurred. However, this potential of spurring 
reactions and activity beyond the control of the artists 
is quite different from the notion of autonomy as it is 
framed in the robotics field. Here it had more to do with 
audience participation, and opening of a space for 
creative actions by people, while in the HRI and in 
popular culture it is the robot itself that stand for the 
creativity.  

Close to discussions of autonomy in HRI and AI lie 
questions regarding ethics, which was also a topic 
raised by the invited keynote speaker of the 2008 
exhibition (Professor Noel Sharkey). However, the 
artists’ talk about ethics in this context focused on the 
design process and the values expressed through the 
resulting artefact. In other words, they would view it as 
they would always be responsible as designers and 
artists for what they present, and their intentions. 

Regarding these intentions a common theme was to let 
the public figure out and learn something new. This 
agenda of making people more aware of something 
could be anything from the soundscape to relationships 
between machine, human and environment. 
Furthermore several artists expressed that they would 
like to trigger a dialogue about and inspired by their 
work. At least two artists were concerned about 
bringing something fun and delightful into the world as 
their main agenda. Naturally, aesthetics was brought 
up as an important value, which sometimes was very 
closely interlinked with ethics in general. An example 
was the Sound Pieces by Jack Pavlik, where an 

important focus was to create machines that made 
peaceful sounds, in comparison to the sometimes quite 
disturbing noises that motor movements usually 
produce. 

In Mechanical Dolls, Yuliya Lanina physically 
reconstructs and animates traditional dolls, teddy bears 
and other toys in unconventional ways, which made 
humorous yet relevant comments on society. Other 
pieces that directly concerned ethical concerns were 
presented by Christopher Kaczmarek (on 
sustainability), Riley Harmon (on war and video 
games), and Joan Healy (with reference to 
manufacturing circumstances of electronic equipment).  

Anthropomorphism 
Our forth theme concerns the rejection of established 
norms regarding robots as anthropomorphic characters, 
where instead a broad spectrum of sculptural shapes, 
from machine-like to organic, figurative to abstract, 
were all represented. Of the few works that did take 
more anthropomorphic shapes, some were explicitly 
explained to do so as a form of critique or ironic mark 
on  the  mainstream  notion  of  how  a  robot  ‘should’  look  
and act. Moreover, several of the artists made explicit 
in the interviews that their pieces were not to be 
considered as robots, but more suitably referred to as 
e.g. kinetic sculptures or definitions closer to what their 
machines were actually doing, for instance Oribotics - 
the machine that was constructed around the folding of 
paper. This said, there were also variations in attitudes 
in respect to anthropomorphism. One artist talked 
about how he really enjoyed the idea of robots as 
fictional characters, while another talked about how she 
is obsessed with people and that she did not see the 

  

  
 

 
 
Figure 4. In need of human 
engagement and intervention: 
Acquired Knowledge by Alexander 
Reben, “Jurema Action Plant”, by 
Ivan Henriques, and “SADBot”, 
by Dustyn Roberts and Ben Leduc 
Mills. 
 



  

need for producing robots that imitate human looks or 
activities.  

Typical to robotic materials, is that forms and shapes 
that people are familiar with seem to inevitably 
correlate with their interpretation and expectations, i.e. 
that  cameras  can  “see”,  microphones  can  “hear”,  a  
legged object can “walk”, etc [7]. Human imagination 
along these lines sometimes became an important 
design consideration (see figure 5). One example was 
the IC-Hexapod robot, which was able to catch and 
physically follow the gaze of visitors. The designer Matt 
Denton explained the purpose of the dual lenses on the 
robot face, out of which only one was actually used as 
an  instrument  for  the  robot  to  “see”  with.  Apart  from  
providing the robot with a more face-like appearance, 
the second (and larger) lens did not record any image 
data, but by physically moving its apparatus, the user 
was effectively getting the experience of the robot 
“focusing”  or  “zooming  in”  on  him  or  her – an important 
design feature for the interaction. Moreover, this was 
the robot that received the audience award that year. 

The designer of RubotII (a  Rubik’s  cube  solving  robot),  
Peter Redmond, actively worked with popular norms of 
how robots look, and made clear in his interview that 
the design was intentionally made to be interpreted as 
a robot. This was manifested in a number of design 
features, including: the robot covered by a metallic 
shield, its head having  two  flashing  lights  as  ‘eyes’ and 
an animated  red  LED  display  as  ‘mouth’. The robot had 
a computer display at its front, purposefully designed 
with a science fiction inspired black background, 
decorated with a series of fake binary codes and a 
vector wire frame model, with the sole purpose of 
“making  it  look  complicated…  and  intelligent”. Thus 

established norms in fiction were used as a playful tool 
for  making  the  Rubik’s  cube  solving  machine  more  
interesting and fun to play with. 

In  terms  of  an  emerging  ‘what’ for the art pieces, the 
artists sometimes collapsed their expressions into 
utilitarian descriptions. In the case of the Jurema Action 
Plant it was framed as a kind of prosthetic device that 
empowers a plant in such a way that it can move 
about. In a couple of cases it was about knowledge and 
how knowledge and information can be channeled 
through an artefact so that a person could find their 
place in the world. Anthropomorphic representations 
and having a personality were examples from the more 
non-utilitarian end, focusing more on experiential 
qualities and to play with the popular idea of what a 
robot should look like.  

The machine esthetics of mass production 
A fifth theme concerns the technical aspect of exploring 
different robotic materials, expressed as “pushing the 
boundaries” of what could possibly be done with 
selected materials. Often the discussion was about 
going deeper in the studies of these materials and 
exploring quirks and peculiarities that could be 
exploited in interesting and alternative ways while 
other examples include pushing the material towards 
the point of where it would wear out or break down. 
Other types of explorations were focused around 
particular qualities such as minimalism, 
inexpensiveness, ecological or “carefully  releasing  
sounds captured in the material” (P99). However, this 
did not always mean a focus on technological 
innovation, instead some of the pieces made use of 
rather simplistic solutions and materials, but with 

 
  

 
 

 

Figure 5. Envisioning  “robots”: iC 
hexapod by Matt Denton, Emoti-bots 
by Katie Koepfinger  Burcum 
Turkmen, and RuBotII by Peter 
Redmond. 



  

sophistication in terms of material craftsmanship in 
relation to conceptual content.  

In one example the artist expressed thoughts from this 
perspective: “I  think  the  way  it  is  put  together  
aesthetically it is very approachable [...] There is no 
kind  of  mysterious  parts” (P48). This approach signifies 
one way in which materials would become articulated 
by reducing the mysticism within mass-produced 
objects. 

In terms of physical computing one artist expressed 
that he was interested in the devices “not  just  as  tools” 
but also everything that is accessible off the shelves 
and thus generally available to people. Contemporary 
ideals such as open source culture, DIY and the make 
movement are all represented, as well as critical art 
and physical computing as a topic for reflection [9]. The 
artists themselves were therefore personally engaged 
in practices of shaping form as well as functionality of 
their works, rather than wanting to outsource 
implementation to others. This is perhaps coloured by 
the “talent  show”  ideals  that are specific to ArtBots. 

While some of the artworks were a statement on for 
example (un)desired developments in society, not all 
artists wanted to make an explicit statement per se. 
The usage of physical materials in themselves still 
became a statement about societal developments to a 
certain degree. The combination of plant and a robotic 
machine, in which interaction with the plant itself would 
move its robotic cart, for example, was partially meant 
as a statement on the production process of 
components and its polluting consequences. Thus, the 
choice of materials in itself is rightfully regarded as an 
ethical one. 

Discussion 
The rich variety of the pieces presented at the two 
ArtBots events discussed here highlight that there are 
many potential sub groupings, themes and taxonomies 
within robotic art, beyond that of medium or material 
choices. This variety was partly the result of an active 
curating process, where the organizers have 
purposefully selected works that in interesting ways 
complement one another. However, rather than 
focusing only on this variety, we have chosen to bring 
up similarities and re-occurring themes as reflected in 
interviews with the artists.  

The shared characteristics of the pieces were not only 
that they built on some form of robotic materials, but 
perhaps more importantly that they, given the theme of 
ArtBots, had to relate to the cultural notion of robots, 
as well as to what may qualify as art. The way the 
artists approached this situation, often in the form of 
very explicit and relevant critical pieces related to 
concepts discussed in the robotics research domain, 
was what we found most interesting in the interview 
data. 

The first issue, how the works related to the cultural 
notion of robots, is illustrated in the five themes 
outlined above, discussed as a form of urban or 
contemporary myths within a fakelore of robotics. The 
second issue, how the artists reflect on their work as a 
form of artistic practice, is affecting how the artists 
have chosen to manifest and present their works (see 
e.g. Figure 6). The established norm within the western 
art scene is that works of art must be original, which 
inevitably forces artists to explore previously untested 
expressive forms. This in itself may work to trigger 
artists to step away from mainstream conceptions and 

   
 

 
 

 
 

Figure 6. Showing traces of a 
human hand: Mechanical Dolls by 
Yuliya Lanina, momo by Kristin 
O'Friel and Che-wei Wang,  and 
Rechnender Raum by Ralf Baecker 



  

formats. Research is similarly often described as 
favoring unique efforts. However, it is notable how 
similar our research prototypes often are, in 
comparison with these works.  

Several of the exhibited works could be read as direct 
commentaries on how topics are discussed in research 
in the field of robotics and the design of technology at 
large. More importantly, the critique is delivered in the 
form of robotic artifacts (i.e. materiality), and is part 
and parcel of the discourse of robotics. This might be a 
powerful strategy when discussing more fundamental 
issues rather than merely symptoms. As such we think 
it is relevant to consider other related types of 
discourses e.g. in terms of critical design in HCI, where 
the attitude is more towards making a particular 
commentary than to open up for creative dialogue [2]. 

Most of the artists related in some way to the 
mainstream culture of robots both as a resource, for 
building story, character, setting a context, and as a 
target for critical and discursive design work. 
Furthermore, in discussing the qualities of their works 
the artists reported on particular aspects related to its 
visuals, its sensuality, its presence, how it sounded, 
how accessible it was and how it moved. This shows 
that they had been working with these materials to 
make a point or to evoke a certain emotional or social 
response to their work, often by raising a particular 
question or aspect. We have seen similar issues arising 
at CHI too, but were impressed by the clarity with 
which these topics became articulated in the context of 
these exhibitions. 

It should be noted that none of the exhibited works did 
explicitly refer to robotic fakelore as target for their 

artistic explorations. Several artists even refused to 
describe their work as belonging within the field of 
robotics. However, this distancing can in itself be seen 
as a critique, since they after all have chosen to 
present their work in the context of a robotics talent 
show. The mythmaking surrounding the concept of 
robots can still be useful in interpreting and placing the 
works in context, for understanding why they have 
taken the form they have, and what makes them 
interesting to our particular research domain.  

The discourse developed within the field of kinetic art 
provides a reflective lens through which researchers 
and designers may discover new design openings. More 
specifically they point to a series of unnecessary 
trappings that are common in research practices, 
perhaps due to being situated around established 
notions of robotics and other advanced technologies in 
popular culture. 

Finally, getting back to our notion of fakelore, and how 
many of the pieces related to what can be regarded a 
‘tradition’  within  the  robot  discourse, what may this 
bring to our discussions within HCI? Is it possible that 
our field has similar, in various ways troublesome 
‘traditions’,  that  may  run the risk of becoming the 
target of similar critiques? Are such norms invisible for 
us as researchers, or are we just ignoring them for 
now, concerned that breaking them might be 
disadvantageous in getting the research funding, 
publications, and citations, that our institutions and 
research funders constantly demand from us? 
Revealing fakelores of HCI could be done similarly by 
presenting artistic work that illustrates and triggers 
discussion on how the field manifests itself within its 
own norms and principles of conduct, in relation to 



  

popular culture. With that said, artistic practices may 
be needed as a safeguard against falling into the trap of 
creating traditions where emerging myths would be 
regarded as unquestionable facts. 

Conclusion 
In this paper, we have presented an analysis of the 
topics brought up in exhibited works at international 
ArtBots events, as expressed in interviews with the 
exhibiting artists. Specifically we have looked at how 
the robotic art scene through crafting and materiality 
has developed a discourse to counterbalance what may 
be referred to as a kind of robot fakelore in 
contemporary culture. We identified five themes 
commonly surfacing in discussions of robot technology, 
to which the artists made active critical contributions. 
These were: robustness, intelligence in software, 
autonomy, anthropomorphism, and the machine 
esthetics of mass production. The artists commonly 
refused  to  talk  of  their  work  as  ‘robotics’  per  se,  and  
their work may be inspirational for researchers 
designing interactive artefacts in a broader sense. In 
particular, we see that each of the topics raised here 
point to interesting design openings to designers of 
interactive products, addressing aspects of materiality, 
crafting, and the aesthetics of interactive experiences. 
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ABSTRACT 
This paper concerns the design of physical languages for 
controlling and programming robotic consumer products. 
For this purpose we explore basic theories of semiotics 
represented in the two separate fields of comics and 
fashion, and how these could be used as resources in the 
development of new physical languages. Based on these 
theories, the design concept of actDresses is defined, and 
supplemented by three example scenarios of how the 
concept can be used for controlling, programming, and 
predicting the behaviour of robotic systems. 

Author Keywords 
Physical languages, semiotics, tangible interaction 

ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., HCI): 
Miscellaneous.  

INTRODUCTION 
One major stream of research within the areas of embedded 
and tangible systems design concerns investigations of new 
models and forms for programming. This has resulted in a 
large number of physical construction kits [e.g. 4, 24], 
physical tools for designing and controlling on-screen and 
acoustic media, and several more or less complete physical 
programming languages [19]. One application domain in 
this area concerns new ways of controlling the behaviour of 
electronic and robotic consumer products. As such products 
are inherently physical, often without a screen display 
surface, it is relevant to explore new and user-friendly ways 
for these to be controlled by physical means. 

Interesting with respect to this is how people personalise 
their digital devices by different forms of physical means. 
Laptops are made personal by placing stickers on them, 
people buy or make their own customized cases, and they 

attach mascots and charms to their mobile phone handsets. 
Especially in the area of robotic consumer products, people 
tend to physically accessorize their technology, e.g., by 
sewing decorative covers for Roomba1 and dressing up 
Pleo2 for different occasions. Although the motivations for 
these practices may diverge drastically from programming 
(dressing up a vacuum cleaner may for instance be a 
decorative way of storing it when not in use), they do 
indicate an interesting starting point for exploration. This is 
also interesting as physical appearances of robots are 
increasingly explored in research, e.g. in studies of different 
head shapes [7] and costumes [25]. Given the fundamental 
role that clothing has in human culture, and the interest in 
surface appearance in product design, this may be used 
much more concretely also in physical interfaces. 

After a short overview of current approaches to physical 
programming, the design concept of actDresses is 
described. The concept is theoretically inspired by two 
informal kinds of sign systems that are extensively used and 
understood in popular culture. The first area is the sign 
system used in comics, and how this has previously been 
used as inspiration in the design of visual programming 
languages. The second area that we explore concerns 
practices of clothing and accessorising, and how that could 
be used for controlling the behaviour of physical interactive 
devices. To make the discussion more concrete, we provide 
three example scenarios of how physical decoration and 
labelling can be used for controlling, programming, and 
predicting the behaviour of robotic systems.  

APPROACHES TO PHYSICAL PROGRAMMING 
A classic example of how robotic products are usually 
controlled and programmed can be seen in the robotic turtle 
used with the early developments of the Logo programming 
language [21]. That robot was intended as a physical 
representation and enactment of programming instructions, 
but the actual instructions were created and sent to the turtle 
from a separate workstation. Another example is the     
Lego Mindstorms robotic construction kit, where the 
intended functionality is partially manifested in the physical 

                                                           
1 See http://www.myroombud.com/ 
2 See e.g. user generated blog posts at www.pleoworld.com 
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design, but the actual behaviours can only be added, 
inspected and tuned in the context of using a personal 
computer. Similarly, changing the behaviour of most 
consumer robots of today, such as Pleo, Roomba or Aibo, 
requires a PC-based mode of interaction, which is 
essentially different from how users otherwise engage with 
these products. Moreover, when making programs in these 
settings, it is often hard to perceive what the expected 
behaviour will be like. For physical computing, this often 
results in extensive loops of uploading, debugging and fine 
tuning the interaction of the constructed system [13]. 

An intriguing question is what happens if the instructions in 
these cases would not be confined to other physical devices, 
but visualised and possible to manipulate and change in the 
ordinary use setting of the object controlled. This particular 
question has been explored in a range of projects on 
physical language design, including Patten et al’s 
explorations of using physical string to program robotic 
systems [22], and McNerny’s development of tangible Lego 
bricks to control and program electronic devices [19].  

Several robotic products are also programmable by means 
of physical training or demonstration, e.g. by bending or 
moving the artefact in different ways, which gets recorded 
and repeated by the program. Topobo [24] is a physical 
construction kit based on such a model of control, just as 
Curlybot [10], a wheeled robot that can be trained to move 
in patterns defined by the user. These and similar strategies 
for end-user specification of robotic movement have proven 
highly successful, especially for navigation and posture 
control tasks. However, making more complex programs 
sometimes requires some form of code that can be 
examined, edited, and revisited. This is available when 
programming robots on a PC, but is often lacking when 
controlling and training robots by physical means.  

An increasingly common approach is also to use tangibles 
of different kinds. Examples include the use of Wii remote 
controls to control robot gesture [12], and a set of tangibles 
for controlling robotic teams [17]. Related explorations can 
be found in the domain of mechanical and interactive toys, 
where it has long existed dolls and other objects that can be 
explicitly switched into different modes by attaching 
different accessories to them (e.g. My real baby). The rich 
role-playing associated also with more conventional dolls 
(e.g. Barbie) is to a great extent due to clothing and 
accessorizing qualities as part of the interaction. A similar 
approach could be used for combining multiple 
programming constructs, i.e. collections of physical items 
that can be combined in many ways. 

The general problem of making programming more 
concrete has also been explored extensively in the area of 
designing programming tools for children and end users, 
especially by making simplified higher level forms of 
representation [see e.g. 14]. However, additional work is 
needed to explore how to create visually effective and 
easily understandable ways to represent physical program 

actions (i.e. a behavioural correspondence to WYSIWYG). 
Here this design space is explored based on the fundamental 
aspect of programming languages concerned with signs and 
symbols as representing computational actions. Of 
relevance to this is the field of semiotics [5], which studies 
the use and interpretation of signs. 

According to semiotic theory, signs may take more or less 
any form, including words, images, sounds, gestures, acts, 
and physical objects. However, they become signs only 
when they are loaded with meanings that make them stand 
for something other than themselves. Thus, a sign always 
consists of a combination of a signifier (the manifestation of 
the sign), and a signified (what the sign refers to). As an 
example, Chandler [5] explains how the same signifier, the 
word ‘open’, becomes a different sign if placed on a push-
button inside a lift than if printed on a flag to indicate that a 
shop is open for business. Similarly, the concept ‘open’ 
could be represented by a range of different kinds of 
signifiers depending on context.  

Here, focus will be on a scenario of using signs in the form 
of physical markings attached to a digital artefact, where 
the physical markings act as signifiers, and the actions or 
behaviours that they would make the artefact perform 
would be the signified. In the development of new physical 
languages, the challenges thereby include both the designs 
of the actual signs, as well as their coupling to meaningful 
computational action. 

LEARNING FROM COMICS AND FASHION 
Textiles and fashion has achieved increased attention lately 
in terms of crafting with new materials. Examples include 
Leah Buechley’s work with the textile LilyPad toolkit [4], a 
range of reactive wearable costumes for playing and 
interaction [e.g. 23], and in combining conventional design 
practices, such as fashion, with digital features [20]. 
Fashion theory is also relevant to tangible computing as it 
essentially deals with physical features such as fabric, 
texture, transparency, shape, and so on.  

Another motivation for exploring clothing and fashion in 
terms of physical language design concerns how people 
present themselves to others through their surface 
appearances. Clothes not only serve the purpose of being 
convenient for certain activities, they also serve a range of 
communicative functions, indicating e.g. appropriate 
behaviour, group belongings, and expected interactions [6, 
11]. As a particular example, one could consider the 
richness in function of theatrical costumes. Similarly, 
markings on the physical outside of a digital artefact could 
be used to indicate to its users what mode it is currently in, 
and what behaviours and interactions that could be 
expected, at a certain point in time. 

The visual sign language of comics is another form of 
cultural expression that is relevant to programming, because 
like conventional programming code, comics depict 
dynamic activities using a static representation [15]. 
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Comics is also a form of language where it is acceptable to 
exaggerate and emphasise properties, e.g. powers and 
abilities, in a way that is playful, again using a form of 
language that is easy to read.  For readers that have learned 
the principles and sign language of comics, the visual 
presentation can produce a very direct reading experience, 
creating an illusion of for example motion and sound, even 
though the medium itself is static and silent. [15, 18] 

Here we explore how the semiotics of these two fields, 
fashion and comics, could work as inspirations to physical 
language design. 

If signs and symbols known from fashion and comics 
should work as a form of code for controlling digital 
devices, one could assume that they would take a rather 
different and much less explicit character than the 
programming codes we are used to. Apart from historical 
shifts and variations in appropriate ‘dress codes’ for 
instance, Davis [6] lists three features that make fashion 
highly ambiguous as a code system: “First it is heavily 
context dependent; second, there is variability in how its 
constituent symbols are understood and appreciated by 
different social strata and taste groupings; and third, it is – 
at least in Western society – much more given to 
“undercodings” than to precision and explicitness.”[6, p.8] 
However, given the multitude of forms in which different 
programming paradigms have been developed, finding and 
exploring possible parallels may still be relevant. 

A basic property of clothing also concerns its modular 
qualities, where layers and collections of different items can 
be combined in a variety of ways. This property has been 
conceptually likened to the activity of higher-level 
programming by combining existing scripts or behaviours 
into new functioning programs [2]. Making programs by 
putting together existing pieces of code into new 
arrangements also relates to common popular practices of 
software development, e.g., the use of class libraries, 
interface widgets, and open source methodologies. 
Especially in educational settings and for novice 
programmers, such ‘higher-level’ modes of program 
construction have been found particularly useful. 

Similarly, the visual language of comics is based on a 
combination of text, pictures, and visual markings such as 
labels and frames of different kinds. Comic book artists use 
a combination of such signs together to communicate 
dynamic features and actions that cannot be expressed using 
ordinary images. A well explored sign for expressing 
temporal aspects in comics is a sequence of panels, working 
to move the story forward [18]. Several research projects 
have shown that such sequences can be applied in visual 
programming for defining e.g. narrative structures and 
before-after scenarios [16]. Another kind of signs, and 
which may have further potential in the case of physical 
languages, is the family of visual signs used to depict 
dynamic actions that happen within a static visual frame. 
These signs include speech balloons, sound markings, speed 

lines, pain stars, etc. As such signs are always shown in the 
immediate visual context of the object or character that they 
refer to, semiotic theory refers to such signs as contextual 
signs. Systems that draw on this type of markings attempt 
to support a concrete high-level configuration that may be 
easier for users to read and interpret than more abstract 
modes of programming using lower level symbolic 
representations [9].  

THE CONCEPT OF ACTDRESSES 
In programming, as in interaction design at large, the 
physical form and how it shapes the behaviours that users 
predict and expect from a digital artefact is becoming 
increasingly relevant to explore. In HCI, this has been 
conceptualised in terms of what is sensed, desired and 
expected [1], and from a perspective of industrial design a 
similar concept has been framed as a balance between 
appearance and action [8]. However, knowing only the 
hardware is never sufficient for predicting how the system 
will actually work. The concept of clothing may then 
provide a valuable link between physical bodies, skills and 
capabilities, and the varying contexts of use. 

For the purpose of physical programming, we define 
actDresses as a kind of physical markings that can be 
directly attached to a digital artefact, and that signifies some 
property, action, or behaviour of that artefact. Inspired by 
the method of visual programming with contextual signs 
[9], there are two main characteristics that distinguish 
actDresses from most other methods for programming and 
control of physical systems.  

The first property is that the sign is shown in the immediate 
physical context of the object having the feature represented 
by the sign. This helps showing which object is controlled 
by a sign, and can give a direct visual impression of the 
resulting behaviour. This is not the case in most settings of 
programming robotic and tangible systems, where the 
‘code’ is sometimes hidden, often at a completely separate 
hardware device. This also addresses the general desire for 
visible forms of program representations, which can be 
inspected and modified.  

As a second property, actDresses are meant to represent and 
produce perceivable actions in the computerised system, in 
ways that end users may easily relate to and understand. As 
signs, these could take the forms of texts, pictures, or three-
dimensional objects, drawing for instance on the material or 
cultural meanings of their manifestations. 

The role of appearance is a central aspect that must be 
emphasised in this design concept, as the items 
simultaneously may work as controls as well as well as a 
form of decoration. Of importance to this is also awareness 
of existing cultural meanings of different signs, as well as 
concrete issues of readability. For instance, when attaching 
several signs or labels to the same object, a consequence 
may be that they obscure the object, so that it is difficult to 
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Figure 1. Controlling Pleo using actDresses. From top-left: 
Playing with the robot in “watchdog” mode, as indicated by 
bracelet. When user changes the costume from bracelet to 
pyjama, the robot is slowly switching into sleep mode.  

clearly see the object underneath. The signs could 
themselves also overlap and obscure each other. 

As with any higher level form of programming based on 
behaviours that should be possible to combine in a variety 
of ways, come aspects related to modularity. This concerns 
how different signs may be combined together, not only 
visually, but also in terms of their respective signifies, e.g. 
how different program actions can be practically and 
meaningfully combined. In terms of implementation, this 
also concerns aspects of program order and concurrency, 
and whether certain signs should be given higher priority 
than others when it comes to execution. 

THREE EXAMPLE CASES 
To illustrate how the concept could be realised concretely, 
we here provide three short interaction scenarios designed 
for different kinds of robotic artefacts. The first scenario is 
designed for the Pleo robot dinosaur, the second is designed 
for the experimental GlowBots platform, and the third case 
is designed for a prototype consumer vacuum cleaner robot. 
The examples are designed as physically embodied 
sketches, and an important aspect when selecting the 
scenarios was that they should be possible to realise with 
readily available technology.   

Case 1: Role assemblage outfits for Pleo 
Pleo is a robotic baby dinosaur, and one of the more 
sophisticated consumer products designed to simulate real 
life-like behaviour as a form of ‘electronic pet’. The robot 
has approximately the same size as a cat or a small dog, and 
is equipped with a large number of sensors that make it 
responsive to touch, and has a sophisticated posture control 
system aimed to imitate how real animals respond to 
petting. The robot does not walk more than a few steps, and 
it makes sounds rather than talk or respond to talk. When 
users interact with this robot, this is done primarily through 
physical means, by carrying it around, by petting it, and by 
dressing it up in different costumes. Moreover, rather than 
treating Pleo like a mechanical device, users tend to play 
along with the pretention of a real animal, e.g. by naming it, 
tickling it, referring to actions such as being sleepy, happy, 
or wanting something (see user-generated blog posts at 
www.pleoworld.com).  

Finding ways for end user to change the details of how this 
robot moves and interacts could map poorly with existing 
observed interaction patterns, and possibly even destroy the 
play on the illusion of interacting with a live pet. Therefore 
the mode of interaction must be carefully designed and 
grounded in existing practices of playing with Pleo. This 
includes both the form of physical manipulation, and the 
conceptual level of engagement. 

In this particular example scenario we wanted to explore 
how the standard behaviour of the robot could be altered by 
letting it change mode or even acquire new abilities. At the 
same time we looked for a strategy that would seamlessly 
transfer to existing practices by not requiring much 

alteration of the original interaction style, nor affect the 
physical appearance of the robot’s skin surface. The result 
was a set of scenarios such as putting a pyjama on to put the 
robot to sleep (see Figure 2), attaching a necklace to set it 
into guard mode, or shoes that make it walk.  

The implementation strategy of this interaction scenario is 
based on RFID technology, with a reader mounted on the 
robot and each of the available garments in the collection 
equipped with RFID tags. This combined with internal 
sensors, e.g. temperature and sound sensors could allow for 
a range of new and rich modes of interaction, e.g. putting a 
warm jacket on in a cold or warm environment may result 
in different robot actions. Items can also be designed as 
parts of full ‘persona’ outfits, turning the robot into modes 
that entail more complex behaviour patterns for special 
occasions or play scenarios. 

Case 2: A behaviour pin collection for GlowBots 
GlowBots are a collection of experimental robots with 
round LED-displays on their top, acceleration sensors for 
user interaction, protocols for robot-robot communication, 
and wheels underneath for autonomous movement (Figure 
3). We use these robots here as a second illustration case to 
emphasise that the concept of actDresses not necessarily 
requires human-like or zoomorphic technology as its base.  

We also wanted to specifically focus on actions and user 
interactions that can be sensed and performed by the 
GlowBots platform on a lower conceptual level than for that 
of Pleo. This was motivated by the more mechanical 
looking form of the device, and also on the envisioned 
actions that users would be likely to want to modify. These 
could be narrowed down to very basic groups of program 
actions: (1) Navigation in space, (2) Display patterns, (3) 
Generate sound, (4) Send and receive signals from other 
robots, and (5) Respond to user interactions, e.g. shaking 
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Figure 2. The GlowBots scenario. Selecting from a collection of
physical behaviour “amulettes”, attaching them to a GlowBot,
and finally the GlowBots move, glow, and interact according to
items on their bracelets. 

Figure 3. The vacuum robot scenario. A set of signs that can
put the robot into different modes. The “shy” sign has made
the robot hide under the sofa, and is switched to another mode
by the user, to make is spiral slowly and silently on the carpet.

and holding the robot in different ways. For each of these, a 
range of behaviours of different complexity could be 
developed. As with the Pleo case, the complexity of these 
behaviours may stretch from more elaborated behaviours 
that combine several actions, e.g. displaying a sequence of 
patterns on the screen, to more detailed coordination of 
movement and sound, or instruction for how the robots 
should move e.g. towards or away from one another. 

The set of behaviours designed for this platform consist of 
simple unit resistor pin-based decorations where a rich 
possibility for making different arrangements and 
combinations is a main quality. Combining several simple 
behaviours may lead to more complex patterns. For 
instance, Figure 3 shows a bracelet with behaviours for 
‘flash’, ‘play a tone’, ‘spin’ and ‘move forward’ (will make 
it move in circle). Adding another ’move forward’ will 
make it move faster and in larger circles.  

Case 3: Comic Signs for a vacuum robot 
In our third case we use commercial vacuum cleaning 
robots as a prototype base for exploring how the concept of 
actDresses could enhance a task-oriented robot. Earlier 
studies points out that even technomorphic looking robotic 
appliances can engage users ‘socially’. In the case of 
Roomba, as with Pleo, specially designed cloth covers are 
available for purchase on the web. The main usage of such 
clothes may on the other hand not primarily be for 
functional purposes, but for personalisation and decoration. 

Here we explore how comic book-style patches attached by 
magnetic tape can be used to extend the robot’s basic 
behaviours with super positioned abilities. As inspiration, 
Braitenberg [3] introduced the concept of having very 
simple behaviours from hard-wired sensors-actuators. Such 
behaviours would for instance be light-seeking, light-
avoidance, or turning in a direction as response to simple 

stimuli, resulting in behaviours that people tended to 
interpret as psychologically driven, e.g. being curious, 
aggressive, nervous, etc. Moreover having signs that 
represent e.g. light-avoidance, users would be able to use a 
flashlight on the vacuuming robot, making it more 
interactive. Other possibilities would be to use various 
super-patches to enhance a certain functionality e.g. speed. 

In our example scenario, we have designed a set of comic 
book like magnetic patches that can be attached to the 
metallic shield on top of the vacuum robot (see Figure 3). 
Apart from the standard sensors of most commercially 
available robot vacuum cleaners, this would be equipped 
with a basic RFID-reader for reading of the signs, as well as 
a number of extra sensors to allow for the interaction 
patterns similar to those in the Braitenberg’s Vehicles 
example, for responding to e.g. motion, sound, and light. 

DISCUSSION 
Computer programming has conventionally been concerned 
mostly with textual and symbolic modes of construction 
using screen displays as the general medium for 
representation. However, with increasingly physical 
systems, often not even equipped with screen displays, 
other systems and modes of program representations need 
to be explored. Theories of disparate fields such as comics 
and fashion could here be useful to explore as they are 
holding specific semiotic qualities, for instance that they are 
possible for ordinary people to read and relate to. 

We have introduced the concept of actDresses, e.g. using 
physical clothing, labels, and accessories for controlling 
physically embodied systems. The work is motivated by 
existing practices of physical customisation of electronic 
devices, the current trend towards commercial products 
with increasingly advanced control mechanisms, and 
experiences from the domain of end-user programming. 
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As illustrated in our three interaction scenarios, the concept 
of actDresses could be visually manifested in a range of 
different ways. Many more scenarios could be envisioned 
i.e. bracelets attached to a robot with symbols representing 
program actions, a jacket with pockets containing behaviour 
descriptions in the form of comic strips, or tasks that the 
interactive artefact should perform. Thus, the shapes and 
forms that different representations could take include a 
near to infinite amount of options and variations.  

Another aspect of the example cases concerns how the 
specific hardware platforms resulted in completely different 
sets of designs, based on what was considered likely for 
users to want to modify and control on the different devices. 
This illustrates the necessity to consider physical shape, 
behaviour capabilities, and interaction modalities together, 
grounded both in existing use patterns and capabilities of 
the respective platform. The example cases also point to 
how the level of abstraction could vary extensively while 
still being based on the same metaphor.   

Of course, in comics as well as in fashion, all the visual 
signs and symbols closely interplay with characters, people, 
contexts and objects. Characters in comics usually display 
facial expressions and body postures that convey the action 
in the story, and every sign may be carefully crafted for a 
specific character drawing. Similarly, posture, figure, and 
physical environment play important roles in how clothes 
are interpreted and negotiated in social contexts. So even 
though actDresses may communicate effectively, they 
naturally take another form of expression when brought to 
the context of tangible computing. 

In developing new ways of controlling, programming and 
predicting the behaviour of physical consumer products, a 
deeper understanding of the fundamental theories explored 
in these and other fields may hold further benefits. Projects 
like these suggests further potential in using loose physical 
items, such as garments, jewellery and visual signs as 
resources for controlling and programming physical 
computing systems.  
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WKH�URERW��UDWKHU�WKDQ�VRPHWKLQJ�WKDW�LV�PHDQW�WR�EH�DWWDFKHG�
WR�WKH�URERW�VXUIDFH����
7KH� KXPDQ�URERW� LQWHUDFWLRQ� UHVHDUFK� FRPPXQLW\� KDV�
UHFHQWO\� EHFRPH� LQFUHDVLQJO\� LQWHUHVWHG� LQ� WKH� SK\VLFDO�
DSSHDUDQFH� RI� URERWV� H�J�� VWXG\LQJ� WKH� HIIHFWV� RI� GLIIHUHQW�
KHDG�VKDSHV� >�@� DQG� FRVWXPHV� >��@�� ,Q� SDUWLFXODU� WKLV� KDV�
EHFRPH� D� FRUH� LVVXH� LQ� WKH� VHQVH� WKDW� FDSDELOLWLHV� WKDW� DUH�
VXJJHVWHG� E\� LWV� PHUH� DSSHDUDQFH� DSSHDU� WR� FDXVH� DQ�
HOHYDWLRQ� RI� SHRSOHV� H[SHFWDWLRQV� WKDW� JRHV� EH\RQG� LWV�
DFWXDO� IXQFWLRQDOLW\� >�@�� 7KH� UDUH� H[DPSOHV� RI� DFFHVVRULHV�
WKDW� SURYLGH�PRUH� IXQFWLRQ� DOVR� DSSHDU� WR� EH� OHVV� GLUHFWO\�
DWWDFKHG��H�J��5RRPEDெV�LQIUDUHG�YLUWXDO�ZDOO�EHDFRQV��,W�LV�
LQWHUHVWLQJ� WR� QRWH� WKDW� PXFK� RI� KXPDQ�URERW� LQWHUDFWLRQ�
UHVHDUFK� VR� IDU� KDV� IRFXVHG� RQ� WKH� URERWLF� DUWHIDFW� SHU� VH�
ZLWKRXW� SD\LQJ� PXFK� DWWHQWLRQ� WR� LQWHUDFWLRQ� PRGHOV�
LQYROYLQJ�DFFHVVRULHV��
$�UHFHQW�VWXG\�>��@�H[SORUHG�WKH�XVH�RI�QRQ�FRPSXWDWLRQDO�
VXUIDFH� DGG�RQV� IRU� WKH� URERW� YDFXXP� FOHDQHU� 5RRPED��
6LPLODUO\� WKH� VXUIDFH� RI� WKH� URERW� 1DR� FDQ� EH� VOLJKWO\�
FXVWRPLVHG� E\� LQWHUFKDQJHDEOH� FRORXUHG� SODWHV�� $OWKRXJK�

WKH\� GR� QRW� DGG� DQ\� DGGLWLRQDO� FRPSXWDWLRQDO� EHKDYLRXU��
WKHVH� NLQGV� RI� DFFHVVRULHV� GR� SURYLGH� WKH� DELOLW\� WR�
SHUVRQDOLVH� WKH� URERW�� DQG� WR� GLYLGH� VHYHUDO� URERWV� LQWR�
WHDPV��6LPLODU�WR�FKLOGUHQெV�SOD\�ZLWK�LQDQLPDWH�WR\V�>��@��
WKH�UHSUHVHQWDWLRQDO�PDQXIDFWXUHU�JLYHQ�FKDUDFWHULVWLFV�DQG�
IRUPDW� OHQG� WKHVH� NLQGV� RI� DUWHIDFWV� WR� H[WHUQDO�
UHSUHVHQWDWLRQDO� VWUXFWXULQJ� WKURXJK� DFFHVVRULVLQJ� �VHH�
)LJXUH������
�
7KH�PHWDSKRU�RI�FORWKLQJ�DQG�GUHVV�FRGHV�
7ZR� QRWLRQV� WKDW� FRXOG� EH� RI� SDUWLFXODU� LQWHUHVW� WR� RXU�
GHVLJQV� DUH� XQLIRUPV� DQG� FRVWXPHV�� ZKLFK� FRQFHSWXDOO\�
ELQG� WRJHWKHU� IXQFWLRQ�� SUDFWLFHV� DQG� YLVXDOO\� SHUFHLYDEOH�
PDQLIHVWDWLRQV� LQ� VRFLR�FXOWXUDO� VHWWLQJV�� 7KH� GLIIHUHQFH�
EHWZHHQ�WKH�WZR�LV�VXEWOH��EXW�WKH�XQLIRUP�WHQGV�WR�EH�PRUH�
VWULFW�ZKLOH�WKH�FRVWXPH�ZRXOG�EH�PRUH�JHQHUDO�LQ�WHUPV�RI�
HQFRGLQJ�DQ�RXWILW���
5DIDHOL� DQG� 3UDWW� >��@� LGHQWLI\� WKUHH� GLPHQVLRQV� IRU� DQ�
DQDO\WLF� IUDPHZRUN� RI� XQLIRUPV� ±�DWWULEXWHV��KRPRJHQHLW\�
DQG� FRQVSLFXRXVQHVV�� $WWULEXWHV� UHIHU� WR� VSHFLILF� IHDWXUHV�
VXFK� DV� FRORXU�� PDWHULDO� DQG� VW\OH�� KRPRJHQHLW\� LV� WKH�
H[WHQW�WR�ZKLFK�WKHUH�LV�D�FRQVLVWHQF\�EHWZHHQ�SHRSOH�DQG�
EHWZHHQ�RFFDVLRQV�LQ�KRZ�WKH\�GUHVV��DQG�FRQVSLFXRXVQHVV�
LV� WR� ZKDW� H[WHQW� WKH� GUHVV� FRGH� LQ� XQLTXH� FRPSDUHG� WR�
RWKHU�JURXSV�LQ�D�VRFLHW\��)XUWKHUPRUH��GUHVV�FRGHV�QRW�RQO\�
DFFRXQW� IRU� GHHSHU� VRFLR�FXOWXUDO� PHDQLQJV� H�J�� VRFLDO�
VWDWXV� DQG� EHOLHIV�� EXW� DOVR� PRUH� FRQWH[WXDOO\� RULHQWHG�
PHDQLQJV�H�J��DOORZDQFH� IRU�SDVVDJH�RU�DSSURSULDWHQHVV� WR�
SHUIRUP�D�FHUWDLQ�DFWLRQ��
$� GUHVV� FRGH� GHVFULEHV� KRZ� LQGLYLGXDO� SLHFHV� DUH�
UHFRPELQHG� DQG� SXW� WRJHWKHU�� LQ� RXU� FDVH� LQWR� D� FRPSOHWH�
$FW'UHVV��(DFK�SLHFH� FDQ�EH� WKRXJKW� WR�KDYH� VRPH�RI� WKH�
IROORZLQJ�SURSHUWLHV��

x %HORQJLQJ�WR�D�VHW�
x 9LVXDOO\�UHSUHVHQWLQJ�D�IXQFWLRQ�
x &RXOG�EH�UHFRPELQHG�ZLWK�RWKHU�SLHFHV�
x &RXOG�DGG�D�FHUWDLQ�IXQFWLRQDOLW\�

6LPLODU�LGHDV�KDYH�EHHQ�H[SORUHG�LQ�WHUPV�RI�GHPRFUDWLVLQJ�
KDFNLQJ� FXOWXUH� IURP� D� JHQGHU� SHUVSHFWLYH� E\� ORRNLQJ� DW�
',<�� WLQNHULQJ� DQG� EULFRODJH�� 6SHFLILFDOO\� %ODFNZHOO�
VXJJHVWV� WKDW� ZRPHQெV� �VWHUHRW\SLFDOO\� SXW�� VHQVH� RI�
DVVHPEOLQJ�RXWILWV� ��VpDQFH�G¶HVVD\DJH�±�FDSWXUHV� WKH�VRUW�
RI� FRPSHWHQFH� UHTXLUHG� IRU� WKLV� NLQG� RI� HQG� XVHU�
SURJUDPPLQJ�>�@���
:LWKLQ� WKH� $PHULFDQ� URERWLF� WR\V� LQGXVWU\� WKH� QRWLRQ� RI�
ÄVNLWVெ� FDUULHV� WKH� PHDQLQJ� RI� VPDOO� DFWLQJ� UHSHUWRLUHV� RU�
WKHPHV� RI� PRWLRQV� WKDW� FDQ� EH� SHUIRUPHG� E\� D� URERWLF�
GHYLFH��)RU�LQVWDQFH��XVLQJ�WKH�URERWLF�WR\�GLQRVDXU�3OHR�LW�
LV� SRVVLEOH� WR� ÄUXQெ� VNLWV� E\� GRZQORDGLQJ� VFULSW�ILOHV� IURP�
WKH�,QWHUQHW�RQWR�D�6'�FDUG�WKDW�WKHQ�FDQ�EH�LQVHUWHG�LQWR�D�
6'�VORW� LQ� 3OHRெV� EHOO\�� $YDLODEOH� VNLWV� DUH� H�J�� WKH�
+DOORZHHQ�� &KULVWPDV�� 9DOHQWLQH� DQG� :DWFKGRJ� WKHPHV��
:KHQ� FRPELQHG�� GUHVV� FRGHV� FRXOG� EH� GHILQHG� WR� HQFRGH�
IRU�VXFK�VNLWV�LQ�D�PRUH�VWUXFWXUHG�ZD\����

�

� �
)LJXUH����&XVWRPL]HG�FRYHUV�IRU�WKH�5RRPED�YDFXXP�
FOHDQHU�URERW��LQ�WKH�IRUP�RI�D�IURJ��OHIW��DQG�WLJHU��ULJKW���

�

�
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�
)LJXUH����3DSHU�PRFN�XSV�RI�EHKDYLRXU�YLVXDOLVDWLRQV�
XVLQJ�YDULRXV�SK\VLFDO�VKDSHV��

�

3K\VLFDO�DQG�WDQJLEOH�SURJUDPPLQJ�
+LVWRULFDOO\�SURJUDPPLQJ�KDV�LQFOXGHG�YHU\�SK\VLFDO�IRUPV�
RI� LQWHUDFWLRQ�XVLQJ�SXQFK� FDUGV� DQG� FKDQJLQJ� RI� HOHFWURQ�
WXEHV�� +RZHYHU� IRU� PDQ\� GHFDGHV� QRZ�� WKH� VSHFLILFDWLRQ�
DQG� FRQWURO� RI� LQWHUDFWLYH� V\VWHPV� KDYH� EHHQ� EDVHG�
SULPDULO\�DURXQG�RQ�VFUHHQ�GHYHORSLQJ�HQYLURQPHQWV��HYHQ�
IRU�WKH�FDVH�RI�KLJKO\�SK\VLFDO�URERWLF�V\VWHPV���
)LJXUH���LOOXVWUDWHV�D�VLPSOLVWLF�FDVH�RI�KRZ�D�URERW�PD\�EH�
PDGH� WR� VSLQ� LQ� D� FHUWDLQ� ZD\� E\� XVLQJ� FRQYHQWLRQDO�
SURJUDPPLQJ�FRGH�GRZQORDGHG�IURP�D�VHSDUDWH�FRPSXWHU��
7KH� ILJXUH� DOVR� LOOXVWUDWHV� WKH� IXQGDPHQWDO� FRQFHSW� IURP�
VHPLRWLF� WKHRU\� WKDW�D� VLJQ� �H�J�� IRU�FRQWUROOLQJ� LQWHUDFWLYH�
V\VWHPV��LV�DOZD\V�EXLOW�XS�RI�WZR�SDUWV�±�WKH�PDQLIHVWDWLRQ�
RI�WKH�VLJQ�LWVHOI��VLJQLILHU��DV�ZHOO�DV�ZKDW�LW�UHIHUV�WR��WKH�
VLJQLILHG�� >�@�� ,PSRUWDQWO\�� D� VLJQ� UHIHUULQJ� WR� D� SDUWLFXODU�
FRPSXWDWLRQDO� DFWLRQ�� H�J�� VSLQQLQJ� LQ� D� FHUWDLQ�ZD\��PD\�
WDNH� PRUH� RU� OHVV� DQ\� IRUP�� LQFOXGLQJ� ZRUGV�� LPDJHV��
VRXQGV�� JHVWXUHV�� DFWV�� DQG� SK\VLFDO� REMHFWV�� ,Q� VHWWLQJV�
ZKHUH� WKH� LQWHUDFWLYH� DUWHIDFW� GRHV� QRW� KDYH� D� VFUHHQ�
GLVSOD\�RI�LWV�RZQ��WKH�ÄFRGHெ�LV�PRUH�RU�OHVV�KLGGHQ��RIWHQ�
DW�D�FRPSOHWHO\�VHSDUDWH�KDUGZDUH�GHYLFH��$�VWDWH�RI�WKH�DUW�
H[DPSOH� LV� WKH� &KRUHJUDSKH� HQYLURQPHQW� IRU� FRQWUROOLQJ�
DQG�SURJUDPPLQJ�WKH�$OGHEDUDQ�1$2�URERW�>��@���
,Q� WKH� GHYHORSPHQW� RI� QHZ� DSSURDFKHV� WR� FRQWUROOLQJ�
URERWLF� DFWLRQ�� WKH� FKDOOHQJHV� WKHUHE\� LQFOXGH� ERWK� WKH�
GHVLJQV� RI� WKH� DFWXDO� VLJQV�� DV� ZHOO� DV� WKHLU� FRXSOLQJ� WR�
PHDQLQJIXO� FRPSXWDWLRQDO� DFWLRQ�� $� QXPEHU� RI� UHVHDUFK�
SURMHFWV� KDYH� EHHQ� H[SORULQJ� SURGXFLQJ� DQG� SUHGLFWLQJ�
EHKDYLRXUV� E\� PHDQV� RI� SK\VLFDO� PDQLSXODWLRQ� RQO\��
([DPSOHV� LQFOXGH� 7RSRER� >��@�� 6NHWFK�D�PRYH� >��@� DQG�
&XUO\ERW� >�@�� DQG� D� UDQJH� RI� SURJUDPPLQJ� E\� H[DPSOH�
LPSOHPHQWDWLRQV�LQ�LQGXVWU\���
$� FORVHO\� UHODWHG� VWUHDP� RI� UHVHDUFK� LV� WKH� DOVR� HDUO\�
H[SHULPHQWV�ZLWKLQ� WKH� GRPDLQ� RI� WDQJLEOH� XVHU� LQWHUIDFHV�
�78,ெV��� ZKHUH� SK\VLFDO� REMHFWV� KDYH� EHHQ� GHVLJQHG� WR�
UHSUHVHQW� DQG� ORDG� GLJLWDO� ILOHV� DQG� DFWLRQV�� ([DPSOHV�
LQFOXGH�8OOPHU�HW�DO�ெV�0HGLD%ORFNV�>��@��DQG�/MXQJVWUDQG�
HW� DO�ெV� :HE6WLFNHUV� >��@�� ERWK� FRQGXFWHG� GXULQJ� �����
�������
�
'(6,*1�(;3/25$7,216�
2XU�IRFXV�ZLOO�EH�RQ�D�VFHQDULR�RI�XVLQJ�VLJQV�LQ�WKH�IRUP�
RI� SK\VLFDO� PDUNLQJV� DWWDFKHG� WR� D� GLJLWDO� DUWHIDFW�� ZKHUH�
WKH�SK\VLFDO�PDUNLQJV� DFW� DV� VLJQLILHUV�� DQG� WKH� DFWLRQV� RU�
EHKDYLRXUV� WKDW� WKH\� ZRXOG� PDNH� WKH� DUWHIDFW� SHUIRUP�

ZRXOG�EH� WKH� VLJQLILHG�� 7KXV��$FW'UHVVHV� DUH�GLVSOD\HG� LQ�
WKH� LPPHGLDWH� SK\VLFDO� FRQWH[W� RI� WKH� REMHFWV� WKDW� WKH\�
FRQWURO��WKHUHE\�DGGUHVVLQJ�WKH�JHQHUDO�GHVLUH�IRU�D�GLUHFWO\�
YLVLEOH��LQVSHFWDEOH�DQG�PRGLILDEOH�SURJUDP�UHSUHVHQWDWLRQ��
$� UHODWHG�SURSHUW\� LV� WKDW� WKH\� DUH�PHDQW� WR� UHSUHVHQW� DQG�
SURGXFH�SHUFHLYDEOH�DFWLRQV�LQ�WKH�FRPSXWHULVHG�V\VWHP��LQ�
ZD\V�WKDW�HQG�XVHUV�PD\�HDVLO\�REVHUYH�DQG�XQGHUVWDQG��
7R� JLYH� D� VHQVH� RI� KRZ� WKH�$FW'UHVVHV� FRQFHSW� FRXOG� EH�
UHDOLVHG� FRQFUHWHO\�� D� VHULHV� RI� LQWHUDFWLRQ� VFHQDULRV� DQG�
PRFN�XSV� KDYH� EHHQ� FUHDWHG� IRU� WKH� FDVH� RI� URERWLF�
PRYHPHQW��)LJXUH���VKRZV�D�VHULHV�RI�SDSHU�FXS�PRFN�XSV��
LOOXVWUDWLQJ� H�J�� KRZ� WKH� VKDSH� PD\� PDNH� DQ� REMHFW� ORRN�
OLNH� LW� LV� DEOH� WR� KHDU�� VHH��PRYH� LQ� D� FHUWDLQ� GLUHFWLRQ�� RU�
SRVVHVV�FHUWDLQ�SHUVRQDOLW\� WUDLWV� VXFK�DV�EHLQJ�DJJUHVVLYH��
DV� PDQLIHVWHG� E\� LWV� SK\VLFDO� IRUP� IDFWRUV�� 7KLV� NLQG� RI�
ORZ�ILGHOLW\� H[SORUDWLRQV� KHOSHG� JDLQLQJ� DQ� XQGHUVWDQGLQJ�
RI�WKH�GHVLJQ�VSDFH�RI�SK\VLFDO�VKDSH�LQ�WKH�UHSUHVHQWDWLRQ�
RI�PRYHPHQW�DQG�SK\VLFDOO\�HQDFWHG�EHKDYLRXUV��
%HORZ� ZH� SUHVHQW� D� VHULHV� RI� VHPL�LPSOHPHQWHG�
H[SORUDWLRQV� WR� LOOXVWUDWH� KRZ� ZRUNLQJ� ZLWK� FRQFHSWXDO�
VNHWFKHV� LQ� GLIIHUHQW� PDWHULDOV� PD\� SURYRNH� DVVXPSWLRQV�
DQG�JXLGH�DFWXDO�LPSOHPHQWDWLRQ�IXUWKHU�RQ��2XU�IRFXV�KDV�
EHHQ� RQ� VLPSOH� DXWRQRPRXVO\� PRYLQJ� URERWV�� EDVHG� RQ�
SODWIRUPV� VXFK� DV� WKH� HGXFDWLRQDO� H�3XFN� DQG� 5RRPED�
&UHDWH��
�
+DQGV�RQ�PDQLSXODWLRQ�RI�URERWLF�PRYHPHQW�
$V�D�ZD\�RI�H[SORULQJ�WKH�IXQGDPHQWDO�SURSHUWLHV�RI�GLUHFW�
PDQLSXODWLRQV� ZLWK� SURJUDPPLQJ� DQG� FRQWURO� RI� URERWLF�
V\VWHPV� ZH� PDGH� KDUGZDUH� H[SHULPHQWV� �)LJXUH� ��� WR�
H[SORUH� SK\VLFDO� SURSHUWLHV� RI� PDQLSXODWLQJ� URERWLF�
VXUIDFHV�� 7KH� LQWHUDFWLRQ� SULQFLSOHV� ZH� FRYHUHG� ZHUH� ����
GLUHFW�PDQLSXODWLRQ� RI� VHQVRUV�� KRZ� GRHV� D� URERW� EHKDYH��
DQG� ZKDW� GRHV� WKH� XVHU� H[SHFW�� LI� D� XVHU� ÄEOLQGIROGVெ� D�
URERW"� ���� 'LUHFW� PDQLSXODWLRQ� RI� DFWXDWRUV�� GLVDEOLQJ� D�
ZKHHO� FKDQJHV� WKH� DFWXDO� DQG� H[SHFWHG� EHKDYLRXU� RI� D�

�
)LJXUH� ��� /HIW�� 6LJQLILHU� �WKH�PDQLIHVWDWLRQ� RI� WKH� VLJQ���
5LJKW��6LJQLILHG���ZKDW�WKH�VLJQ�UHIHU�WR���

�
�
�
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�
)LJXUH����,QWHUDFWLRQ�VFHQDULR�IRU�VLPSOLVWLF�KLJKHU�OHYHO�
EHKDYLRXUV�� %\� DWWDFKLQJ� VLPSOLVWLF� ODEHOV� LQGLFDWLQJ� D�
KLJKHU�OHYHO�VWDWH�RI�DFWLYLW\��XVHUV�ZRXOG�EH�DEOH�WR�SXW�
WKH�GHYLFH�LQWR�GLIIHUHQW�PRGHV��

�
�
�

�
)LJXUH� ��� $� VHULHV� RI� H[SORUDWLRQV� RI� KDQGV�RQ�
PDQLSXODWLRQV� RI� URERWLF� PRYHPHQWV� E\� H�J�� FRYHULQJ�
SDUWV�RI�LWV�VHQVRUV��DWWDFKLQJ�LW�WR�VWULQJV�DQG�VWLFNV��DOO�
DIIHFWLQJ� KRZ� WKH� PRYHPHQW� RI� WKH� REMHFW� FRXOG� EH�
FRQWUROOHG�DQG�SUHGLFWHG��

�
�
URERW��LW�FDQ�RQO\�GULYH�LQ�FLUFOHV�����'LUHFW�PDQLSXODWLRQ�RI�
SK\VLFDO� FKDUDFWHULVWLFV�� E\� DGGLQJ� SK\VLFDO� REMHFWV�� WKH�
EHKDYLRXU� RI� D� URERW� FKDQJHV�� D� FRQQHFWHG� VWULQJ� OLWHUDOO\�
FRQVWUDLQWV�WKH�PRYHPHQW�SRVVLELOLWLHV�����7DJV�DQG�IODJV��D�
XVHU�FDQ�JXLGH��GLUHFW��SURJUDP�RU�FRQWURO�D�URERW��+RZ�FDQ�
WDJV� DQG� IODJV� YLVXDOL]H� WKLV"� ���� 'LUHFW� PDQLSXODWLRQ�
WKURXJK�SK\VLFDO�REMHFWV��DGGLQJ�D�VTXDUH�VKDSH�PDNHV�WKH�
URERW�GLVSOD\�D�VTXDUH�VKDSH��URWDWLQJ�LW�GLVSOD\V�D�URWDWLQJ�
VTXDUH��HWF��
$�VHFRQG�VWUHDP�RI�H[SORUDWLRQV�FRYHUHG�DJHQW�SULQFLSOHV��
KRZ�XVHUV�WKURXJK�SK\VLFDO�PHDQV�FRXOG�PDQLSXODWH�DQG�LQ�
D�VHQVH�SURJUDP�H[LVWLQJ�URERWV��DQG�WR�DQ�H[WHQW�DOVR�KRZ�
URERWV� PD\� LQIOXHQFH� HDFK� RWKHU�� &RQGLWLRQV� �,I�WKHQ�
EHKDYLRXU���FRS\LQJ�DQG�HPHUJHQW�SULQFLSOHV�ZHUH�H[SORUHG�
XVLQJ� WKH� *ORZ%RWV� �EDVHG� RQ� WKH� H�3XFN� SODWIRUP�� VHH�
)LJXUH�����:KLOH�WKLV�DOORZHG�PRUH�FRPSOH[�EHKDYLRXU�RI�D�
JURXS� RI� URERWV�� LW� DSSHDUHG� WR� UHPRYH� WKH� $FW'UHVVHV�
SULQFLSOH� IRU� LQGLYLGXDO� URERWV��)RU� LQVWDQFH��ZKHQ�D� URERW�
KDG� FRSLHG� D� EHKDYLRXU� IURP� DQRWKHU� URERW�� LWV� YLVXDO�
DSSHDUDQFH� ZRXOG� QR� ORQJHU� PDWFK� LWV� EHKDYLRXU�� 2QH�
VROXWLRQ� ZRXOG� EH� WR� DOORZ� WKH� URERW� WR� DGDSW� LWV� RZQ�
DSSHDUDQFH�� EXW� VLQFH� WKLV� ZRXOG� LPSO\� D� ZKROH� QHZ�
GLPHQVLRQ�WR�WKH�GHVLJQ�FRQFHSW��ZH�GHFLGHG�WR�WDNH�D�VWHS�
EDFN�DQG�IRFXV�RQ�LQWHUDFWLRQ�ZLWK�D�VLQJOH�URERW�DW�D�WLPH��
,W�EHFDPH�DSSDUHQW�WKDW�WKH�LQWHUSUHWDWLRQ�RI�WKH�DSSHDUDQFH�
WKDW�ZDV�DIIHFWLQJ�WKH�EHKDYLRXU�ZDV�FUXFLDO��H�J�� LI�D�XVHU�
ZDV� QRW� DEOH� WR� SUHGLFW� WKDW� EORFNLQJ� RQH� ZKHHO� ZRXOG�
FDXVH� WKH� URERW� WR� GULYH� LQ� FLUFOHV�� WKHQ� WKH� FRUUHFW�
DSSHDUDQFH� FKDQJLQJ� UHTXLUHG� VRPH� WULDO�DQG�HUURU� F\FOHV��
$IWHU� ÄVXFFHHGLQJெ�� DQG� WKXV� DIWHU� REVHUYLQJ� ERWK� WKH�
DSSHDUDQFH� DQG� WKH� UHVXOWHG� EHKDYLRXU�� WKH� PDSSLQJ� DQG�
LQWHUSUHWDWLRQ� EHFDPH� FOHDU�� &KDQJLQJ� WKH� DSSHDUDQFH�
VKRXOG� WKXV� EH� FRQVLVWHQW� ZLWK� WKH� UHVXOWLQJ� FKDQJHV� LQ�
EHKDYLRXU��DQG�WKH�XVHU�VKRXOG�EH�DEOH�WR�OHDUQ�WKLV�E\�WULDO�
DQG�HUURU�LWHUDWLRQV��
�
,QWHUDFWLRQ�VFHQDULR��KLJK�OHYHO�EHKDYLRXUV�
,Q� WKH� VFHQDULR� H[SORUHG� LQ� )LJXUH� �� ZH� XVH� FRPPHUFLDO�
YDFXXP� FOHDQLQJ� URERWV� DV� D� SURWRW\SH� EDVH� IRU� H[SORULQJ�

KRZ�WKH�FRQFHSW�FRXOG�HQKDQFH�D�WDVN�RULHQWHG�URERW��+HUH�
ZH� H[SORUH� KRZ� FRPLF� ERRN�VW\OH� SDWFKHV� DWWDFKHG� E\�
PDJQHWLF� WDSH� FDQ� EH� XVHG� WR� H[WHQG� WKH� URERWெV� EDVLF�
EHKDYLRXUV� ZLWK� VXSHU� SRVLWLRQHG� DELOLWLHV�� $V� LQVSLUDWLRQ��
%UDLWHQEHUJ� >�@� LQWURGXFHG� WKH� FRQFHSW� RI� KDYLQJ� YHU\�
VLPSOLVWLF� EHKDYLRXUV� IURP� KDUG�ZLUHG� VHQVRUV�DFWXDWRUV��
6XFK� VLPSOH� DFWLRQV� UHVXOWHG� LQ� EHKDYLRXUV� WKDW� SHRSOH�
WHQGHG� WR� LQWHUSUHW� DV� SV\FKRORJLFDOO\� GULYHQ�� H�J�� EHLQJ�
FXULRXV�� DJJUHVVLYH�� QHUYRXV�� HWF�� 5HDVRQV� IRU�
H[SHULPHQWLQJ� VSHFLILFDOO\� ZLWK� VLJQV� ERUURZHG� IURP�
FRPLFV�ZDV�WR�H[SORUH�D�W\SH�RI�QRWDWLRQ�WKDW�PDQ\�SHRSOH�
DUH�IDPLOLDU�ZLWK�DQG�DOUHDG\�NQRZ�KRZ�WR�UHDG��
,Q� WKLV� VFHQDULR�� D� VHW� RI� FRPLF�OLNH�PDJQHWLF� SDWFKHV� DUH�
DWWDFKHG� WR� WKH� PHWDOOLF� VKLHOG� RI� WKH� YDFXXP� URERW�
�SURWRW\SHG�E\�XVLQJ�DQ�XSVLGH�GRZQ�FDNH�SDQ�LQ�LWV�SODFH���
SXWWLQJ�LW�LQWR�GLIIHUHQW�PRGHV��,Q�)LJXUH����D�ÄVK\ெ�VLJQ�KDV�
PDGH� WKH� URERW� KLGH� XQGHU� WKH� VRID�� DQG� LV� VZLWFKHG� WR�
DQRWKHU� PRGH� E\� WKH� XVHU�� WR� PDNH� LV� VSLUDO� VORZO\� DQG�
VLOHQWO\� RQ� WKH� FDUSHW��$SDUW� IURP� WKH� VWDQGDUG� VHQVRUV� RI�
PRVW� FRPPHUFLDOO\� DYDLODEOH� URERW� YDFXXP� FOHDQHUV�� WKLV�
VFHQDULR�ZRXOG� UHTXLUH� DQ�5),'�UHDGHU� IRU� UHDGLQJ� RI� WKH�
VLJQV�� DV� ZHOO� DV� VHQVRUV� WR� DOORZ� IRU� LQWHUDFWLRQ� SDWWHUQV�
WKDW�UHVSRQG�WR�H�J��PRWLRQ��VRXQG��DQG�OLJKW���
�
,QWHUDFWLRQ�VFHQDULR��GHWDLOHG�LQVWUXFWLRQV�
$V� D� FRPSOHPHQW� WR� WKH� YHU\� KLJK�OHYHO� EHKDYLRXU�
H[SORUDWLRQV� GHSLFWHG� LQ� WKH� DERYH� VFHQDULR�� ZH� VNHWFKHG�
RXW� D� FDVH� WKDW� IXUWKHU� HPSKDVLVHV� DFWLRQV� DQG� XVHU�
LQWHUDFWLRQV� WKDW� FDQ� EH� VHQVHG� DQG� SHUIRUPHG� RQ� D� ORZHU�
OHYHO�RI�DEVWUDFWLRQ��)RU�WKH�SODWIRUP�WKDW�ZH�XVHG�IRU� WKLV�
VFHQDULR� �WKH�*ORZ%RWV��� WKHVH� DFWLRQV� FRXOG� EH� QDUURZHG�
GRZQ� WR� YHU\� EDVLF� JURXSV�� ���� 1DYLJDWLRQ� LQ� VSDFH�� ����
3DWWHUQV�RQ� LWV�/('�GLVSOD\�� ����*HQHUDWH� VRXQG�� ����6HQG�
DQG� UHFHLYH� VLJQDOV� IURP�RWKHU� URERWV�� DQG� ����5HVSRQG� WR�
XVHU� LQWHUDFWLRQV�� H�J�� VKDNLQJ� DQG� KROGLQJ� WKH� URERW� LQ�
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�
)LJXUH���� ,QWHUDFWLRQ� VFHQDULR� IRU�KRZ�FRPELQDWLRQV�RI�
ODEHOV� ZLWK� PRUH� GHWDLOHG� LQVWUXFWLRQV� FRXOG� LQIOXHQFH�
URERWLF�PRYHPHQW�DQG�LQWHUDFWLRQ��

�
�GLIIHUHQW�ZD\V��)RU�HDFK�RI�WKHVH��D�UDQJH�RI�EHKDYLRXUV�RI�
GLIIHUHQW�FRPSOH[LW\�FRXOG�EH�GHYHORSHG���
7KH�LQWHUDFWLRQ�VFHQDULR�VHTXHQFH�LQ�)LJXUH���VKRZV�D�XVHU�
VHOHFWLQJ�IURP�D�FROOHFWLRQ�RI�SK\VLFDO�EHKDYLRXU�ÄDPXOHWVெ��
DWWDFKLQJ� WKHP� WR� D�*ORZ%RW�� DQG� ILQDOO\� KRZ� D� JURXS� RI�
*ORZ%RWV�PRYH��JORZ��DQG� LQWHUDFW�DFFRUGLQJ� WR� LWHPV�RQ�
WKHLU� EUDFHOHWV�� 7KH� LPSOHPHQWDWLRQ� VWUDWHJ\� IRU� WKLV�
VFHQDULR� LV� EDVHG� RQ� VLPSOH� XQLW� UHVLVWRU� SLQ�EDVHG�
GHFRUDWLRQV� ZKHUH� FRPELQDWLRQ� LV� D� PDLQ� TXDOLW\��
&RPELQLQJ� VHYHUDO� VXFK� VLPSOH� EHKDYLRXUV�PD\� WKHQ� OHDG�
WR�PRUH�FRPSOH[�SDWWHUQV��
�
,03/(0(17$7,21�(;3/25$7,216�
)URP� VNHWFKLQJ� LQ� KDUGZDUH� DQG� VRIWZDUH� ZH� ZHQW� RQWR�
LPSOHPHQWLQJ� PRUH� FRPSOHWH� GHPRQVWUDWRUV�� 7KH� ILUVW�
LPSOHPHQWDWLRQ� ZDV� XVHG� DV� D� WRRO� IRU� UHIOHFWLQJ� DERXW�
$FW'UHVVHV�IURP�D�YLVLELOLW\�DVSHFW�DQG�SURELQJ�ZKDW�RWKHU�
SHRSOH� WKRXJKW� DERXW� WKH� FRQFHSW� LQ� JHQHUDO�� 7KH� VHFRQG�
H[SORUDWLRQ� IRFXVHG�RQ�XVLQJ�ZLUHOHVV� WHFKQRORJ\� WRJHWKHU�
ZLWK�D�VFHQDULR�WKDW�KDG�LQKHUHQW�PRGXODU�SURSHUWLHV��,Q�WKH�
WKLUG� H[SORUDWLRQ�ZH� VWDUWHG� RYHU� DJDLQ�� ZHQW� EDFN� WR� WKH�
URRWV� DQG� SURJUHVVHG� PRUH� DVVHUWLYHO\� E\� DSSO\LQJ�
VXFFHVVIXO� LGHDV� DQG� FRQFHSWV� IURP� WKH� SUHYLRXV�
H[SHULPHQWV��
�
7KH�+DW�7ULFN�
,Q�WKH�ILUVW�LPSOHPHQWDWLRQ�ZH�GLG�ZDQW�WR�JHW�D�IHHOLQJ�IRU�
WKH� FRQFHSW� E\� YLVXDOLVLQJ� VLPSOH� EHKDYLRXUV� XVLQJ�
DFFHVVRULHV�OLNH�KDWV��,Q�WKLV�FDVH�ZH�XVH�DQ�H�3XFN��D�WZR�
ZKHHOHG�HGXFDWLRQDO� URERWLF�SODWIRUP�WKH� VL]H�RI�D�FRIIHH�
FXS�� ,W� KDV� GLYHUVH� WHFKQLFDO� FDSDELOLWLHV� H�J�� LQIUD�UHG�
VHQVRUV�� DFFHOHURPHWHU�� %OXHWRRWK�� PLFURSKRQHV�� /('ெV�
DQG�D�VSHDNHU��7KH�JRDO�ZDV�WR�HTXLS�LW�ZLWK�FXVWRP�PDGH�
KDWV� VR� WKDW� HDFK� KDW� ZRXOG� FRUUHVSRQG� WR� D� FHUWDLQ�
EHKDYLRXU�WKDW�LV�DFWLYDWHG�DV�VRRQ�DV�WKH�URERW�LV�DFWLYDWHG�
ZLWK�WKH�KDW��)LJXUH�����

7KUHH�W\SH�RI�KDWV�ZHUH�GHVLJQHG��D�:L]DUG�KDW��D�%RZO�KDW�
DQG� D� )XUU\� KDW� WKDW� ZRXOG� FRUUHVSRQG� WR� WKUHH� GLIIHUHQW�
PRYHPHQW� SDWWHUQV� ±� 6ZLUO\�� 3DWURO� DQG� 6SLQQLQJ�
UHVSHFWLYHO\��(DFK�KDW�ZHUH�GHVLJQHG�WR�KDYH�D�SK\VLFDO�NH\�
WKDW� RQO\� ILWV� LQ� RQH� ZD\� RQ� WKH� URERW�� WKXV� IRUFLQJ� DQ�
HOHFWULFDO� NQRE� WR�EH� VHW� LQ�RQH�RXW� RI� IRXU�SRVLWLRQV��7KH�
IRXU� SRVLWLRQV� HDFK� FRUUHVSRQGV� WR� IRXU� GLIIHUHQW� VRIWZDUH�
URXWLQHV� HQFRGLQJ� WKH� WKUHH� PRYHPHQW� SDWWHUQV� SOXV� D�
GHIDXOW�ÄQR�PRYHPHQWெ�VWDWH��)XUWKHUPRUH�ZH�H[SHULPHQWHG�
ZLWK�XVLQJ�VRXQG�DQG�EOLQNLQJ� OLJKWV��DOWKRXJK�ZH�TXLFNO\�
VHQVHG�WKDW�LW�PDGH�LQGLYLGXDO�EHKDYLRXUV�OHVV�DUWLFXODWHG����
,Q� RUGHU� WR� GLVFUHWHO\� DVVHVV� RXU� SURWRW\SH� ZLWK� H[WHUQDO�
XVHUV� ZH� WRRN� WKH� RSSRUWXQLW\� WR� GHPRQVWUDWH� LW� DW� VPDOO�
SXEOLF�H[KLELWLRQV��7KH�UHDFWLRQ�ZDV�WKDW�DOWKRXJK�LW�ZDV�D�
YHU\�HDV\�FRQFHSW�WR�JUDVS�� YLVLWRUV�JHQHUDOO\�VRXJKW�PRUH�
FRQFUHWH� DQG� SUDFWLFDO� XVHV� IRU� LW�� 0RUHRYHU� ZH� JRW�
VXJJHVWLRQV� WKDW� WKH� VDPH� NLQG� RI� SULQFLSOHV� PLJKW� EH�
DSSOLHG� WR� RWKHU� HOHFWURQLF� GHYLFHV� ZKHUH� DFFHVVRULHV� DQG�
SHUVRQDOLVDWLRQ� ZRXOG� EH� LPSRUWDQW� DVSHFWV�� ZKLFK� VKRZV�
WKDW�SHRSOH�TXLWH�HDVLO\�FRXOG�IRUP�WKHLU�RZQ�LGHDV�DURXQG�
WKH�FRQFHSW����

�
)LJXUH� ��� 7KH� +DW� 7ULFN�� $� GHPR� LOOXVWUDWLQJ� KRZ� WKH�
FKDQJLQJ� RI� KDWV� FRXOG� VLPSOLI\� FRQWURO� DQG� SURYLGH� D�
FOHDUHU�YLHZ�RI�WKH�SRVLWLRQ�RI�D�VPDOO�NQRE�WKDW�WULJJHUV�
GLIIHUHQW�PRYHPHQW�SDWWHUQV�RI�D�GHYLFH��
�
�
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�
)LJXUH� ��� 7KH� VTXDUH� GDQFHU�� 5),'� WDJV� ZLWK�
JHRPHWULFDO� VKDSHV� DWWDFKHG� WR� WKH� URERW� WR� DIIHFW� LWV�
PRYHPHQW� SDWWHUQV�� &RPELQLQJ� GLIIHUHQW� VKDSHV�PDNHV�
WKH�URERW�µGDQFH¶�LQ�FRPSOH[�SDWWHUQV��
�
�
�

�
7KH�6TXDUH�'DQFHU�
,Q� RUGHU� WR� ORRN� DW� GLIIHUHQW� HQDEOLQJ� WHFKQRORJLHV� IRU�
$FW'UHVVHV�ZH� LQYLWHG� VWXGHQWV� WR� FRPH� XS�ZLWK� GLIIHUHQW�
VFHQDULRV� WKDW� WKH\� WKRXJKW� RI� ZKHQ� OHDUQLQJ� DERXW� WKH�
SURMHFW�� 2XU� VHFRQG� H[SORUDWLRQ� ORRNV� DW� RQH� RI� WKHVH�
UHVXOWLQJ� SURWRW\SHV� FDOOHG� µ6TXDUH�'DQFHU¶��7KH� VFHQDULR�
XVHV�GDQFH��RU�UDWKHU�IRRW�SDWWHUQV�RI�D�GDQFH�DV�LQVSLUDWLRQ�
IRU�PRWLRQV�IRU�D�URERW��7KH�LGHD�LV�WR�EXLOG�PRUH�FRPSOH[�
SDWWHUQV� RI� PRYHPHQWV� IURP� EDVLF� WULJRQRPHWULF� VKDSHV��
7KH� 6TXDUH� 'DQFHU� LV� D� KDOI� VSKHULFDO� VKDSHG�� RPQL�
GLUHFWLRQDO� URERW� WKDW� FDQ� PRYH� LQ� D� IOXHQW� PDQQHU� LQ�
FRPELQHG�SDWWHUQV�DFFRUGLQJ�WR�SK\VLFDO�PDUNLQJV�DWWDFKHG�
WR� LWV� VXUIDFH�� 7KLV� DOORZV� WKH� URERW� WR� PRYH� LQ� DQ\�
GLUHFWLRQ�RU�SDWWHUQ�ZLWKRXW�KDYLQJ� WR� WXUQ�DURXQG�DV�ZLWK�
RUGLQDU\� ZKHHOV�� ,QWHUQDOO\�� WKH� FXVWRP�PDGH� HOHFWURQLFV�
DUH� EDVHG� RQ� WZR� FLUFXLW� ERDUGV�� RQH� IXQFWLRQLQJ� DV� WKH�
PDVWHU�±�UHDGLQJ�DQG�SURFHVVLQJ�GDWD�IURP�WKH�5),'�VODYH�
FLUFXLW�� GULYLQJ� WKH� ZKHHOV� DQG� WDNLQJ� FDUH� RI� REVWDFOH�
GHWHFWLRQ�XVLQJ�D�VZHHSLQJ�,5�VHQVRU���
,Q�OLQH�ZLWK�WKH�HDUO\�H[SORUDWLRQV�ZLWK�WKH�SK\VLFDO�/2*2�
WXUWOH� LQ� WKH�����V�>��@�� WKH� VWXGHQWV�SOD\HG�ZLWK�D� VLPSOH�
VHW� RI� JHRPHWULFDO� ILJXUHV� DV� WKH� EDVLV� IRU� WKHVH�
H[SORUDWLRQV�� %DVHG� RQ� WKLV�� ZH� FUHDWHG� D� VHW� RI� SK\VLFDO�
WDJV�GHSLFWLQJ�H�J��D�VTXDUH��D�FLUFOH�DQG�D�WULDQJOH�UHVXOWLQJ�
LQ� FRUUHVSRQGLQJ� PRYHPHQW� SDWWHUQV� ±� LI� DQG� ZKLOH� WKH\�
ZHUH�DWWDFKHG�WR�WKH�URERW�VXUIDFH��
$� VSHFLILF� SUREOHP� WKDW� ZH� ZDQWHG� WR� DGGUHVV� LQ� WKLV�
LPSOHPHQWDWLRQ� FRQFHUQHG� KRZ� GLIIHUHQW� SURJUDP�
LQVWUXFWLRQV�PLJKW�EH�FRPELQHG�WRJHWKHU��QRW�RQO\�YLVXDOO\��
EXW� DOVR� LQ� WHUPV� RI� KRZ� WKH\� ZRXOG� EH� SXW� WRJHWKHU�
FRPSXWDWLRQDOO\��7KLV�LV�UHODWHG�WR�DVSHFWV�RI�SURJUDP�RUGHU�
DQG� FRQFXUUHQF\�� DQG� KRZ� WKH� HIIHFWV� RI� VHYHUDO�
VLPXOWDQHRXVO\� FRQQHFWHG� WDJV� FRXOG� WDNH� HIIHFW� DW� WKH�
PRPHQW� RI� H[HFXWLRQ�� 7KLV� ZDV� DSSURDFKHG� E\� GLYLGLQJ�

HDFK� JHRPHWULFDO� ILJXUH� LQWR� VPDOOHU� SDUWV� RI� WKHLU� SDWKV��
DQG� WDNLQJ� WXUQV� EHWZHHQ� WKHVH� VHFWLRQV� UDWKHU� WKDQ� GR�
FRPSOHWH�ILJXUHV�RI�PRYHPHQW��7KH�EHKDYLRXU�FRPELQDWLRQ�
IXQFWLRQV�DUH�EXLOW�LQ�D�ZD\�LQ�ZKLFK�DUUD\V�ZLOO�EH�VSOLW�XS�
LQ�VHOHFWHG�SDUWV�DQG�WKHQ�PHUJHG�WRJHWKHU�LQ�D�G\QDPLFDOO\�
DOORFDWHG�DUUD\��7KHVH�SDUWV�FDQ�WKHQ�EH�VHHQ�DV�SDWWHUQV�RU�
VWHSV�LQ�D�GDQFH��
7KH� LQWHUDFWLRQ� WHFKQRORJ\� LQ� IRFXV�ZDV�5),'�DQG�KRZ�LW�
FRXOG� EH� XVHG� WR� H[SORUH� WKH� SUDFWLFDO� DVSHFWV� RI� XVLQJ�
SK\VLFDO� WDJV� IRU� FRQWUROOLQJ� LWV� EHKDYLRXU�� :H� TXLFNO\�
QRWLFHG�WKDW�DOWKRXJK�5),'�ZDV�XVHG��WKH�WDJV�VWLOO�QHHGHG�
WR�EH�SK\VLFDOO\�DWWDFKHG��:H�ILUVW�H[SORUHG�WKH�SRVVLELOLW\�
XVLQJ� PDJQHWV� EXW� HYHQWXDOO\� VHWWOHG� ZLWK� 9HOFUR�� 7KLV�
DOORZHG�WKH�WDJV�WR�EH�DWWDFKHG�PRUH�IUHHO\��EXW�DW�WKH�VDPH�
WLPH�UHTXLUHG�DGGLWLRQDO�DWWHQWLRQ�IURP�WKH�XVHU�WR�VHH�LI�WKH�
SDUWLFXODU� VHJPHQWV� RI� WKH� EHKDYLRXU� ZHUH� SURSHUO\�
H[HFXWHG�� 7KLV� LVVXH� ZDV� SDUWLDOO\� DGGUHVVHG� E\�
LPSOHPHQWLQJ� D� /('�OLJKW� WKDW� LQGLFDWHG� ZKHQ� D� WDJ� ZDV�
SRVLWLYHO\�LGHQWLILHG�E\�WKH�5),'�UHDGHU��
�
0RYHPHQW�ZLWK�'LIIHUHQW�6W\OHV�
7KH� WKLUG� DQG� ILQDO� LPSOHPHQWDWLRQ� IRFXVHG� HYHQ�PRUH�RQ�
WKH� LQWHUDFWLRQ� DQG� LQWHJUDWLRQ� SDUW�� DQG� H[SORUHG� WKLV�
WKURXJK� EURDGHU� LWHUDWLRQV� RI� H[SORUDWLRQ� DQG� SURWRW\SLQJ��
DJDLQ� DWWHPSWLQJ� WR� DGGUHVV� D� UHDOLVWLF� XVH� FDVH� RI�
FRQWUROOLQJ� WKH� PRYHPHQW� RI� DQ� DXWRQRPRXV� YDFXXP�
FOHDQLQJ�URERW��
,Q�WKLV�VWHS��ZH�XVHG�WKH�5RRPED�&UHDWRU�SODWIRUP��L%XWWRQ�
WHFKQRORJ\�� DQG� D� 9LOLY� 6�� 0,'� GHYLFH� UXQQLQJ� -DYD��
'LIIHUHQW� VRUWV�RI� L%XWWRQ�WDJV�ZHUH� FUHDWHG�� HDFK� FRXSOHG�
WR� GLIIHUHQW� EHKDYLRXUDO� DVSHFWV�� H�J�� ÄVSLUDO� GULYLQJெ��
ÄVZHHSLQJ� PRGHெ�� ÄIROORZ� ZDOOெ�� ÄUDQGRP�PRGHெ�� ÄIDVWHUெ��
DQG�ÄVORZHUெ��$WWDFKLQJ�DQG�FRPELQLQJ� WKHVH� WDJV� UHVXOWHG�
LQ�GLIIHUHQW�EHKDYLRXUV�RI�WKH�5RRPED���
$�TXLFN�DQDO\VLV�ILUVW�RI�DOO�UHYHDOHG�WKH�LPSRUWDQFH�RI�WKH�
VXUURXQGLQJV�DQG�FRQWH[W��ZDOO�IROORZLQJ�LQ�DQ�HPSW\�URRP�
UHVXOWHG� LQ� WRWDOO\� GLIIHUHQW� EHKDYLRXU� WKDQ�ZDOO�IROORZLQJ�
LQ� D� IXUQLVKHG� URRP�� ,Q� DGGLWLRQ�� WKH� EXLOGLQJ� EORFNV� IRU�
SURJUDPPLQJ� EHKDYLRXUDO� DVSHFWV� DSSHDUHG� VNHZHG��:LWK�
WDJV� OLNH� ÄIROORZ�ZDOOெ�� RQH� ZRXOG� SURJUDP� D� PRUH� IXOO�
EHKDYLRXU�RI�WKH�URERW��\HW�WKLV�EHKDYLRXU�LV�QRW�SRVVLEOH�LQ�
D� FOXWWHUHG� URRP�� ,QVWHDG�� WDJV� VKRXOG� LPSO\� PRYHPHQW�
FKDUDFWHULVWLFV�� VXFK� DV� ÄVWD\� FORVH� WR�REMHFWVெ� RU� ÄGULYH� LQ�
FLUFOHVெ�� ZKLFK�ZRXOG� LQFUHDVH� WKH�PDSSLQJ� EHWZHHQ� XVHU�
XQGHUVWDQGLQJ�DQG�HIIHFWLYH�EHKDYLRXU��8VLQJ�D�ÄVWD\�FORVH�
WR�REMHFWVெ� WDJ�� WKH� URERW� ORJLFDOO\� IROORZV�ERWK�ZDOOV� DQG�
VRIDV��
,Q� WKH� ILQDO� LPSOHPHQWDWLRQ�� WKHVH� FRQFUHWH� PRYHPHQW�
FKDUDFWHULVWLFV� ZHUH� LPSOHPHQWHG� XVLQJ� L%XWWRQ�HTXLSSHG�
IODJV�WKDW�FRXOG�EH�DWWDFKHG�WR�WKH�5RRPED�YLD�D�PDJQHWLF�
FRQQHFWRU� �)LJXUH� ����� ,Q� DGGLWLRQ� ZH� FUHDWHG� WKUHH�
ÄGUHVVHVெ� WKDW� ZRXOG� VLJQLI\� PRUH� JRYHUQLQJ� SHUVRQDOLWLHV�
RI� WKH� 5RRPED�� /HDUQLQJ� WKURXJK� GRLQJ� ZDV� D� NH\� WR�

�����������������������������������������������������������
��KWWS���ZZZ�PD[LP�LF�FRP�SURGXFWV�LEXWWRQ��
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XQGHUVWDQG�WKLV�SDUWLFXODU�PDSSLQJ� LVVXH��)RU�LQVWDQFH��WKH�
ÄSLQNெ� SHUVRQDOLW\� LQ� FRPELQDWLRQ� ZLWK� WKH� ÄVWD\� FORVH� WR�
REMHFWVெ� IODJ� UHVXOWHG� LQ� ZLOG� ÄREMHFW� WUDFLQJெ�PRYHPHQWV��
6HHLQJ�WKLV�EHKDYLRXU�WKHQ�DOORZHG�WKH�XVHU�WR�SUHGLFW�WKDW�
WKH�VDPH�GUHVV�ZLWK�WKH�ÄGULYH�LQ�FLUFOHVெ�IODJ�ZRXOG�UHVXOW�
LQ�ZLOG��FLUFXODU�EHKDYLRXU��%HVLGHV�DOORZLQJ�XV�WR�H[SORUH�
WKH�$FW'UHVVHV� FRQFHSW�� WKLV� LPSOHPHQWDWLRQ� DOVR� JDYH� XV�
SUDFWLFDO� LQVLJKWV� LQWR� KXPDQ�URERW� LQWHUDFWLRQ� WKURXJK�
FKDQJLQJ�DSSHDUDQFH���
�
'(6,*1�&+$//$1*(6�
)ROORZLQJ�XS�RQ� WKH� LPSOHPHQWDWLRQV�ZH�KHUH�SUHVHQW� WKH�
PDLQ� GHVLJQ� FKDOOHQJHV� WKDW� ZH� IRXQG� DQG� UHODWH� WKHP� WR�
WKUHH�GLPHQVLRQV�WKDW�IRUP�D�GHVLJQ�VSDFH�IRU�$FW'UHVVHV��
7KHVH� ZLOO� UHTXLUH� IXUWKHU� HODERUDWLRQ� DQG� H[SORUDWLRQ� LQ�
FUHDWLQJ�D�IUDPHZRUN�IRU�WKH�FRQFHSW��EXW�FDQ�EH�XVHG�DV�D�
VWDUWLQJ� SRLQW� IRU� FRPSLOLQJ� WKH� UHVXOWV�� 7KH� XVH� TXDOLWLHV�
WKDW�ZH�ZLOO� IROORZ�XS� RQ� KHUH� FRQFHUQ� DVSHFWV� UHODWHG� WR�
SK\VLFDOLW\��YLVLELOLW\��DQG�PRGXODULW\��,Q�SDUWLFXODU�ZH�ZLOO�
IRFXV� RQ� WHQVLRQV� EHWZHHQ� WKH� LQLWLDO� VFHQDULRV� DQG� DFWXDO�
LPSOHPHQWDWLRQV��
��
3K\VLFDOLW\�
1DWXUDOO\��SK\VLFDO�REMHFWV�FDQQRW�HDVLO\�EH�FRSLHG��VFDOHG��
GHOHWHG��$�GLUHFW�PDSSLQJ�EHWZHHQ�ZKDW�ZLOO�KDSSHQ�WR�WKH�
REMHFW�WKDW�DQ�LWHP�LV�DWWDFKHG�WR�PHDQV�WKDW�WKH�SRVVLELOLWLHV�
WR�VFDOH�XS� WKH� V\VWHP�ZLWK� ODUJHU�DPRXQWV�RI�REMHFWV�DQG�
EHKDYLRXUV�LV�UHVWULFWHG��7KXV��WXUQLQJ�ÄSURJUDPPLQJ�FRGHெ�

LQWR�SK\VLFDO� IRUP� LV� QRW� MXVW� DQRWKHU�ZD\�RI� UHSUHVHQWLQJ�
FRQYHQWLRQDO�FRPSXWDWLRQDO�LQVWUXFWLRQV���
3K\VLFDO�FRQVWUDLQWV�FDQ�EH�XVHG�DV�D� UHVRXUFH�IRU�JXLGLQJ�
PDQLSXODWLRQ�� PDNLQJ� LW� PRUH� LQWXLWLYH� �H�J�� WKURXJK� WKH�
SULQFLSOH�RI�WRNHQV�DQG�FRQVWUDLQWV�>��@���:LWK�WKH�ZLUHOHVV�
DSSURDFK� XVLQJ� 5),'� ZH� IRXQG� WKDW� DOWKRXJK� WKH�
WHFKQRORJ\� LWVHOI� ZDV� ZLUHOHVV�� WDJV� VWLOO� EHFDPH�
³FRQQHFWHG´� E\� WKH� IXQGDPHQWDO� LPSOLFDWLRQ� RI� KDYLQJ�
WKHP� LQ� WKH� LPPHGLDWH� FRQWH[W�� &RPSDUHG� WR� ZLUHG�
VROXWLRQV� WKLV� RIIHUHG� PRUH� IUHHGRP� LQ� WKH� VHQVH� WKDW� ZH�
ZHUH�DEOH�WR�H[SORUH�D�YDULHW\�RI�PDWHULDOV�IRU�DWWDFKLQJ�WKH�
WDJV�� )RU� LQVWDQFH� ZH� H[SHULPHQWHG� ZLWK� YHOFUR�� PDJQHWV�
DQG�VQDS�EXWWRQV���
,Q� WKH� FDVH� RI� XVLQJ� D� ZLUHG� VROXWLRQ� �H�J�� L%XWWRQV��� LW�
LPSOLHV� WKDW�SK\VLFDO�ÄVRFNHWVெ�UHVWULFWV�SRVLWLRQLQJ�RI� WDJV�
ZKHUHDV� WKH� ZLUHOHVV� VROXWLRQ� FDQ� EH� GHVLJQHG� WR� EH� ERWK�
IUHH� DQG� ÄVRFNHWHGெ�� 2Q� WKH� RWKHU� KDQG�� D� SK\VLFDO�
ÄFRQWUDFWெ�LQ�WKH�IRUP�RI�D�SK\VLFDO�ZLUH�ZRXOG�IRU�LQVWDQFH�
JLYH�D�VXEWOH�ÄHQDEOHG�GLVDEOHGெ�WHOO�ZKHUHDV�WKH�PRUH�IUHH�
ZLUHOHVV�WDJ�HQWHUV�RU�OHDYHV�DQ�LQYLVLEOH�IULFWLRQOHVV�VSDFH��
7KLV� IDFW� DSSHDUV� WR� VSHDN� LQ� IDYRXU� RI� GLUHFW� FRQWDFW�
WHFKQRORJLHV�� )XUWKHUPRUH�� D� ILQDO� GHVLJQ� FKDOOHQJH� ZLWK�
UHVSHFW� WR� SK\VLFDOLW\� LV� WR� NHHS� LQ�PLQG� WKDW� URERWV� RIWHQ�
PRYH�DURXQG��)RU�LQVWDQFH�ZH�QRWLFHG�RQ�VHYHUDO�RFFDVLRQV�
WKDW�$FW'UHVVHV� WHQG� WR� IDOO� RII� RU� GLVFRQQHFW� DV� WKH� URERW�
EXPSHG�LQWR�WKLQJV�����
2QH� LVVXH�� ZKLFK� KDG� DOUHDG\� RFFXUUHG� LQ� VHYHUDO�
SURWRW\SHV�EXW�EHFDPH�HYHQ�PRUH�DSSDUHQW�LQ�WKH�ODVW�FDVH��
ZDV�WKH�QRWRULRXV�GLIILFXOW\�WR�FKDQJH�EHKDYLRXU�RQ�WKH�IO\��
:KLOH� WKH� URERW� ZDV� GULYLQJ� DURXQG� WKH� URRP�� LW� ZDV�
GLIILFXOW� WR� FDWFK� LW� DQG� FKDQJH� WKH� IODJV� DQG� FRYHU�� 7KLV�
LQVLJKW�PDGH�XV�LPSOHPHQW�D�IXOO�VWRS�ZKHQ�WKH�URERW�ZDV�
OLIWHG� IURP� WKH� IORRU� DQG� LW� LQGLFDWHV� DQ� LPSRUWDQW� GHVLJQ�
FRQVLGHUDWLRQ��WKDW�LV�GLUHFWO\�GUDZQ�IURP�WKH�EDVLF�SURSHUW\�
RI�SK\VLFDOLW\��2WKHU�VROXWLRQV�IRU� WKLV�FKDOOHQJH�FRXOG�IRU�
LQVWDQFH�EH� WR�HQDEOH� WKH�URERW�WR�VHQVH�D�FHUWDLQ�SUHVHQFH�
RU� DW� OHDVW� WR� KDYH� D� ZD\� WR� SDXVH� WKH� PRYHPHQW�
PRPHQWDULO\�LQ�RUGHU�WR�DOORZ�SK\VLFDO�PDQLSXODWLRQ��
�
9LVLELOLW\�
)URP�RXU� H[SORUDWLRQV�ZH�ZHUH� UHPLQGHG� WKDW�PHDQLQJ� LV�
DOZD\V� LQ� WKH�PDNLQJ�DQG� WKDW� WKH�YLVXDO�DSSHDUDQFH�PXVW�
UHIOHFW�DQ�REVHUYHG�EHKDYLRXU�LQ�RUGHU�WR�EH�SUHGLFWDEOH��$V�
LOOXVWUDWHG�LQ�WKH�IRXU�LQWHUDFWLRQ�VFHQDULRV��SURJUDP�DFWLRQV�
FRXOG�EH�YLVXDOO\�PDQLIHVWHG� LQ�D� UDQJH�RI�GLIIHUHQW�ZD\V��
DQG�WKH�VKDSHV�DQG�IRUPV�WKDW�WKH�GLIIHUHQW�UHSUHVHQWDWLRQV�
FRXOG� LQFOXGH� D� QHDU�WR�LQILQLWH� DPRXQW� RI� RSWLRQV� DQG�
YDULDWLRQV��7KH�GHVLJQ�VSDFH�DOVR�UDQJHV�FRQFHSWXDOO\�IURP�
YLVXDO� UHSUHVHQWDWLRQV�RI� IXOO�SHUVRQD� FRVWXPHV� WR�GHWDLOHG�
KDUGZDUH�LQVWUXFWLRQV���
7KDW�REMHFWV�DUH�YLVLEOH�LV�WKXV�LPSRUWDQW��EXW�LW�DOVR�EULQJV�
DORQJ� D� QXPEHU� RI� GHVLJQ� FKDOOHQJHV�� )RU� LQVWDQFH�� ZKHQ�
DWWDFKLQJ� VHYHUDO� VLJQV� RU� ODEHOV� WR� WKH� VDPH� REMHFW�� D�
FRQVHTXHQFH�PD\�EH�WKDW�WKH\�REVFXUH�WKH�REMHFW��VR�WKDW�LW�

�
)LJXUH� ���� $FW'UHVVHV� IRU� 5RRPED�� 7KH� XVHU� FKDQJHV�
IODJV�DWWDFKp�WR�WKH�URERW�WR�FKDQJH�WKH�SDWWHUQV�RU�SDWKV�
LQ�ZKLFK�LW�PRYHV��&RYHUV�LQ�GLIIHUHQW�VW\OHV�DUH�XVHG�WR�
PRGLI\�WKH�ZD\V�LQ�ZKLFK�WKLV�PRYHPHQW�LV�SHUIRUPHG��
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LV�GLIILFXOW� WR�FOHDUO\� VHH� WKH�REMHFW�XQGHUQHDWK��7KH� LWHPV�
WKHPVHOYHV�FRXOG�DOVR�RYHUODS�DQG�REVFXUH�HDFK�RWKHU��
7KH�UROH�RI�DSSHDUDQFH�LV�SHUKDSV�RQH�RI�WKH�PRUH�REYLRXV�
DVSHFWV� RI� WKLV�� DV� WKH� LWHPV�PD\�ZRUN� VLPXOWDQHRXVO\� DV�
FRQWUROV� RQ� RQH� KDQG� DQG� DV� D� IRUP� RI� GHFRUDWLRQ� RQ� WKH�
RWKHU��,Q�WKH�VHFRQG�LPSOHPHQWDWLRQ�ZH�VDZ�WKDW�WKH�URERW�
VRPHWLPHV�IDLOHG�WR�UHFRJQLVH�DWWDFKHG�WDJV�WKXV�PDNLQJ�LW�
HLWKHU� XQSUHGLFWDEOH� RU� LQFRPSUHKHQVLYH� GHSHQGLQJ� RQ�
ZKLFK� VWDQFH�ZH� DVVXPH��'HYHORSLQJ� D� VWDEOH� VROXWLRQ� VR�
WKDW� ZKDW� LV� VHHQ� RU� YLVLEOH� PDSV� UHOLDEO\� ZLWK� ZKDW� LV�
DFWXDOO\� KDSSHQLQJ� LQ� WKH� URERW� VRIWZDUH� LV� WKXV� D�
IXQGDPHQWDO�DVSHFW�RI�WKLV�GHVLJQ�FKDOOHQJH��
�
0RGXODULW\�
&UHDWLQJ� SURJUDPV� E\� SXWWLQJ� WRJHWKHU� H[LVWLQJ� SLHFHV� RI�
FRGH� LQWR� QHZ� DUUDQJHPHQWV� UHODWHV� WR� FRPPRQ� SRSXODU�
SUDFWLFHV� RI� VRIWZDUH� GHYHORSPHQW�� H�J��� WKH� XVH� RI� FODVV�
OLEUDULHV�� LQWHUIDFH� ZLGJHWV�� DQG� RSHQ� VRXUFH�
PHWKRGRORJLHV�� (VSHFLDOO\� LQ� HGXFDWLRQDO� VHWWLQJV� DQG� IRU�
QRYLFH�SURJUDPPHUV�� VXFK� KLJKHU�OHYHO�PRGHV�RI�SURJUDP�
FRQVWUXFWLRQ� KDYH� EHHQ� IRXQG� SDUWLFXODUO\� XVHIXO�� 7KLV�
GHVLJQ�FRQFHSW�LV�VLPLODUO\�EDVHG�RQ�D�IRUP�RI�ÄKLJK�OHYHOெ�
SURJUDPPLQJ�� LQ� ZKLFK� GHWDLOHG� DOJRULWKPLF� GHWDLO� LV�
KLGGHQ�IURP�WKH�XVHU���
+RZHYHU�� WKLV� DOVR� HQWDLOV� VHYHUDO� FKDOOHQJHV� VSHFLILF� WR�
WKRVH� ZKR� LQWHQG� WR� GHVLJQ� VXFK� FROOHFWLRQV� RI�
SURJUDPPLQJ� LWHPV�� $V� ZLWK� DQ\� IRUP� RI� SURJUDPPLQJ�
EDVHG�RQ�SLHFHV�RI�FRGHV�WKDW�VKRXOG�EH�SRVVLEOH�WR�FRPELQH�
LQ�D�YDULHW\�RI�ZD\V��FKDOOHQJHV�FRPH�UHODWHG�WR�PRGXODULW\��
2QH� LPSRUWDQW� DVSHFW� LV� WR� PDNH� HIIHFWLYH� XVH� RI� WKH�
FRPSRVLWLRQDO� SURSHUWLHV� RIIHUHG� E\� WKH� SK\VLFDO�
PDQLIHVWDWLRQ� RI� DQ� $FW'UHVV�� 7KLV� GLPHQVLRQ� LV� FORVHO\�
UHODWHG� WR� V\VWHP� LQWHJUDWLRQ� DQG� KRZ� WKH� SK\VLFDO�
PDQLSXODWLRQ� FDQ� EH� PLUURUHG� VRIWZDUH�ZLVH�� $Q\�
LQGLYLGXDO� LWHP� FRXOG� EHORQJ� WR� D� VHW� �FRPSOHPHQWDU\�� RU�
EH� FRPELQHG�ZLWK� RWKHU� LWHPV� �OLQNHG���$Q� LWHP� FDQ� EH� D�
FRQWDLQHU�IRU�RWKHU�LWHPV�RU�ILW�LQWR�DQRWKHU�FRQWDLQHU��H�J��D�
SRFNHW��� $Q� LWHP� FDQ� KDYH� VHTXHQWLDO� DIIRUGDQFHV� �H�J��
OLQNV�� FKDLQV�� VQDS�RQ�� ORRSV�� RU� FRQFXUUHQW� �H�J�� EDGJHV���
7KDW�LV�WR�VD\��DQ\�UHODWLRQVKLS�EHWZHHQ�LWHPV�PXVW�PDS�WR�
D�UHODWLRQVKLS�EHWZHHQ�DVSHFWV�RI�EHKDYLRXUV��
,Q� RXU� VHFRQG� DQG� WKLUG� LPSOHPHQWDWLRQ� ZH� VDZ� WKDW� WKH�
URERWV�TXLWH�VXFFHVVIXOO\�PDQDJHG�WR�FRPELQH�WKH�GLIIHUHQW�
LQVWUXFWLRQV� LQWR� FRPSUHKHQVLEOH� EHKDYLRXUV�� 0RUH�
VSHFLILFDOO\�� WKLV� FRQFHUQHG� DVSHFWV� RI� SURJUDP� RUGHU� DQG�
FRQFXUUHQF\�� DQG� ZKHWKHU� FHUWDLQ� VLJQV� VKRXOG� EH� JLYHQ�
KLJKHU� SULRULW\� WKDQ� RWKHUV� DW� WKH� PRPHQW� RI� H[HFXWLRQ��
)XUWKHUPRUH�ZH�VDZ�WKDW�GLIIHUHQW�W\SHV�RI�VLJQV�DSSHDUHG�
WR� EH� GLIIHUHQW� FODVVHV� RI� EHKDYLRXU� H�J�� SHUVRQDOLWLHV� DQG�
PRGHV�DV�GHVFULEHG�LQ�WKH�WKLUG�LPSOHPHQWDWLRQ����
�
',6&866,21�
,Q� RXU� LQLWLDO� H[SORUDWLRQV� RI� $FW'UHVVHV� DV� D� GHVLJQ�
FRQFHSW�� ZH� DQWLFLSDWHG� H[SORULQJ� XVHU�IULHQGO\� ZD\V� RI�
FRQWUROOLQJ�LQWHUDFWLYH�GHYLFHV�E\�SK\VLFDO�PHDQV��/RRNLQJ�

DW� WKH� VSHFLILF� H[SORUDWLRQV� FRQGXFWHG� KHUH�� LQFOXGLQJ� WKH�
WKUHH�LPSOHPHQWDWLRQV��ZH�FRQFOXGH�WKDW�D�NH\�LVVXH�LQ�WKH�
LQWHUDFWLRQ� LV� WKH� PRYHPHQW� RI� WKH� URERW� ZKLOH� WU\LQJ� WR�
DWWDFK�RU�FKDQJH�SK\VLFDO�WDJV���
$QRWKHU�GLIILFXOW\�LV�UHODWHG�WR�KRZ�LQWHUDFWLRQ�DQG�FRQWH[W�
XQIROG�RYHU� WLPH��$�SDUW�RI�WKLV�SUREOHP�FDQ�EH�UHODWHG�WR�
/XF\�6XFKPDQெV�GLOHPPD�RI�ORRNLQJ�DW�ÄSODQV�DQG�VLWXDWHG�
DFWLRQVெ�� D� URERW� LV� LQGHHG� VLWXDWHG� DQG� WKH� DSSHDUDQFH� DV�
ZHOO�DV�WKH�EHKDYLRXU�PXVW�WKHUHIRUH�DFFRXQW�IRU�WKLV�>��@��
5HDOLVLQJ� WKH� LPSOLFDWLRQV� IRU� WKLV� IXQGDPHQWDO� SULQFLSOH�
PDNH�LW�SRVVLEOH�WR�TXLFNO\�DVVHUW�DQ\�WHQGHQF\�RI�YLRODWLRQ��
,Q�SDUWLFXODU�WKH�ILUVW�WZR�GHVLJQ�VFHQDULRV�DQG�WKH�ILUVW�WZR�
LPSOHPHQWDWLRQV� VKRZ� VXFK� WHQGHQFLHV�� 7KH� DSSURDFK� ZH�
XVHG�ZDV�WR�DFFRXQW�IRU�FRQWH[W�H�J��E\�XVLQJ�%UDLWHQEHUJெV�
SULQFLSOHV� >�@� DV� SHUVRQDOLW\� �H�J�� KHVLWDQW� RU� DJJUHVVLYH��
DQG�FRPELQH�WKHVH�WRJHWKHU�ZLWK�PRUH�FRQFUHWH�PRYHPHQW�
FKDUDFWHULVWLFV��H�J��PRYLQJ�VZLUO\�RU�ZDOO�IROORZLQJ�����
)XUWKHUPRUH�� WKH� TXDOLWLHV� RIIHUHG� E\� SK\VLFDOO\� VLJQLILHG�
PHDQV� RI� LQWHUDFWLQJ� PLJKW� VWLOO� RXWZHLJK� H�J�� YRFDO�
FRPPDQGV�� EHFDXVH� RI� LWV� FRPSOHPHQWDU\� IXQFWLRQV����
0DQ\� FXOWXUDO� DQG� VRFLDO� DVSHFWV� WKDW� WKH� $FW'UHVVHV�
FRQFHSW� EULQJV� WR� WKH� WDEOH� UHJDUG� VXEWOH� EXW� LQWHUHVWLQJ�
TXDOLWLHV�VXFK�DV�DJLQJ��JHQGHU��VRFLDO�VWDWXV��LQWHUHVWV��HWF��
�
&21&/86,216�$1'�)8785(�:25.�
:H� KDYH� SUHVHQWHG� IRXU� GHVLJQ� VFHQDULRV� DQG� WKUHH�
LPSOHPHQWDWLRQV� EDVHG� RQ� WKH� FRQFHSW� RI� XVLQJ� SK\VLFDO�
FORWKLQJ�� ODEHOV�� DQG� DFFHVVRULHV� IRU� LQWHUDFWLQJ� ZLWK� DQG�
FRQWUROOLQJ�URERWLF�GHYLFHV��,Q�WKLV�VHW�RI�H[SORUDWLRQV�IRFXV�
ZDV� RQ� WKH� VLPSOLVWLF� DFW� RI� VSHFLI\LQJ� WKH� PRYHPHQW�
SDWWHUQV� RI� DXWRQRPRXVO\� PRYLQJ� URERWLF� DUWHIDFWV�� 7KH�
ZRUN� LV� PRWLYDWHG� E\� H[LVWLQJ� SUDFWLFHV� RI� SK\VLFDO�
FXVWRPLVDWLRQ� RI� HOHFWURQLF� GHYLFHV�� WKH� FXUUHQW� WUHQG�
WRZDUGV� FRPPHUFLDO� SURGXFWV� ZLWK� LQFUHDVLQJO\� DGYDQFHG�
FRQWURO�PHFKDQLVPV�� DQG� H[SHULHQFHV� IURP� WKH� GRPDLQ� RI�
HQG�XVHU�SURJUDPPLQJ��$FFHVVRUL]LQJ�LV�RQH�VXFK�H[DPSOH��
DQG� WKH� FRQFHSW�RI�$FW'UHVVHV� FRXOG�EH� WKRXJKW�RI� DV� WKH�
FRUUHVSRQGLQJ� LQWHUIDFH� WKDW� FDSWXUHV� WKDW� SUDFWLFH� LQ� D�
EULGJH�EHWZHHQ�SK\VLFDO�DQG�GLJLWDO��
,Q� GHYHORSLQJ� QHZ�ZD\V� RI� FRQWUROOLQJ�� SURJUDPPLQJ� DQG�
SUHGLFWLQJ� WKH�EHKDYLRXU�RI�SK\VLFDO�FRQVXPHU�SURGXFWV�� D�
GHHSHU�XQGHUVWDQGLQJ�RI�WKH�IXQGDPHQWDO�WKHRULHV�H[SORUHG�
LQ�WKHVH�DQG�RWKHU�ILHOGV�PD\�KROG�IXUWKHU�EHQHILWV��3URMHFWV�
OLNH� WKHVH�VXJJHVW� IXUWKHU�SRWHQWLDO� LQ�XVLQJ� ORRVH�SK\VLFDO�
LWHPV�� VXFK� DV� JDUPHQWV�� MHZHOOHU\� DQG� YLVXDO� VLJQV� DV�
UHVRXUFHV� IRU� FRQWUROOLQJ�� UHDGLQJ� DQG� SUHGLFWLQJ� WKH�
EHKDYLRXU� RI� SK\VLFDO� FRPSXWLQJ� V\VWHPV�� +RZHYHU�� DOO�
H[SORUDWLRQV�SUHVHQWHG�LQ�WKLV�SDSHU�ZHUH�IDLUO\�WHFKQLFDO�LQ�
QDWXUH��DQG�PXFK�PRUH�IRFXV�FRXOG�EH�JLYHQ�WRZDUGV�KRZ�
WKH�FRQFHSW�FRXOG�ZRUN�LQ�D�FHUWDLQ�SUDFWLFH��WR�RIIHU�PRUH�
VXSSRUW�IRU�FUHDWLYLW\��IRU�SOD\��DQG�IRU�SHUVRQDO�H[SUHVVLRQ�
LQ�D�VRFLDO�FRQWH[W��
7KLV�ZRUN�DOVR�LOOXVWUDWHV�WKH�QHFHVVLW\�WR�FRQVLGHU�SK\VLFDO�
VKDSH�� EHKDYLRXU� FDSDELOLWLHV�� DQG� LQWHUDFWLRQ� PRGDOLWLHV�
WRJHWKHU��JURXQGHG�ERWK�LQ�H[LVWLQJ�XVH�SDWWHUQV��VKDSH�DQG�
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FDSDELOLWLHV�RI�WKH�UHVSHFWLYH�SODWIRUP��7KDW�EHLQJ�VDLG��WKH�
WUXWK�LV�WKDW�WKH�FRQFHSW�LV�VWLOO�YHU\�PXFK�RSHQ�LQ�WKH�VHQVH�
WKDW�LW�LV�LPSRVVLEOH�WR�SUHGLFW�KRZ�LW�XOWLPDWHO\�XQIROGV���
,Q� D� UHFHQWO\� VWDUWHG� SDUDOOHO� SURMHFW� ZH� KDYH� EHJXQ� WR�
H[SORUH�WKLV�FRQFHSW�LQ�\HW�DQRWKHU�GRPDLQ��QDPHO\�PRELOH�
SKRQHV��7KH�PRELOH�YHUVLRQ�EXLOGV�RQ�WKH�VDPH�UHDOLVDWLRQ�±�
WKDW�SHRSOH�DOUHDG\�GR�DFFHVVRULVH�WKHLU�SHUVRQDO�KDQGKHOGV��
7KH�JHQHUDO�LGHD�LV�WR�OHW�WKLV�SUDFWLFH�DIIHFW�WKH�VRIWZDUH�E\�
HQDEOLQJ�H�J��YLVXDO�WKHPHV��PHGLD�DQG�JDPHV�DV�VKHOOV�DQG�
MHZHOU\�JHW�DWWDFKHG�WR�WKH�GHYLFHV���
$FW'UHVVHV�LV�DQ�HQDEOLQJ�FRQFHSW�DQG�LW�JHQHUDWHV�IDU�PRUH�
LGHDV��VFHQDULRV�DQG�LPSOHPHQWDWLRQV�WKDQ�ZH�FDQ�SRVVLEO\�
H[SORUH�DORQH��:H�KRSH�WR�VHH�PRUH�H[DPSOHV�RI�WKLV�W\SH�
RI� LQWHUDFWLRQ� LQ� WKH� IXWXUH� DQG� WRJHWKHU� ZRUN� WRZDUGV� D�
SURSHU� IUDPHZRUN� DQG� UHFODLP� FRQWURO� RYHU� QRW� RQO\�
DSSHDUDQFH�EXW�DOVR�RYHU�DFWLRQ�DQG�LQ�SDUWLFXODU�SHUFHLYHG�
DFWLRQ��
�
$&.12:/('*0(176�
7KLV�ZRUN�ZDV�FRQGXFWHG�DV�SDUW�RI�WKH�(8�IXQGHG�SURMHFW�
/,5(&��/LYLQJ�ZLWK�5RERWV�DQG� ,QWHUDFWLYH�&RPSDQLRQV���
,PSRUWDQW� SDUWV� RI� WKLV� ZRUN� ZDV� FRQGXFWHG� E\� EDFKHORU�
VWXGHQWV�9LFWRU�/XTXH�DQG�-RKDQ�6XQGLQ�ZKR�ZRUNHG�ZLWK�
GHYHORSLQJ�WKH�6TXDUHGDQFHU��
�
5()(5(1&(6�
��� %HQIRUG�� 6��� 6FKQDGHOEDFK��+��� .ROHYD�� %��� $QDVWDVL��

5���*UHHQKDOJK��&���5RGGHQ��7���*UHHQ�� -���*KDOL��$���
3ULGPRUH�� 7��� *DYHU�� %��� %RXFKHU�� $��� :DONHU�� %���
3HQQLQJWRQ��6���6FKPLGW��$���*HOOHUVHQ��+���DQG�6WHHG��
$�� �������� ([SHFWHG�� VHQVHG�� DQG� GHVLUHG�� $�
IUDPHZRUN� IRU� GHVLJQLQJ� VHQVLQJ�EDVHG� LQWHUDFWLRQ��
$&0�7UDQV��&RPSXW��+XP�� ,QWHUDFW����������������S��
������

��� %ODFNZHOO�� $�)�� �������� *HQGHU� LQ� 'RPHVWLF�
3URJUDPPLQJ��IURP�%ULFRODJH�WR�6pDQFHV�G¶(VVD\DJH��
LQ� &+,
����� ZRUNVKRS� RQ� (QG� 8VHU� 6RIWZDUH�
(QJLQHHULQJ��

��� %UDLWHQEHUJ�� 9�� �������� 9HKLFOHV�� ([SHULPHQWV� LQ�
V\QWKHWLF�SV\FRORJ\��������&DPEULGJH��0DVVDFKXVHWWV��
0,7�3UHVV��

��� &KDQGOHU�� '�� �������� 6HPLRWLFV�� 7KH� %DVLFV�� ������
/RQGRQ��5RXWOHGJH��

��� 'L6DOYR��&�)���*HPSHUOH��)���)RUOL]]L��-���DQG�.LHVOHU��
6�� �������� $OO� 5RERWV� $UH� 1RW� &UHDWHG� (TXDO�� 7KH�
'HVLJQ� DQG� 3HUFHSWLRQ� RI� +XPDQRLG� 5RERW� +HDGV��
3URF��RI�',6������$&0�3UHVV�

��� 'MDMDGLQLQJUDW�� 7��� :HQVYHHQ�� 6��� )UHQV�� -��� DQG�
2YHUEHHNH��.�� ��������7DQJLEOH� SURGXFWV�� UHGUHVVLQJ�
WKH�EDODQFH�EHWZHHQ�DSSHDUDQFH�DQG�DFWLRQ��3HUVRQDO�
8ELTXLWRXV�&RPSXW���������������S�����������

��� )HUQDHXV�� <�� DQG� -DFREVVRQ�� 0�� �������� &RPLFV��
5RERWV�� )DVKLRQ� DQG� 3URJUDPPLQJ�� RXWOLQLQJ� WKH�
FRQFHSW�RI�DFW'UHVVHV��3URF��RI�7(,
����$&0�

��� )UHL�� 3��� 6X�� 9��� 0LNKDN�� %��� DQG� ,VKLL�� +�� ��������
&XUO\ERW�� GHVLJQLQJ� D� QHZ� FODVV� RI� FRPSXWDWLRQDO�
WR\V��3URF��RI�&+,
����$&0�3UHVV�S�����������

��� -DFREVVRQ��0�� ��������3OD\��%HOLHI� DQG� 6WRULHV� DERXW�
5RERWV��$�&DVH�6WXG\�RI�D�3OHR�%ORJJLQJ�&RPPXQLW\�
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