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ABSTRACT
The human body is capable of very rich and complex movements and gestures which
we use in everyday life to manipulate, navigate and negotiate the world around us—it
is our interface for human experience. However, as technology advances it simultaneously shrinks, moving closer to our bodies, intertwining with the many facets of our
lives and positions itself between our experiences of the physical environments around
us. When utilizing these technological systems in the context of intense sporting
activities, this competition for our focus leads to problematic scenarios. In the best
case altering the aesthetic qualities of physical activity and in the worst case leaving
us vulnerable to perilous situations.
This constructive design research thesis aims to understand how design may be used
in relation to the body as part of an informative research approach to generate knowledge about how people actively engage with technology. This is deemed increasingly
important as the advancements in technological connectivity and its corresponding
trend in miniaturization, create a pervasive effect that beckons closer examination
and attention as these elements influence how we move. This is achieved by investigations conducted through studies in the area of extreme sports—specifically mountain
biking and climbing activities—with the purpose of deepening understanding about
human engagement with digital technologies situated within particular contexts.
This research explores how the body’s movements can be considered a material to
be worked with, designed and assessed in order to influence performance behaviour.
Overall, the thesis undertakes a mixed methods approach to addressing interaction
design issues within the context of movement. By advocating making as a generative
activity, this research produces a series of artifacts drawing from notions of embodiment that is used to ‘tease out’ knowledge, which is then reflected upon and iterated.
These corresponding artifacts embody and imbue designerly intention, subsequently
raising pertinent questions of what it means to be connected in an ever evolving digi-

8  |

Abstract

tal world, and how we can distinguish, address and begin to design for/with information realities relating to the natural and artificial.
Ultimately the thesis offers three main contributions to designers and researchers:
(1) the Stages of Performativity framework that serves to increase awareness of the
temporal aspects when designing for activities (2) A proposed model of the makers prototyping process and its corresponding seduction loop phenomenon (3) a series of
non-prescriptive artifacts intended to be aspirational such as the Blackbox, Heel Hook,
Morpheel, Griptile and Climbing Sleeve prototypes.
These contributions could be of particular interest to those intent on utilizing a maker
driven prototyping practice by primarily proposing a comprehensive account of the
transactions occurred during my prototyping process that is conducive to heightening
awareness and cognition towards athletes engaged in extreme sports. The hope is to
inspire an active role in designing experiences that enhance or support physical activities rather than impeding them.
In addition, this research approach advocates the unpacking or engagement with
technological materials as a means for extending understanding and defining their
functions, for the sake of employing them for thought provoking, prototyping endeavors. This is in an effort to challenge complex and seemingly established systems while
simultaneously providing a discourse in regards to the advancements of connected
technologies towards a more humanizing experience.
Finally, it is suggested that the probing of alternate realities by means of constructive
design exploration is an essential step towards sketching meaningful engagement,
when considering the role that we desire technology to play in our lives.

Abstract
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PREFACE
Research Scaffolding
This thesis is the culmination of four years of research within a doctoral studies framework at the Umeå Institute of Design in Northern Sweden and funded by the Interactive Institute Umeå (IIU) and the Stiftelsen för Strategisk Forskning (SSF) which
is a Foundation for Strategic Research that funds research from Science, Engineering
and Medicine. Additionally this project was also funded in part by the sketching
techniques for Interaction Designers in Industrial Environments project by Baltic
Design AB and supported by Research Institutes of Sweden (RISE).
While conducting this research, I have drawn upon, utilised and in many cases heavily relied on my 17 year background as a Designer. Before this PhD education I was
fortunate enough to study and graduate with a Masters of Interaction Design at the
Umeå Institute of Design and therefore this work seeks to further my curiosities
within the Interaction Design field.
During the last few decades, information technology (IT) has become an important
element of everyday life and unless one is living completely off ‘the grid’, something
people today all have to relate to. Not only are people constantly connected through
mobile technologies, but traditionally analogue, mechanical devices and machines
such as vehicles, refrigerators, and bikes are also being adapted with digital features,
wireless capabilities, and interactive behaviors. A number of pervasive networking
technologies such as Bluetooth, Wireless LAN, ZigBee, 3G, 4G, RFID, ANT, etc.,
are enabling this digitization of artifacts to communicate with one another. These
protocols coupled with the perpetual state of miniaturisation of technology are
changing the way we interact. As a consequence, we are increasingly experiencing our
world with, through, and by interactive artifacts.
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From the aspects of the somewhat overlapping research communities of Human-Computer Interaction (HCI) and Interaction Design (IxD), the primary fields of research
focused on the study and design of interaction between computers and people, these
rapid digital diversifications that have taken place during the last two decades demand
a number of inquiries whose reach the research community is finding perplexing. For
example, first, the concept of designing for user experience in relation to workplace
environments has been heavily examined over the years but usability for systems that
are intended to be used while we are in motion is something that needs due consideration. Secondly, recent trends surrounding pervasive, networked digital artifacts
that are designed to not only interact with each other but also harbor computational
power are exceedingly flourishing. These artifacts, systems and services find themselves being embedded in the environment rather than with human users and thus
further challenge established paradigms of interaction design practice.
This doctoral thesis is a sub-project to the Design of Engaging Information Technology (DEIT) program, funded by the Swedish Foundation for Strategic Research
initiated by Daniel Fällman and headed by Ambra Trotto of the Interactive Institute.
The DEIT Project can be described below as:
A project that attempts to take on a number of these ‘big challenges’ in the field
by conducting a number of hands-on, design-oriented, and prototype-generating interaction design projects in different application areas that in various
ways and from various perspectives seek to dig deeper into the role of engagement. In DEIT, it is argued that there is a substantial difference in complexity
between designing for usability and designing for user experiences. For the
latter, we must develop new guiding visions that provides us the means—the
ideas, theories, concepts, models, tools, and techniques—for revealing, analyzing, and discussing the rich human, social, cultural, ethical, moral, ecological, and political implications of these experiences and how they foster
new relationships between users, designers, artifacts, and contexts. We need
new concepts and tools for thinking that allow us to take a step back from the
technologies we develop and the direct, apparent effects they have on users and
their tasks. Implicitly or explicitly, information technology has typically been
designed to do things for us as users: to make our lives more convenient, to
automate tasks, to allow us to carry out tasks more efficiently, to free us from
geographical constraints, and to save our time. Based on contemporary thinking from the philosophy of technology as well as classical phenomenological
philosophy, DEIT however argues that a common denominator among successful information technology today—including the iPhone, the digital camera, YouTube, Facebook, and Twitter, among others—is that they in fact strive
to do the exact opposite. These technologies tend to engage rather than disengage both mind and body; they require effort, patience, and skill; they help
shape new relations between humans, artifacts, and world that draw us closer
to genuine places, people, and things. Hence, they are examples of information
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technologies designed for human engagement, involvement, and embodiment.
In this respect, The DEIT project draws heavily on the phenomenologically-influenced philosophies of technology of Don Ihde and Albert Borgmann.
The goal of the DEIT project is to develop a new design philosophy for information technology around the concepts of human engagement, involvement,
and embodiment and as an integrated part of the process of formulating this
design philosophy also develop a number of tangible, novel examples of new
kinds of information technologies designed and developed using these concepts as a guiding visions. As such, DEIT will form a ‘design program’ in
and around which a number of people will develop concrete, hands-on design
interventions. The results of these different sub-projects are then brought back
and analyzed and discussed in the larger DEIT framework.
In brief, DEIT seeks to:
1. Build new knowledge, methodologies, and techniques that establish a new
design philosophy for HCIxD based on human engagement, involvement, and
embodiment, rooted firmly in contemporary philosophy of technology, phenomenological philosophy, and design theory.
2. Develop a number of compelling software and hardware demonstrators using
this new design philosophy that showcase the various ways in which information technology can be designed to foster human engagement, involvement,
and embodiment. (Zarin & Fällman, 2012, pgs. 1-2)
This thesis is an important part of the DEIT framework, serving as one of the test
beds for the methodological framework, developing demonstrators showing how,
why, and if, information technology can be designed in such a way so that it fosters
engagement and involvement in the area of extreme sports.
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Context of Research Project
Interactive Institute Umeå (IIU) is an interaction design research studio focusing
on experimental, innovative interaction design for use by extreme users in extreme
environments. IIU specializes in interaction design in areas such as industrial environments, outdoor sports, and public installations. Organizationally, IIU belongs to
the Swedish ICT and RISE (research Institutes of Sweden) which seeks to combine
expertise in design research and methodology with deep technological know-how
to produce innovative new digital products, services, and environments that impact
academia, enterprise and more broadly – society. In recent years, IIU has carried out a
number of large interaction design projects with collaborators such as ABB Corporate
Research, SCA Obbola, Boliden AB, Komatsu Forest, BAE Systems Hägglunds AB,
Adopticum, Optronics, and ProcessIT Innovations. IIU is funded by Research Institutes of Sweden (formerly Swedish ICT Research AB), Swedish Foundation for Strategic Research, the Baltic Foundation, Umeå University, ABB Corporate Research,
Vinnova, and Process IT Innovations, and others.
The projects conducted at IIU are prototype-oriented, i.e. they generally seek to result
not only in new knowledge being produced but also in some kind of tangible artifact:
a new product, process, or environment. In order to cope with this, the studio is multidisciplinary by nature, and encompasses expertise in interaction design, human-computer interaction (HCI), computer science, information visualization, electronics
engineering, and industrial design. The studio is located at the Artistic Campus at
Umeå University, and collaborates closely with the lively and creative interaction
design and HCI community in Umeå, by connecting designers, researchers, postdocs, doctoral students, and master students with industry needs and opportunities
for collaboration. The contextual overlap at IIU between creative and research has
been an instrumental factor in channeling my efforts into the research area of HCISports, leading to numerous discussions with colleagues while affording a nurturing
environment to conduct my research with a great deal of organisational support.
The contributions of this thesis focuses on the expansion of current research through
design prototyping practices – examining the roles in which prototypes play in addition to a nuanced way of working with users and special interest communities with a
focus on designing for specific contexts. The hope is that this thesis will aid in broadening understanding of the role in which a making approach can play in interactive
systems by scaffolding upon constructive design methods to stimulate dialogue with
materials in order to craft and test ideas that inform the designerly thinking and
process. What this thesis does not do is discuss in any great detail the social aspects
involved in sports. While acknowledging that there are strong social systems and networks linked to performance and motivational factors, the thesis focuses mainly on
personal experiences through the use or description of specific explorations, projects
done within the realm of experience and tangibility in mind.
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Practical Information
It is my intention that this doctoral thesis is written to fulfill the academic format
within the field of design research. Having said that, I have designed this thesis to
have various entry points where one can see something of interest in the Table of
Contents and navigate directly to that chapter. This means that I have written the text
in such a way that it is not essential to read through this thesis progressively or in linear fashion in order to engage with the various topics presented in this body of work.
In addition, sprinkled throughout this thesis the reader will see these QR codes like
the one shown below within the various chapters.

www.fighterfish.com

Although I have endeavoured to articulate my research with descriptive text in a
printed thesis format, it is my opinion however, that for some experiments, concepts
and ideas-there is no sufficient replacement for the visual and temporal attributes of
video. Thus, these codes serve as an easy way for the reader to link to video and URL
content. To be able to access these videos and URL’s you will require a QR reading
app available through any of the popular app/play stores.
Please Download a QR app and happy scanning!
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1S T GE A R

GROUNDINGS
“Nothing ever becomes real
'til it is experienced.”
- JOHN KEATS -

CHAPTER 1
OVERVIEW
As technological advancements occupy an ever increasing range of aspects in our lives, computational devices
have shifted from being part of work and professional
life to also enveloping our most intense, exciting and
intimate activities. Such new genres of computational
devices, are often constantly worn rather than simply
used, and their pervasiveness allow for us to track,
enhance and relate to the well being and performance
aspects of our bodies. In contrast to the mostly feature rich developmental focus aspects surrounding the
technology itself, the purpose of this thesis is to foster
design ideas and approaches from the perspective of
experience and aesthetics in order to inquire how technology may be positioned to align with human experience while conducting sporting activities—without
depriving the athlete of the core attributes inherent to
the sport.
Over the past several decades, people have become
more reliant on technology in its various incarnations
of devices, infrastructures, systems and networks.
More recently the growth of which has led to a greater
focus on fitness activities and wellbeing; designed to
offset the negative attributes of a non-active lifestyle
brought about by increases in convenience and leisure
that were not enjoyed by previous generations. Additionally, consumer oriented manufacturers seem to be
concerned with pushing new and exciting features in
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an effort to position themselves higher in a volatile marketplace. However, as said
these functionalities sometimes discount human experience by not factoring how
these innovations are experienced perceptually by people in various contexts. This
is significant as perception is complementary to our senses as perception is the way
derived signals are interpreted (Heffner, n.d). In other words the focus tends to be
more on the technology itself rather than the people they are intended to serve.
People learn from an early age to experience the world around them by utilizing their
senses. With respect to how we move and navigate through the world, we respond to
a regular stream of stimulus, causing us to constantly assess and make decisions. The
American philosopher Albert Borgmann (who writes extensively on the philosophy
of technology) has described this stream of stimuli we receive from the environment
as natural information or information about reality (Borgmann, 1999). In fact, the
very act of walking involves a collection of muscles, neural network signals and receptors all working in concert to propel us forward through the physical world-while
actively receiving this natural information. As we move, the body is a hive of activity.
Parallel processes of signals travelling through an interconnected biological network
that lies embedded throughout our human anatomy. In neurologist parlance, these
signals are referred to as action potentials (Buchthal & Rosenfalck, 1966) which are
acquired through our senses and are sent off to the brain for interpretation. We are
typically taught at a young age that our senses are limited to five key senses. Touch,
Sight, Sound, Smell and Taste. However, many neurologists now say that the five
senses we commonly learn about is an oversimplification and that we actually have
many more senses—closer to 21 different senses (Brocklesby, 2011, pg. 138; Roche,
2011). These include internal senses, balance, temperature, pain, kinesthetic, acceleration and many more. By any measure, man is a complex and sophisticated machine
operating under a marvel of chemical and bio-physiological processes that scientists
continue to explore and attempt to understand.
To the human, the physical world is graspable. It can be touched, manipulated, felt
and as such assessed. The digital world however, resides in circuitry and code, often
requiring symbolic representation to provide meaning, which Borgmann refers to as
information as reality (1999, pg. 123). These can be described as instances where technology blurs the distinction of the real by striving to create a hyperreality or simulated
reality (Resmini, 2014). There are a multitude of ways digital information can be
represented as reality. Screen based, tangible, haptic or sonic to name but a few. Each
form of representation appeals to certain senses. Yet many of the consumer goods
and widely manufactured devices today rarely explore beyond the basic five senses we
are all taught about in grade school. Furthermore commercial entities today, seem to
be concerned with technological pushes of novel applications with a focus on functionality often to the detriment of experience. This can be particularly problematic
when one is involved in a stimulating performative activity, such as when conducting
engaging sporting endeavors where the experience of how humans perceive technology, is not fully appreciated by the manufacturers of these very technical systems.
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How we then, as designers of artificial systems (Simon, 1981) determine what forms
of technological expressions we use, requires a contextual understanding of how the
human body is situated within the physical world and a deeper appreciation of human
sensory perception, combined with a curiosity to explore different configurations of
design. Adopting this line of thinking within the specific context of this research
places the focus on striking a balance between aesthetic experiences and technical
functionality to provide meaningful sporting experiences.
In many ways, the work presented in this thesis seeks to draw inspiration from various
concepts such as engaging in a reflective material practice, embodiment and employing various methods to explore, inquire and discover how one may position technology in such a way to achieve a heightened awareness for the athlete. This is done
under the assumption that by “blending computation and physical design” (Dourish,
2001, pg. 54) one might be able to reveal opportunities for making what is otherwise
invisible-visible and convey its meaning. Furthermore, this thesis undertakes research
under the assumption that through the artificial sensing, measuring and reading of a
myriad of information through digital devices that therein lies an opportunity to tangibly represent context specific information to an individual what has been referred to
as embodied relations (Ihde, 1990) in the effort to create an enhanced reality rather
than a hyperreality. A reality enhanced through the embodiment of technology that
extends past our biological senses to create a richer overall experience; in the process
widening the human scope of perception.
Finally, the majority of the investigations within this research are centered around
the philosophy of attempting to adapt technology to athletes (rather than the other
way around) that are situated in real world sporting events and scenarios. This can
perhaps be achieved for instance, by challenging and extending beyond traditional
interaction metaphors to search for complementary forms of engagement with and
through technology in an effort to enhance the experience of the sport. In short,
superimposing technological information with the natural in order to create a mixed
or hybrid reality. That is not to say that the technology explored in this work mediates
interactions but rather applies interaction design to compliment the interactions that
are already occurring.
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What is Interaction Design?
This thesis subscribes to the Stanford researcher Bill Verplank’s view on Interaction
Design. As Verplank demonstrates in his sketch on interaction design (Fig. 1-1), we
affect the world through some form of manipulation (Do) and in turn we read through
our senses (Feel) which contributes to our understanding of the world (Know) and yet
ultimately we are faced with physiological realities for how we assimilate information.

Fig. 1-1: A Depiction of Interaction Design by Bill Verplank, copyright Verplank (2000).

When we start to think about interactive systems within this transaction then it is
during this process when we must factor in the context of the activities if we are to
effectively design for the human element in the hopes to bridge the digital and physical worlds in a seamless fashion. Failing to do so could potentially result in being
victimized by the technology and leave us open to incurring negative consequences,
as devices or systems today tend to demand our attention and our focus rather than
allowing for these crucial world inputs to filter through when used in conjunction
with a performance based activity—think crossing the road while tapping away on a
smartphone. The investigations in this thesis will then explore what role interactive
systems might play in contributing to a new form of knowledge. Knowledge derived
from digital means and is layered, merged or embedded within the stream of input
that we are already poised to naturally receive; creating a union of polarized information. I explore this notion by assuming that technology enables various views from the
same vantage point. Providing an opportunity to extend the natural senses that can be
useful in critical performance situations. One issue seems to be that, few devices today
are designed with true mobility in mind. Often maintaining interaction paradigms
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that are inappropriate in a movement context—such as relying on finger input when
our hands are occupied. These interactions lead people to not pay sufficient attention
to their surroundings, furthermore as mentioned previously, these device appeal to a
narrow range of senses that one uses to process information about the world.
There are various ways to undertake this problem space, but one particular approach
and one that this thesis will attempt to demonstrate is that by employing a hands-on,
maker driven approach to prototyping experiential artifacts combined with a reflective
practice, novel techniques can be investigated that could help explore this increasingly
pertinent area. These artifacts or demonstrators will serve the purpose to stimulate
discourse, to hold, manipulate and evoke experience in relation to the stated problem.
It is my assumption that using a maker driven approach will enable access to otherwise closed systems by supporting a practice of re-configurations through an iterative
and reflective process resulting in tangible constructions that can be experienced and
thus, reacted to.

1.1 Articulation of the Problem Space
The world is constantly changing. A general statement but nonetheless true especially
given the state of technological progress today, where the advances are moving faster
than policy can regulate them. Innovation is emerging from various sectors. Military,
Big Business, Transport and maker driven communities to name but a few and the
masses are the proverbial guinea pigs; exposed to these advancements often without
the consequential considerations novel technological deployments require. Case in
point, consider the current trend of automated driving technologies, Uber, Google,
Tesla and Apple are all scrambling to make hands free driving a reality but already
we are seeing reports of various automated related accidents due to insufficient testing
and early consumer adoption such as the first autopilot related death in May of 2016.1
Although there is little that can be done to stem the tide of progress as indeed many
advocates of this third wave of computing are convinced of its usefulness, and of
course economic realities are always at play but what is becoming exceedingly important is how designers and design researchers approach meaningful user experiences.
Gone are the days of purely designing the single product, replaced instead by the
significant shift of thinking about how artifacts that are designed are situated within
a larger ecology of devices and services. Through some of the projects explored in this
thesis, I will attempt to investigate this theme of the convergence of technology with
real-world use and how it may impact user behaviour. This thesis will touch on but not
discuss in any great detail the social aspects or security issues related to the domain of
connected technologies, while acknowledging that these are vastly important topics
but are positioned outside the core scope of these investigations.
1 See for instance http://www.bbc.com/news/technology-36680043
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As alluded to above, the research question this thesis attempts to address is formulated to identify if technology may be used in such a way that it enhances an activity
without compromising it. Therefore the following research question is structured as
one main question of inquiry with several sub-inquiries that relate to the main.
We have seen technology employed for the purposes of capturing, sensing, measuring, analysing and relaying information however, given these possibilities, it is still
unresolved to what extent these capabilities should come to expression or more specifically:
1. How can the promises of technology be leveraged to heighten the awareness of
an activity towards its experience, without redefining the activity but maintaining
its core attributes?
a) How can this be achieved through maker practices and in what ways can we
increase awareness of our prototyping activities in order to get the most out
of making endeavors?
b) How can design researchers work with users in a domain where they already
have a great deal of knowledge about?
Perhaps to provide a context for the reader, I can proffer an example to help visualize
how technology may be used in a sport activity scenario. Imagine a mountain bike
rider who has just completed a gruelling off-road, single track cycling trail. She can
perhaps recall certain experiential conditions such as the general consistency of the
terrain, the weather and the general condition of her equipment. Depending on her
experience she has a reasonable feeling for how she performed based on her own criteria. Did she adequately manage the steep hills? or was she 'pumped out' or fatigued
too soon? How about the cornering? Did she lean in enough? Were her gear ratios
efficient?
These variables and perhaps countless others are some of the things that she thinks
about if she is serious about the sport and desires for improving her abilities. Now of
course given the presence of an action camera she can determine a certain amount
of information to help answer these questions by reviewing the experience through
the video feed-and yet there is a disconnection between her perception of her performance and what actually happened. She is able to feel through her equipment (in
this case the bicycle) the consistency of the terrain and during this process the bicycle
becomes an extension of her body. By manipulating herself, she in turn manipulates
the bicycle and as such the bicycle recedes away from her conscious thought. Not
literally of course but rather from her immediate perception. The bicycle is serving as
a conduit for information as it is the intermediary between the terrain and the cyclist.
Perhaps it is possible for a system to tap into this stream of information. Not to replace
or compete with it but to complement or layer onto it in order to add another source
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of information. Providing a heightened sense of awareness to the cyclist. An additional sense; driven by technology; received and interpreted by the cyclist. Once the
channel is established, this could be to provide for example a closer dissection of her
movements, making available the opportunity to better understand elements such as
mechanics, forces or terrain involved within the course or perhaps providing critical
navigation information or a connection with another rider. Suddenly we have a much
richer picture of the riding experience. Now what if this data is used to improve her
performance in real-time? What differences would emerge in her behaviour if the
data was viewed before, during or after the activity? If this rider is being monitored,
what would happen in the event of a crash? Or if the system adapted itself to the rider,
giving priority to rider stimulus by only sending information when it is safe to do so.
This serves as a specific example to a specific activity but if we take a step back and
look from broader vantage point we can perhaps phrase the question as what does
it mean to be connected in a dynamic and constantly shifting world? What are the
means by which technical functionality can come into expression or relate to the
example provided above. How we can receive relevant information while navigating
the world and achieve this without losing awareness and focus or relinquishing control? Or are we destined to constantly walk into objects while looking at our square
rectangles (phones) or worse when travelling at higher speeds like a car. Are our
interactions confined to poking, swiping and tapping on glass? The fact remains that
there is almost nothing in this world that we manipulate naturally in this fashion yet
these are the most widely used and adopted platforms for mobile computing today.

1.2 Contributions
The various inquiries in this body of research have culminated in the contributions of:
• A model for a makers prototyping process to be used by designers and design
researchers interested in a hands on, explorative construction centered
approach and a reflectionary prototyping practice (Chapter 7.2)
• A documented way of working with users and designing in a domain where
one approaches with a great deal of prior knowledge about the activities
the users are engaged in resulting in an inside-in perspective with intimate
knowledge about the activities being studied (Chapter 7.4)
• A stage based framework for activity related performance that serves to
increase awareness of the temporal aspects when designing for activities
(Chapter 7.3)
• A series of demonstrators or string of examples exploring interacting with
people in motion (Chapter 6)
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1.3 Purpose
Technology and the current trend of miniaturization is constantly reshaping the
way we do things. It is becoming integral to the way we interact, do business, travel
and archive memories. Objects are becoming more ‘connected and aware’ as we are
embarking in the age of the Internet of Everything (Bojanova, Hurlburt and Voas,
2013), driving towards the ubiquitous computing (Weiser, 1991) prophecy.
The purpose of this thesis is to explore whether technology can be positioned to
align with positive human experience, while conducting sporting activities without
depriving the athlete of the core attributes of the sport. This research seeks to implement and extend beyond existing design methods by specifically employing a mixed
method approach in an effort to immerse and engage with the design space from an
inside-in perspective which will be detailed later in this thesis. It is also my hope that
this work will serve to inform other designers and design researchers who wish to
position their work within the exciting convergence between technology and sports.
As each type of information as defined by Borgmann (Natural, Cultural and Technological) carries with it a new function, simultaneously Borgmann criticises technology
for distancing farther from reality (Borgmann, 2001). It is for this purpose that this
research seeks to take a more active role in engaging with information within the
environment of study. This is particularly important given the fact that people have
exceedingly become prosumers of virtual technologies, yet exist in a physical environment wrought with obstacles and active engagements. As designers of artificial
systems, I feel that closer attention is required to the relationships people evolve with
technology in order to prevent potentially harmful situations that technology may
place us in. Not to create instances of hyperreality but rather a space where technological and natural information can co-exist. One may consider this as an instance of
Augmented Reality (AR), however typically examples of AR seem to be constrained
to the supplanting of video imagery, sound or graphics over the real-world environment. It is the intention of this research to seek towards striving for a type of reality
where the technological is seamlessly intertwined with the natural. From this point
forward, I will refer to this notion as a mixed reality.
Essentially, this thesis explores the intersection of two fields of research. Human
Computer Interaction as it pertains to sports and User Experience Design (Fig. 1-2).
It is for this purpose that all of the explorations detailed in the activities chapter are
designed to be sensitive to experiential qualities of artifacts, while also focused (with
the exception of the Morpheel project) on sporting activities and designing interactions with technology.
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Fig. 1-2: A positioning proposition
of Heightened Awareness (HA).
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1.4 Structure of Thesis
This thesis investigates how designers and design researchers may investigate
maker-driven prototyping practices, to explore tangible and embodied interactions
and how they can increase awareness of their prototyping endeavors to embrace an
explorative process. The thesis is divided into three parts (or in this case gears) borrowing from a cycling metaphor: Groundings, Activities and Learnings.
1st Gear: Groundings starts with an overview on the initiation of the doctoral project and the conditions for how it was conducted. Chapter 1 discusses the framework
employed in the research and designing for movement in addition to context of the
overall research goals. Chapter 2 goes on to discuss the framing of the topic, paying
close attention to the Internet of Sports and highlighting issues within the domain
and its relationship with activity trackers. I will then continue to look at complementary themes that are also considered related to the area of study such as big data, quantified self, transparency and optimization to provide the reader with a background
when articulating around the various activities described in greater detail later in this
thesis. Chapter 3 is a closer look at what design methods served as a backdrop to this
thesis and more specifically which methods were used to gain deeper understanding
about the various work conducted during the course of this research. The chapter is
split in two parts as making towards artifact creation is a central component to this
research, the second half will then explore in some detail contemporary making as
a explorative activity and its implications for design research. Chapter 4 is a curated
look at related bodies of research in HCI-Sports and User Experience from various
academic institutions in addition to a critical look at a select number of commercial
projects related and influential to this body of work. Finally, Chapter 5 seeks to reflect
on and synthesize the review of certain theories and notions, opening discourse by
bringing other established, philosophical viewpoints as a tool for articulation and a
means to reflect on the projects conducted after the fact.
2nd Gear: Activities reveals the various inquiries and activities undertaken during
the course of this Doctoral study. The chapter begins with a general overview of the
timeline of activities and moves directly into the first project that served as a starting
point, or specifically referred to as a boundary object designed to converge understanding between myself and my users. I then continue to discuss through various
projects and their relationship with each other as I cycle through an iterative process
and something I describe as design pivots. Through a blend of methods I then discuss
these very hands on explorations in addition to two teaching modules and its corresponding outcomes with the design students involved. The section is concluded with
a reflection on how these methods were received with a discussion about any resulting
insights.
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3rd Gear: Learnings provides a more in-depth discussion on utilising constructive
design research to mitigate the convergence between technology and sports, exploring
a framework for designers and or design researchers to utilize if considering explorations within this field. This includes knowledge contributions, methodological as well
as any impact the work has had or is expected to have within research and practice.
These are some of the themes, topics and questions that this thesis will discuss through
the exploration of various projects. In order to do that however, it is important to perhaps delve deeper into sports and its evolving connection to technology.
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CHAPTER 2
FRAMING
This thesis and its corresponding body of research
is primarily centered on investigating ways in which
technology can be used to inform embodied relations
to result in enhancing realities while moving. Embodied relations in the sense that devices such as hearing
aids or spectacles are artifacts that “are not normally
perceived and acted on as objects in one's environment, but instead are used as means through which the
environment is experienced and acted on”(Brey, 2000,
pg. 1). I seek to do this through delving into and studying the thematic area of sports and connected fitness
activities. Firstly, I will discuss why I chose to work
within the topic of sports and what I mean when I talk
about enhancement-which will then lead to a discussion on the emergence of fitness technologies and the
corresponding Internet of sports and quantified-self
movement, their attributes and drawbacks followed
by a larger discussion on the societal impact on the
post-modernistic portrayal of sport. Finally, I will then
discuss the larger context of where connected technologies like IoS are situated and some of the surrounding
factors with the formulation of a model depicting a system of connected technologies driven by data. This will
serve as an overview to give the reader insight as to the
complexity of the design space and bring to focus the
ecological landscape that this thesis is situated within.
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2. Framing

2.1 Why Sports?
Primarily, the reason for using sports as a focus for my investigations is quite simply
that I like sports. I have been an active amateur athlete for as long as I can remember.
I started skiing downhill at the age of four years old and have continued to do so
(to varying degrees) over the course of three decades. Like most sports enthusiasts,
I have a winter and a summer sport. My summers are dedicated mainly to climbing
activities although I also enjoy cycling and kayaking. Winters are focused mainly on
skiing activities. In my late twenties the draw for bigger, steeper and more challenging terrain took me to living in the French Alps in the world renowned alpine village
of Chamonix for two years, where I managed to check off many of the classic ski tours
and alpine climbs of the region. Most notably the five day Haute Route ski trek from
Chamonix to Zermatt considered by many to be a fairly technical and enduring ski
tour. Upon completion of this classic ski trek, I decided to test myself yet again by
climbing up Mont Blanc (4,809 m) via Le Grands Mulets Refuge route in order to
ski off the North Face (Fig. 2-2a). This particular style of skiing incorporates multiple skillsets and techniques such as the ability to ice climb, ski tour, read conditions,
navigate glaciers and rappel. In that environment, the skiing was so extreme that
it wasn’t uncommon to have acquaintances and even friends that lose their lives by
either falling down a crevasse, being taken by avalanches, exposed to a rockslides or
other fatal things that Mother Nature might unleash.
During that period, the routes that my friends and I completed were personal
achievements and we wore them like badges of honor. In its own way, experience was
intimately linked to the sport that gave way to legitimacy. We followed the laws of
nature as indeed nature was our motivation for being at that place and time. The more
experiences, the better, yet we all knew the risks (as we were reminded once in awhile)
and sought to minimise them as best as we could.
When I discovered climbing, my world changed. Never have I experienced a sport
that embodied pure strength, flexibility, technique, problem solving and endurance.
Many people are unaware that climbing has many different styles like sport climbing,
bouldering, ice, mixed ice and rock, trad, slab, multipitch and I have tried them all
(Figs. 2-1 and 2-2b). Typically when the average person considers the attributes of
ice, certain specific properties comes to mind; such as it's cold, hard and rigid to the
touch. However an ice climber—when engaging with this material quickly realizes
that there are many more properties inherent to this material. For example, it is possible for ice to be too hard or brittle and likewise too soft. Ice forms in a variety of
different ways under diverse set of conditions such as under compression (blue ice),
through seepage (black ice) or frozen waterfalls (white ice) to name a few. An ice
climber reads the material visually and through the tools they use—such as ice axes,
crampons and ice screws—they contend with and learn to anticipate the ever-changing properties of the climbing medium (Graydon, 1992). This active evaluation of the
ice and its varied properties is crucial for determining where to place protection (ice
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screws) as placing in the wrong patch of ice could prove fatal. The climber relies on
intuition gained through experience and often the margin for error is very small.
When it comes to action sports such as climbing, skiing and cycling, I have a strong
connection to these activities from which I get such immense satisfaction and fulfillment but am also fuelled (like most aspiring athletes) with a desire to get closer to
them. In many ways these are the concrete impulses that drove me to design research
with a focus on sports.
Action sports also provide an interesting test-bed for identifying opportunities in
which we can explore designing for movement. In this sense one could consider the
body’s movement as a material (such as ice) that can be worked with, designed and
assessed in order to influence behaviour. When partaking in various sporting activities, an athlete’s mental and physical faculties are often immensely occupied in a
sensorially engaged manner. When cycling for example, we use our hands to steer,
brake and shift gears, our legs provide power to propel the bike forward via the pedals, the body is constantly repositioning to hold balance, while the eyes and ears are
tasked with scanning and listening. Cycling can therefore be considered a multi-sensory activity and as such can be difficult to learn when we are infants, but once we
have effectively locked in this knowledge within our muscle memory; we don't forget
—hence the expression it's just liking riding a bike. During the performative act of
cycling, our senses are tuned to the subtleties that the terrain has to offer and while
much happens that we are aware of—such as the way the bike feels mechanically, how
hard we are breathing, how much our legs ache. There are processes which are not
visible to us, but are nonetheless there. Processes such as biometric data, expenditure,
body hydration and other performance related metrics pertaining to the body, the
equipment or the surrounding environment.
Consumer grade wearable fitness tracking devices have been available since the early
80s and has been striving to extract or harvest this very form of invisible data; resulting
in a multi-billion dollar industry while attempting to do so. A trend stemming from
the earlier manual data logging practices of performance activities, trackers have been
used to monitor and record a person's fitness activity. They have also been deployed for
medical monitoring purposes—delivering a wide range of critical patient data such as
body temperature, heart rate, brain activity and muscle motion for doctors, physicians
and nurses to analyze. When factoring in Internet of Things (IoT) technologies and
activity trackers that quantify, connect, photograph or perform intense data related
tasks while we are engaged in sport, designer’s and product manufacturers have been
struggling to come up with innovative ways to push/pull information to and from the
athlete in order to meaningfully engage or enhance the aesthetic sporting experience.
This is becoming increasingly crucial because as technology is becoming more and
more integrated in our lives, designers of technological systems have to find ways
to make this engagement fulfilling and meaningful rather than oppressive—a result
of technology failing us. Proponents of activity tracking will say that the ability to
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Fig 2-1: Here I am climbing an ice pillar at
Weir, located 402.1
mins
outside
Montreal.
Why
Sports?
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Fig 2-2a: A photo of me Skiing and Mountaineering
in Chamonix Mont-Blanc.
Fig 2-2b: Climbing up Daves Snotsicle, 70 m pitch,
mixed difficulty. Smugglers Notch, Vermont.
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monitor one’s health and well-being while conducting extreme or potentially dangerous tasks brings great value to its wearer, however technology (which can encompass
various forms) is not always cast in a positive light, and to some can be considered as
an uninvited presence, conflicting with the purity of the natural sporting experience.

Four Themes towards Enhancement of Sports
What do I mean when I talk about enhancing sport experience through technology? Indeed, I must admit I was hesitant to introduce technology in an area where
it may conflict with people's values and belief system. To be clear, sport enthusiasts
are very dedicated, strong willed individuals with a particular set of needs and desires.
The appeal of pursuing outdoor activities can range from anything to being closer to
nature to simply a burgeoning desire to being disconnected in an increasingly connected world—if only for a moment. The risk of introducing a technological element
to this group of dedicated individuals could be potentially ill received. With that
said, my intention towards my investigations within sports was to first and foremost
respect the activity in trying not to significantly change the core experience but rather
attempt to identify ways of enhancing the activity that adds value with respect to the
overall experience. This is where I heavily relied on my personal sporting background
to serve as a guiding compass, as in most cases, I personally shared the same values
as my participants which I will further explain in the Hermeneutic approach when
engaging a topic while factoring personal experiences in Chapter 3.
To that end, it is important to discuss what explicitly is it that I mean when I talk
about enhancement in the context of this research and inversely what may be some
examples of un-enhancement? In order to support this discussion, I will present
4 conceptions of enhancement given below that are not presented as an exhaustive list,
but rather a starting point for querying notions of enhancement.
• Safety Enhancement

• Audience Enhancement

• Enhancement through Documentation and Quantification
• Enhancement through Heightening Awareness

Safety Enhancement
When discussing extreme sport activities, safety and risks are important factors
that all athletes must consider. Athletes assess risk based on information that they
acquire such as weather conditions and terrain but also through an intimate knowledge of their performance capabilities. Sometimes decisions must be made quickly
and on-the-fly during the activity and in this case, the athletes’ senses are heavily
relied on. Risk assessment is something that is an omnipresent element in high move-
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ment sports as failed assessment can lead to detrimental consequences. As mentioned,
identifying these potential dangers is informed through experience and in the event
that something goes wrong such as falling, crashing, getting lost or needing urgent
medical attention, then potentially technology can play a role in supporting or aiding
in these predicaments. Increasing safety and awareness of possible dangers enhances
the activity, making an athlete feel that in the event something goes wrong, help can
be dispatched and in that sense the activity is enhanced because the athlete may feel
a little safer conducting them.

Audience Enhancement
The feeling of enhancement could also be perhaps extended to the spectating experience. This is especially apparent in the event of competition scenarios where there
exists the presence of the performer-viewer relationship. In this setting, technology
could play a role in perhaps highlighting specific athlete’s movements for the audience
members. In these environments the audience plays an important role within the
competition and their presence is relied upon by the athlete. Currently there exists a
very clear physical boundary between the audience and the performance area where
the athlete competes but perhaps technology can safely blur these boundaries and
enable a more engaging viewer experience without being invasive to the athlete. This
could in turn increase participation and viewership, possibly resulting in better support for the sport and community which ultimately could translate to an increase in
resource allocation to the sport.

Documentation and Quantification
Quantifying an activity is a long-time practice for athletes interested in systematic
improvement on their performance objectives. Having the tools to be able to guide a
training program and consistently meet pre-set goals, gives a feeling of empowerment
and solid data that one is getting faster, stronger or advancing in the sport in some
way. Excelling at a sport can provide an enhancing experience and quantifying the
gains could potentially give cues as to whether the training program is beneficial.
Or perhaps it's not about improvement that is the sole driving force but rather the
aesthetic qualities of the activity, and the sheer joy that is obtained from through
the engagement of the activity. In this case documenting the experience can provide
an enhancement as it gives the ability to reflect and provide close recollection on
the activity after the fact, in addition to perhaps providing a platform to share and
discuss highlighted moments with family and friends alike. Providing the possibility
to relive exciting, notable moments captured by photography or video to document
unique angles, sequences, novel point of view perspectives can give an essence of the
conditions that was endured during that performative session and is something that is
currently practiced by athletes to varying degrees.
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Heightening Awareness
As discussed previously, our senses are such a central component to sport performance and are crucial inputs for informing our awareness, for that reason this is
another important area to consider when discussing enhancement. Incorporating the
use of technology to support or inform awareness during key activity moments warrants further exploration. This could be for example, extending a given sense such as
augmenting vision in low light settings or creating a new kind of awareness that is not
possible with our natural senses such as knowing where a fellow athlete is in relation
to you while cycling in a group situation. In this case, heightening a sense still maintains that the cyclist utilizes their abilities during the sport—yet the technological
device, provides a layer of information about the activity that could prove useful to the
overall experience. Another possible use may be that one can leverage technology to
inform athletic intuition, providing information to the athlete about their body that
would normally be gained through experience. This has also been described as “bodily
intelligence”, a sense that allows people to react intuitively without thinking (Moen,
2006). In this scenario, one can perhaps shorten the time needed to acquire optimal
body positioning for example and in this sense the technology becomes a valuable tool
in the training protocol as a method for advancing technique.
All of the aforementioned scenarios explore the possibilities for enhancement and
notably, it was through some of the teaching activities expanded on further in the
end of Chapter 6 that helped in articulating notions of enhancement pertaining to
sporting experience. Of course the dangers however, of introducing a technological
element within the sporting practice needs to be approached carefully and with caution. A deeper understanding of the activity and the needs of the athlete is paramount
in addition to rigorous testing to ensure that the technical approaches are not in conflict with the core attributes of the activity. Core attributes such as particular aspects
that when put together, characterise the very essence of the sport. This could be for
example, the feeling of wind rushing past your face when skiing at speed, giving way
to the experience of a unique connection with the terrain akin to flowing over the terrain like water. I will never succeed in giving a comprehensive list of core attributes of
any given activity. These characteristics culminate in a mixture of subjective aesthetic
experience and inter-subjective norms that emanate from the very culture of a sport
and its heritage. Every activity carries with it attributes that are sought after from its
practitioners, some of which translate across the boundaries of experience.
Perhaps the fact may very well be that technology is an unwelcome element and
detracts from the experience of the sport. With the skiing example for instance, a
technological element that demands attention could conflict with this flow and thus
become a disruptive element. This is what I will attempt to investigate and elaborate
on within the bulk of investigations expanded on in Chapter 6. As this thesis engages
directly and indirectly with a great many themes, I thought it best to provide the
reader with a mapping of sorts to try to sketch the boundaries of the research area.
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2.2 A Dataistic Paradigm
Researchers in Social Anthropology, Minna Ruckenstein and Mika Pantzar (2015)
refer to the latest surge in activity tracking as a dataistic paradigm and identify four
interrelated themes of transparency, optimization, feedback loop and biohacking.
Dataistic here applies to the notion of subscribing to a data-centric applications of
technology, this term can be perhaps characterised by José van Dijck in his writings
about “Datafication, dataism and dataveillance ...” (2014) in which he states:
...the ideology of dataism shows characteristics of a widespread belief in the
objective quantification and potential tracking of all kinds of human behavior
and sociality through online media technologies (van Dijck, 2014, pg. 5).
Adapting upon Ruckenstein and Pantzar’s thematic exploration, I have endeavored
to extend beyond their stated themes related to the quantified self. As illustrated
in figure 2-3, I employed the metaphoric use of a planetary solar system of interrelated themes surrounding the emergence of an increasingly connected society driven
by data. In the visualization, the sun is representative of IoT; encompassing various
connected domains such as Internet of Sports, automotive, appliances, pets etc. and
occupying the center of the system.
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The corresponding planets in this depiction of the dataistic solar system are representative of the various themes that gravitate around IoT. Each theme can be significantly explored in greater depth and indeed can be subjects of doctoral dissertations
in their own right. However, I’d like to offer the reader an overview to provide an
understanding of the plethora of topics and complexities involved within the universe
of connected devices. Depending on what IoT subset one is engaged with they will
inherently oscillate between the various planetary topics or travel inter-thematically.
Below, I will endeavor to touch on some of these topics with the exception of feedback
which will be covered in greater detail in Chapter 4. I feel these themes will help
provide a contextual understanding for some of the work engaged within this thesis,
while not specifically delving into any one theme to any great degree except for that
which are related to sport. Just to be clear, the topics depicted and discussed in this
section are not exhaustive but are ones that have consistently surfaced during the
course of my research.

2.3 Biohacking
As technology becomes smaller, we can simultaneously observe that it is becoming
closer to our human bodies. Whether it is stitched into our clothing such as the
smart materials collaboration between Google and Levi's, wrapping around us such
as the Philips emotion jacket (Lemmens et al., 2009) or even existing inside us after
being ingested such as the Ingestible Thermal Monitoring System (Cutchis, 1988)
and MIT’s ingestible Origami robot (Fig. 2-4a,b). In addition to this, researchers
are already working on even more invasive approaches towards the intertwinement
of technology with the body characterised by microchip implants and digital tattoos
known as Tech Tats which can vary in functionality ranging from serving as an alternate display to identification and even a nuanced payment system. The question then
is how we would feel about having pervasive technologies ever-present in and around
our bodies, without the ability to shut them off?
The performative artist, Stelarc has been experimenting with this very notion (Farnell, 1999). A notion he refers to as the obsolete body and by relinquishing control
of his body to technology in order to promote critical and social commentary. His
provocative work about rendering the human body obsolete and submitting certain
physical functions to the public via a digital interface relates his work to themes of
control, agency and rendering the body invisible. While Stelarc’s stunning performances (Fig. 2-5a,b,c) are intended as provocational and in many ways intentionally
disturbing, much of the work touches on (albeit in an extreme way) some of the factors related to technological encroachment and invasiveness which are recurring thematic issues that has emerged as of late and ones that society will continue to grapple
with as we become closer and more dependent on technologies and their influence on
behaviours.
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Fig. 2-4a : Ingestible Origami Robots, courtesy of
MIT, 2016.
Fig. 2-4b: Non-invasive tech tats as alternative to
health monitoring, courtesy of Chaotic Moon, 2015.
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Fig. 2-5a: Stelarc’s parasite performances explored
involuntary, remote and internet choreography of the body
with electrical stimulation of the muscles. Copyright Stelarc.
Fig. 2-5b: Fractal Flesh Diagram. Copyright Stelarc.
Fig. 2-5c: Stelarc’s Third Hand Project. Photograph by K. Oki.

2.3 Biohacking |  43

The majority of wearable devices today are still worn outside of the human skin
boundary, designed to be adorned as bracelets, watches, neckbands, sleeves etc. Currently, invasive technologies have not been popularized; although they exist in various
forms. The Fitbit 2 activity tracker has been a leading consumer grade manufacturer of
fitness technologies and has been spearheading the fitness technology marketplace.
Their approach to goal driven monitoring of fitness activities has had a profound
impact on its customer base. However, not all of it has been positive. According to a
study conducted by the English Newspaper the Independent (Duus & Cooray, 2015)
out of 200 women who wore fitbit activity trackers, 45% of the women felt reliant on
the technology and indeed felt anxiety if they had forgotten the device at home. 30%
of the women even felt guilt bordering on panic if they didn’t manage to meet their
fitness goals for the day. It is worth considering how technologies shape our relationships to them and whether they actually enhance our lives or leave us worse off than
if we hadn’t used them at all. The philosopher Lewis Mumford started to articulate
this in the early 1930s, describing technology as overwhelmingly authoritative and
thus dictating our actions and unduly influencing our behaviours (Mumford,1964).
Shrader-Frechette & Westra (1997, pg. 155) similarly assert that:
One major shortcoming in the technologies of the modern period is that those
touched by their presence have little or no control over their design or operation.
Mumford, Shrader-Frechette & Westra all appear to call for a closer, integrated
working methodology of designing technologies that seek to understand and address
real needs of target groups in a co-created manner. Shrader-Frechette & Westra further go on to state that:
to a great an extent as possible, then, the processes of technological planning,
construction, and control ought to be opened to those destined to experience
the final products and full range of social consequences (1997, pg. 155).
Mumford could not have known what technologies would exist today however despite
the era his essay was written, his sentiments are interestingly insightful today; especially when considering how people experience anxiety or exhibit reliance on technologies that tell them what to do and when to do them; with adverse effects.

2 See http://www.fitbit.com/
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2.4 Internet of Things
The Internet of Things (IoT) can be described as the connecting of various devices to
the internet and possibly to each other. This could be anything from dishwashers,
golf clubs to underwear. Billions of devices, bringing seemingly tangible benefits to
its users and whilst doing so, opening up new challenges across various domains such
as communication, security, power and device longevity to name but a few. These are
issues that are largely unprecedented and is growing with the proliferation of IoT
enabled technologies. In fact this very thesis has been articulated and solely existed
on the cloud, written in Google docs and in large part accessed through a smartphone
and even sometimes dictated through microphone using speech-to-text technology. A
fact that wouldn't have been possible just five years ago. An IoT enabled device stipulates the embeddedness of some sort of wireless capacity to push/pull information and
in some cases carries a sensing, actuation or simply on/off capability.
In recent years, IoT has become a growing topic of conversation. It is a concept connected to the aforementioned forecasting of ubiquitous computing that has slowly
started coming into fruition as an emerging paradigm. IoT is heralded as having the
potential to significantly alter and impact the way we work and how we live our lives
but brings with it complexities and hurdles to overcome before reaching true ubiquity
and while the technical and policy related challenges are being ironed out, the masses
are still struggling to grasp what IoT really means to our daily living and how to adopt
it—or whether they even should.
Today's proliferation of broadband technologies and its corresponding cost depreciation means that an increasing number of devices are being manufactured with wireless
capabilities and sensors. This coupled by the fact that technology giants (Hectocorns3)
like Facebook and Google are eagerly trying to extend connectivity to the remaining
two-thirds of the world via various connectivity campaigns such as Google’s Project
Loon and Facebook's Free Basics program and the fact that currently two billion people
(Statista Survey, 2016) are walking around with smartphones in their pockets ultimately
sets the stage for the perfect conditions for IoT technologies to propagate and flourish.
Given the current trend in technology miniaturization, the potential list of connected
devices gets larger as sensors get smaller. In the near future, the analyst firm Gartner
predicts that there will be over 21 Billion connected devices worldwide by the year
2020 (Eddy, 2015); thus forcing designers, engineers and policy makers to not only
rethink the relationships between people-to-people but people-to-things and thingsto-things. The vast complexities involved with the sheer volume of devices comprising
of a network of unimaginable proportions, each with individually addressable devices,
poses great challenges from various research disciplines. Thus opening a Pandora's
box of issues related to security and privacy.
3 A Hectocorn is a tech company that is valued over 100 billion dollars. See http://
extreme.tech/2016/08/04/unicorn-narwhal-dedacorn-hectocorn/
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Security and Privacy Issues
What happens when we give agency to objects that were traditionally static? How
do we keep someone from overriding control of our devices or what measures can we
take when they are hacked by persons with malicious interests? The issue of security
is a central debate that is ongoing and difficult to address. Just think of how devastating it could be if someone managed to override your brakes while driving as was
demonstrated on the 2014 Jeep Cherokee (Greenberg, 2015). Who is to responsible
when things like hardware fail or in the case of software updates bricking4 the device?
To put this into perspective, I recently came across an article (Bilton, 2016) about a
homeowner who had a Nest smart thermostat installed in their home. A couple went
away on vacation and during that time their connected smart thermostat underwent
a firmware update which caused it to malfunction and effectively stop heating the
house-leaving the device essentially Bricked. The result was catastrophic. When the
tenants arrived, not only was the house cold but due to the fact that it was winter,
the pipes froze and eventually burst leaving the couple with thousands of dollars in
damages. To expand on this example, consider the Revolve acquisition by Nest in
2014, when Alphabet (Google’s parent company) acquired Revolve (a smart home
hub start-up) with a lifetime subscription to its users it shut down support after acquisition abandoning its customers, setting a terrible precedent and raising huge concerns. After a disgruntled complaint went viral, Nest quickly backpedalled; offering
to refund purchasers for their devices, but the damage was done. What’s interesting is
that not only were revolve customers disgruntled but to further the backlash Google
employees created a series of memes (Fig. 2-6a,b,c,d) to show their disappointment in
Nest’s actions resulting in Nest co-founder Tony Fadell to defend his actions in front
of the Alphabet’s board of directors to dignify actions and set things straight. One
look at the memes that circulated around the internet after the incident is enough to
observe that the Google employees were not pleased about the incident and the effect
that Nest’s decision had on Google’s image.
Another example that fuelled much debate as of the writing of this thesis is Tesla’s
release of their automated driving algorithm. Another prime example of a corporation's
effort to be seen as first to market with a new innovation technology such as self-driving cars, Tesla’s early release of automated driving capability has already resulted in a
driver fatality, prompting heavy criticism and investigation by the National Highway
Transportation Safety Administration (NHTSA) on Tesla for bypassing rigorous
testing practices traditionally employed by the car industry (Golson, 2016). These are
just a handful of numerous examples that are surfacing when we relinquish critical
4 Bricking is a term used to describe when a device has turned into a brick.The
device in this case may be normally worth some valuable, but due to the fact that it
won’t power on and function normally, it is now as useful as a brick (or perhaps a
paperweight).
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Top two images, Fig. 2-6 a,b:
Google employees complaining
about Nest through memes.
Second two images, Fig. 2-6 c,d:
Google employees advocating
the sale of Nest from Alphabet’s
product offering.
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control to computational intelligence and the academic and commercial sectors struggling with the fact that there many difficulties when it comes to replacing human
decision making processes when encountering unforeseen environmental variables.

Internet of Sports
As shown previously in the planetary model of the dataistic system, Internet of Sports
(IoS) is a subset of IoT that is specific to sport and fitness activities. With the advent
of products such as the Nike Fuelband and Fitbit’s array of activity monitoring offerings, fitness technologies have exploded onto the marketplace, providing consumers
with novel ways to quantify their activities. Fitness or activity trackers are typically
wearable devices that allow for some measure of quantification of a sporting activity
that harvest bio-metric and physiological data to inform its wearer about their activity
performance. Also referred to as Quantified Self (QS)— a term coined by Gary Wolf
and Kevin Kelly (Kelly, 2007) and essentially describes tracking one's personal data
pertaining to the body and general well-being. While IoS is specific to sports, QS can
be expanded to included well-being ranging from mental performance, heart rate,
weight, brain activity to emotional states like mood, stress, sleep activity etc. Some
other terms commonly associated with QS are lifelogging, self-tracking and body
hacking but irrespective of the term used, the intention seems to be the gathering
of granular bits of data in an effort to identify patterns to reveal a bigger picture and
inform how to impact behaviour.
Wolf refers to this bigger picture as a Macroscope. A type of inverted microscope
that allows for the gleaning of information from small bits of data, giving insightful
knowledge about the human body and how it behaves in certain situations. Product
manufacturers have started to see the potential of this for example, providing tools to
parents of newborn babies that utilize QS technology towards logging their babies’
sleeping patterns to prevent sudden infant death syndrome (SIDS) in the form of
a smart crib (Walker, 2016). In a similar initiative, researchers at the Fraunhofer
Institute for Reliability and Microintegration IZM in Berlin are currently developing
clothing using stretchable circuit boards made of polyurethane (PU) ironed into a
traditional romper suit (Coxworth, 2013) allowing the textile to monitor breathing on
the baby's chest and stomach in order to help parents prevent SIDS.
For most proponents of QS, the ability to track activity provides empirical evidence
of trends or correlations which can ultimately lead to self improvement. Some widely
utilised analysis methods like linear regression and correlation are used to see patterns
but people the QS community are continually coming up with newer ways of interpreting data.
In a 2009 Wired Magazine article the author stated that:
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The excitement in the self-tracking movement right now comes not just from
the lure of learning things from one’s own numbers but also from the promise
of contributing to a new type of knowledge, using this tool we all build (Wolf,
2009).
What Wired magazine suggests make QS possible today, is the advances in technology that allow for arguably accurate and reliable biometrics for the everyday person
to take the steps to take informed and meaningful steps towards an improved quality
of life. Unfortunately, this means that anything that cannot be quantified is marginalized, the problem with QS systems is the leap of faith required to using them. One
is supposed to trust that the sensors are accurate and that they measure what they are
designed to measure. But what about the outliers, exceptions and inconsistencies?

Fig. 2-7: Ivan Drago training for the boxing bout against Rocky in the film Rocky IV.
Source: United Artists.

In the past, these types of quantification were solely contained to lab environments.
Take for instance the film Rocky IV (Chartoff & Winkler, 1985) and consider the difference between Rocky’s Character (played by Stallone) who trains in a remote Soviet
village with basic training techniques like log lifts, running through deep snow and
literally hauling bags of rocks. Then take Rocky’s opponent, the Russian Ivan Drago
(Dolf Lundgren) whom is seen conducting his training in a highly sophisticated
lab setting with a variety of monitors and biometric instruments designed to maximize his potential and create the ultimate (scientifically enhanced) boxing machine
(Fig. 2-7). This is precisely the type of in lab research and biomechanical analysis that
is being conducted at the Swedish Winter Sports Research Centre in Östersund, Sweden (Holmberg et al., 2005) that have worked extensively with elite athletes and the
Swedish olympic ski teams.
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In the film there is a montage contrasting the two approaches, showing the old way
versus the new. Scientific versus intuitive with the political undertones of east versus west. But in the end of course (spoiler alert) it was Rocky’s sheer willpower and
determination that results in him winning the boxing bout. Something the directors
wanted to illustrate, that could not be acquired by Drago through scientific training.
The movie depicts the scientific analysis of biological processes to be able to optimize
the human body for optimum performance. Although this technique was conducted
in a closed lab facility with a team of doctors, imagine taking these lab style metrics
out of the lab and into the field, having the ability to use them every time one performs a sporting activity. This is the touted power of automatic activity quantification
and although it was not possible in 1985 when the film was released; it is very much
possible today.
Fictional action cinema aside, personally I think that Rocky’s characters is actually
being pitted against technology. In this movie as in many others, man is in direct
competition with the machine. But this is not a fair comparison. We are not evenly
matched. Furthermore as Richard Sennett mentions when talking about man’s relationship to machines:

The enlightened way to use a machine is to judge its
powers, fashion its uses, in light of our own limits
rather than the machine's potential. We should not
compete against the machine. A machine like any
model, ought to propose rather than command and
humankind should certainly walk away from command
to imitate perfection (Sennett, 2008, pg. 105).
So if one was to adopt Sennett's view on man-machine relations, what can perhaps
be inferred is that placing man in direct competition against the machine is indeed
problematic—as is absolute reliance. There is a limit to human ability; whereas the
culmination of advancements in machine learning, nanotechnology, artificial intelligence, servo mechanical components and processing power are constantly improving—leading to what people like futurist and author Ray Kurzweil believe is the
singularity (Kurzweil, 2005). The point where technological progress is so rapid that
it surpasses mankind's ability to understand it.
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But if I go back for a moment to the notion of intuition—which is arguably a trait
inherent to humans (Barnes, 2012), derived through the interpretation of meanings
or patterns of information. It is our ability to understand something that is not stemming from or based on logical processes. Humans rely on intuition without conscious
reasoning and as such is an important guiding element in the decision making process—which I have experienced first-hand with climbing. Intuition is something that
is bettered through experience and closely linked to knowing one’s body, its capabilities and its limits. Quantifying your activities is not a replacement for intuition—far
from it. It can be used to support and inform it better. However, IoS is not limited
to purely quantification purposes but can also be expanded to include enhancing the
experience of the sport such as the Nike Blaster Gloves concept described in Chapter 6
or improving athlete safety when skiing in avalanche territory for example.
Traditionally, training techniques with respect to data acquisition used to be limited
to manual notation and plotting/charting of progress over time, but with the advances
in the miniaturization of sensor technologies and microprocessors, combined with
wireless capabilities— today’s fitness devices allow for automation of this task, logging biometric data for us. This being said, sensor based fitness tracking is not a new
concept and has indeed existed (at least in medical laboratory form) since the early
1900s take for instance the Electrocardiograph (Wikimedia commons, n.d) developed by Cambridge Instrument Company in 1911 (Fig. 2-8a) and the Sphygmograph
designed by Étienne-Jules Marey (Fig. 2-8b) whom is credited with improving the
design to make it portable. In the 70s however, a Finnish Sports Computer company
Polar was experimenting with wireless heart rate monitors allowing for lab style biometric testing to be conducted out in the field and released the first consumer heart
rate watch in 1982 (Fig. 2-9).
This portability of technology would be a sign of things to come as the ability to track
what an athlete is doing while they are in the actual conditions of their sporting environment creates a context specific data set. To clarify this further, when monitoring a
runner on a treadmill within a lab versus if they are running in an alpine environment,
it would be difficult (and cumbersome) to replicate all the variable characteristics that
might be encountered in the field. Unique environmental conditions such as altitude,
temperature, humidity, variable terrain, wind, sun and oxygen levels to mention but a
few. The advantages of being able to train and monitor on site is compounded by the
fact that a richer understanding of performance is attained in-situ rather than trying
to replicate environmental variables in a laboratory and researchers have been coming
up with innovative and novel ways to use wearable technologies to quantify activities
during actual performance—however the challenges are many.

2.4 Internet of Things |  51

Fig 2-8a: An early commercial Electrocardiograph
device manufactured by Cambridge Instrument
Company, Ltd. in 1911. Courtesy of Wikipedia.
Fig 2-8b: An early Sphygmograph device built by
Hermann von Helmholtz of Marey’s Design. Late 1800’s.
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Fig 2-9: Polar’s first foray
into a wearable heart rate
monitor. Copyright Polar.

Challenges such as intuitive and meaningful modes of interaction leading to positive
user experiences and the issues associated with big data gathering mentioned in the
previous section. So far contemporary activity device design has seen sensorial-technical advancements and companies concerned with how we measure performance
and what we can measure. But what is it that we do with the data gathered or harnessed? How can it be analysed and reacted upon? Currently companies like Fitbit
and Garmin are outputting the data by visualizing it in a dashboard analytics style
setup. What the majority of consumer grade tracking technologies offer is post activity reflection, meaning that there is very little work done to inform an athlete during
the activity itself, which creates a time gap between performance and reflection.
In Chapter 6 we discuss in detail some of the project experiments created to address
the performance-reflection divide with such prototypes like the Heel Hook, and
Third Eye Climb projects as a means for providing real-time information to individuals during the act of climbing.
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Sport as Hyperreal Circus
If I shift focus to team based sports for a moment, the NBA, NFL, NHL, FiFA
and other Sporting Federations have in recent years re-examined the role of its
players and their portrayal to the mass media (Silk and Andrews, 2001). The function of professional team sports has become the commoditization of the athletic
image giving rise to a fantasy world of the super-human as an iconic figure to the
postmodern era. These figures carry with them stigmas of heroes and villains and
their successes and failures are incessantly quantified statistically in the public eye.
The federations’ wilful portrayal of the hyperreal athlete is symptomatic due to attributes of social change in post-modernist advancements in technology (Fig. 2-10),
science and mass media creating an unattainable detached representation of reality.

We are overloaded with information through the media,
which ‘confront us with an endless flow of fascinating
images and simulations’ (Featherstone, Hepworth &
Turner, 1991, pg. 68).
The sociologists Gyozo Molnar and John Kelly, who write extensively about sport and
social theory, argue that in this sense our perceived needs are not real but are simulated and pushed upon us by these social conditions leading to false interpretations
creating a condition of hyperreality (Molnar and Kelly, 2013). This phenomena sets
the stage for the employment of technology to the effect of ill-gotten gains; overshadowing natural performance endeavors. For years we have seen athlete’s succumb
to the pressures of performance and struggling to cope with expectations by utilizing chemicals for increased advantage such as blood doping or steroid use (Sjöqvist,
2008). A more recent example however can be seen with the emergence a new form of
technological advantage described as mechanical doping where a long distance cyclist
competing in a Tour de France race relies on a concealed electric motor referred to as
a worm drive which can be called upon at whim (Fig. 2-11).
Ironically as it was advances in technology miniaturization that made concealment
of this illegal activity possible, it was also technology that proved to expose this
behaviour through recent advancement leaps in thermal camera imaging technology
that was utilized to document the cycling race (Fig. 2-12).
And so these factors surface questions about where we draw the boundaries on personal performance or the extent of enhancement through technology. As I have
attempted to illustrate, sport has been heavily influenced in the post modern society
and perhaps it is important to take into account what realities society would want to
engage with and should be present, if people desire to continue to reap the benefits of
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Above, Fig 2-10: NFL player Russell
Wilson Seahawks Super Bowl XLVIII
Poster.
Middle, Fig 2-11: Motor mechanism
connected to bottom bracket on a
bicycle. Copyright Popular Mechanics.
Right, Fig 2-12: FLIR systems
thermal imaging camera shows heat
dissipation from concealed motor.
Copyright Stade 2.
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sport activities for society, they must advocate and promote a positive image and not
a machiavellian one. Certainly enhancement can take many forms but as illustrated
by the worm drive example, while the electric motor enhances the rider's ability to
go faster and with less effort, it goes against the principles of the competition race
aesthetic and is therefore not the type of positive enhancement that will be explored
further in this research. Utilised in this context, the mechanism counters the values,
traditions and culture of the sport, athletes and association—thus altering the core
activity of the race aesthetic. Furthermore, if we compare mechanical doping to our
backdrop of definitions for enhancement, we can see that it does not fulfil the criteria
of safety, heightening awareness or extending senses and as such this example would
be the polar opposite of the enhancement criteria listed above.
However, if framed in a different context, such as a tool for a mechanically aided
travel. The worm drive could very well enhance the experience of commuting for a
cyclist riding home from work. Which is to say that the context in which technological interventions and the space they are situated in is of prime importance to consider
when deliberating over forms of enhancement.
If society is going to better understand its social positioning in relation to technology,
it is worthwhile to take into account the root reasons behind engaging with connected
technologies such as activity tracking and to consider the corresponding motivational
factors. For example posting activity achievements to social networks could provide
praise and motivational feedback from people in the network, but alternatively make
others feel guilty by comparison. Additionally, if we submit ourselves to algorithmically driven technologies, our perceived needs may not be real but rather dictated to
us through a normative device or technological system; with the claim that the device
knows us better than we know ourselves.

2.5 Optimization
IoT companies believe that broadly distributed connectivity offers an opportunity to
optimize the way things are currently done to increase efficiency and reduce waste.
Take for example a smart city concept. IoT creates systems to track traffic flows and
pedestrian movements by designing efficient mobility algorithms. Sensors embedded
on a golf course could prompt what parts of the course to water and at which times, to
allow for selective irrigation (Fig. 2-13). Other touted advantages include allowing for
close monitoring of air quality during congestion, optimized logistic routes for package collection and of course the power of better understanding performance metrics
while conducting sports, these are the stated benefits by a prominent wireless sensor
networks hardware manufacturer called Libelium.
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Fig 2-13: An infographic depicting the advantages of a connected society. Copyright Libelium.

Regarding personal activity tracking, in a Wired magazine issue titled “Living by
Numbers” published in July 2009, an article describes that the “data-driven health
revolution promises to make us all better, faster and stronger” (as cited in Ruckenstein
and Pantzar, 2015, pg. 10).
Ruckenstein and Pantzar further state that “the theme of optimization remains …
an important stabilizing element of the QS by maintaining a solution-oriented quality that promises improvement to all” alluding here to optimization techniques that
empower the individual to do the “right thing at the right time” (2015, pg. 11). Furthermore, the aforementioned issue of Wired suggests that in the quest for optimization, people intent on impacting and improving behavior are required to trust empirical evidence that are based on simplistic correlations derived from the tracking tools.
However, if society is to adopt this treatment of the body as a machine, the question
remains how should all this data be used? How does one make sense of it, and to what
end? (Nafus and Sherman, 2014).
The data itself, seems to be one of the central issues to this form of quantification,
with such challenges as the type and handling of the vast amounts of data generated
as a result of IoT enterprise. Companies are scrambling with innovative ways to track,
analyse and make sense of the influx of Big Data and have as of yet only managed to
leverage a small fraction of its potential.
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2.6 Big, I mean REALLY Big Data
When discussing connected technologies, it is important to consider the vast amount
of information that is generated. Information that needs to be handled, formatted,
shaped and processed in some way. This is not a central theme of this research however, I think it is important to provide the reader with a contextual understanding of
how complex the design space of sports technology can be as big data is an omnipresent element and a factor that one must contend with when exploring design for IoS
related activities.
In 1965, a gentleman by the name of Gordon E. Moore published a paper forecasting
a historic technological golden rule prediction that:
The number of transistors incorporated in a chip will approximately double
every 24 months (Moore, 2006 reprint).
Of course at the time the article was originally published, there were mainly mainframe computers around but Moore’s point was that while the size and cost of transistors would decrease over time, consequently the speed and processing power would
increase and with it bring about significant technological change. Thus, Moore’s law
was born and over the course of 50 or so years, this prolific statement arguably holds
true today— although manufacturing processes are struggling to continually double
the number of logic transistors. Component manufacturers, including Moore’s own
company (Intel) are integrating manufacturing practices to handle different materials
that allow for a diverse array of sensors and power processors that include not only
logic and cache but RAM, power regulation, wireless capabilities and microelectromechanical components like gyroscopes and accelerometers— bringing with it the
age of miniaturization.
Consumer electronics, mobile computing and even the automobile industry has been
greatly impacted with the fact that components are continually being made smaller,
faster, stronger and cheaper. The computing power available in the mainframes of the
computers in the sixties, rates pale in comparison to the computing power of a current
smartphone:
Today, your cell phone has more computer power than all of NASA back in
1969, when it placed two astronauts on the moon (Kaku, 2012, pg. 33).
This growth doesn’t exist solely in a vacuum, over the years we have also seen correspondingly massive increases in hard drive storage capacities and exponential RAM
growth to boot (nerd pun intended). These three pillars of processing power, storage expansion and sensor technologies tethered to the vast network we know as the
internet, culminates in the creation of a tremendous amount of data more commonly
known as Big Data. A burgeoning term that has been steadily gaining momentum
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since the 2000s and broadly used to describe extremely large (often complex) data
sets. Big data is being hailed as a source of untapped and immense potential to predict
things like behaviour, buying habits, performance metrics, healthcare, well being and
crime statistics to name but a few. Due to the rise of computer processing power and
the decrease in cost associated with sensor technologies there has been an incredible
amount of digital data being generated. To put this into perspective:
During the first day of a baby’s life, the amount of data generated by humanity
is equivalent to 70 times the information contained in the library of congress
(Smolan, 2015, pg. 18).
As a result, there has been a growing trend by analytics companies such as PWC,
Accenture and Teradata of scrubbing through large data sets acquired via these sensor
technologies with the intention of algorithmically detecting patterns to spot correlations and make surprisingly accurate assessments and predictions. How big is data?
The number is not a tangible one—as the target is continually shifting and expanding—the expansion of volume leaving the purveyors of data storage platforms scrambling to invent new and innovative techniques in data management, curation and
handling.
In the 2015 release of the science fiction film Ex Machina (Macdonald & Garland,
2015), the eccentric search engine mogul Nathan (played by Oscar Isaac) beams with
pride when explaining to a contestant winner that their companies’ offerings of free
sim cards which were widely distributed was secretly sampling speech from millions
of people to get a fairly accurate algorithm to effectively achieve the simulation of
human speech. This deep learning algorithm, incorporated all the complex characteristics of articulation, intonation, pauses, pitch, rate, and rhythm unique to speech
which was sampled using this large data set, analysed and then incorporated into the
Artificially Intelligent robot Ava. Although this was a fictional depiction of deep
learning, the approach is viable (albeit implausible) example of the potential of deep
learning. The idea behind a deep learning network is that software can simulate the
neocortex’s large array of neurons in an artificial neural network—effectively emulating the way the human brain works.
At the moment deep learning training requires upwards of 15,000 computer processors to map out a set of virtual neurons, which makes it only accessible to big company infrastructures to handle such as IBM, Google and Microsoft. These artificial
networks have the capability to recognize complex patterns such as text, speech and
image recognition and already drastically improved voice search parameters on Google’s Android platform. However, in order for deep learning to succeed, it needs to
be fed large data sets similar to the Ex Machina example if it is going to attempt to
emulate something as complex as the human brain and although it has reignited some
of the discussions on the challenges of machine intelligence, there is still a long way
to go and requires many more breakthroughs (LeCun, 2015).
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The Ethics of Data
The Ex Machina film’s fictional depiction of a large scale deep learning sampling,
touches on some of the ethical issues surrounding big data; namely information privacy. Van Dijck uses the term Datafication to argue the point that there is always an
exchange for metadata often without the awareness of the participant.
Users leave traces unconsciously, so data can be collected passively without
much effort or even awareness on the part of those being recorded (Van Dijck,
2014, pg. 199).
And this is just what is happening on the enterprise level, through companies that
we have subscribed to and we have been notified to some extent through fine print
documents and terms of service statements. Criminals are also paying attention to big
data and understand the power of code. Gone are the days of stick up artists raiding
vaults with peashooters, the tech savvy criminal is a very different beast. One that can
utilize connectivity to extend and amplify reach, exerting control, limiting resources
in exchange for ransom by implementing a ransomware attack or for the first time in
human history one person being able to rob 77 million people (Sony Playstation Hack
of 2011).
Large fortune 1000 companies and tech criminals aside, while collecting personal
data about ourselves may appeal to certain types of people, merely collecting data no
matter how innovatively harvested isn’t going to tell us much of anything without an
interpreter.
The problem with personal data collection with respect to fitness tracking technologies is that majority of people are not analysts and as such simply do not have the
training or educational background to interpret what the data means. Furthermore
the initial novelty of data collection quickly subsides, leaving people to abandon
devices into the purgatory ‘lost device drawer’. Data acquisition harvested during performative activities is but one of many steps to getting meaningful information about
ourselves. However, to truly create impact and understanding, we need ways that can
summarize the output to give us a condensed, cleaned up and to the point overview
about our performative actions. This is not to say that we shouldn’t provide access to
the raw data itself but people require a certain amount of packaging when it comes
to data which provides context and in return gives them the tools to be able to make
informed decisions about their actions.
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2.7 Summary
With the digital social interactions occurring today—where people become apprehensive when separated from their online social communities—for every technological advancement there is a corresponding obstacle that emerges which inhibits how
we interact and behave within the world as a society. From automated driving to
smart thermostats, each foray into relinquishing human control must be critically
assessed. Additionally, it is important to have a holistic perspective of the many complexities inherent to the realm of connected technologies to have a deeper contextual
understanding about how it situates in the dataistic universe. A universe where tracking is the golden standard and the tensions between transparent and clandestine data
accumulation practices are omnipresent elements.
To better address some of the issues described above, designers, researchers and others
involved in emergent technologies, have a moral obligation to get better at forecasting
potential pitfalls and focusing on the context-of-use for these advancements of technical artifacts. Benefits need to be weighed for the value these technologies provide,
towards maintaining societal desires of connectivity. The danger being neglecting
the necessities of contending with key thematic elements (described in this chapter)
which will result in simply pushing novel technologies without assessing how it fits in
the larger ecosystem and considering human experience where interaction is involved.
From a sports technology perspective, applying a synthesis of design research methods may help gain critical understanding when probing the design space and create a
richer connection when engaging with cultures and communities (as will be expanded
on further in Chapter 3) but also perhaps new frameworks and methods need to
be devised to be able to account for the temporal complexities that emerge during
performance and activities that require higher levels of cognitive concentration. It
is my assumption that by exploring through the construction of purpose built artifacts, designed to address specific sporting experiences, that I can get nearer to better
defining what these methods might look like and evaluating whether future design
explorations can potentially fulfil the criteria of providing added value to a user but
hopefully not at the expense of personal safety or detracting from the core experiences
of the activities explored.
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CHAPTER 3
METHODOLOGY
& METHODS
My ambition is to contribute to what reasonable
approaches and methods (detailed in this chapter)
pave the way for addressing how technology can be
leveraged to heighten athlete awareness during performance, without significantly altering the aesthetic of
the sport. This is to offset the fact that novel technological pushes seem to be concerned with added functionality and while some of my projects explored have technical elements, the focus here is on experience; finding
ways that functionality comes to expression and lead
to meaningful athlete experience. In other words, this
line of thinking is guided under the motivation of
striking the balance between aesthetic experience and
technical functionality.
This search for new ways of developing technology has
required scaffolding methods from a number of different areas. As a reflection, this chapter is approached in
two halves. The first will highlight a general methodological design landscape employed, that served as a
backdrop to this thesis—specifically Research through
Design and Constructive Design Research.
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I will discuss what these various research approaches entail, the importance of artifact
construction, how it aids in the formation of knowledge production and how I specifically sought to utilize these approaches within this body of work. Additionally, I will
expand on some design methods that were employed —such as notions of making as
an explorative and generative approach in the creation artifacts that serve to address
the complexities of designing within rigorous performance based situations and the
investigation of potential futures using various techniques to probe ideas of preferred
states. Furthermore, the use of boundary objects will be discussed in relation to an
initial project designed to serve as focal point for discussion with participants in addition to codesign methods resulting in several workshops.
Finally, I will discuss the significance of approaching a research topic using a hermeneutic framework to factor understanding and prejudices when approaching this particular topic of inquiry and immersion within a community as a means of positioning
closer to real-use situations.
As will be further expanded on below, artifact creation is central to the design methodologies used in this thesis. For this reason, the second half of the chapter is specifically devoted to detailing notions about contemporary making as a explorative
activity. This discussion will expand on where today’s post-industrial maker emerged
from, how making can be cast in the light of design research activities, its impact and
implications on practice before leaving the reader with a commentary about the role
of the human hand and how we use it to perceive the world around us.

3.1 Research Through Design (RtD)
Following British educationalist and writer, Sir Christopher Fraylings’ seminal paper
published in 1993 titled “Research in art and design”—Frayling attempts to segment Art and Design Research into three distinct categories into, through and for.
Since then, a community has flourished specifically around the category of Research
through Design (RtD). Loosely described, RtD can be considered research involving
materials or developmental work i.e. employing a novel process that has not been
considered before and communicating its results or action research which Frayling
refers to as being when a researcher documents a step-by-step process of a project in
diary report formats to relate the results and the journey used to pave the way to its
outcome. Bowers supports Frayling by asserting that the design artifact themselves
embody designerly thinking (2012).
However, definitions of RtD has evaded consensus among the research community
and has been debated and discussed since “no agreed upon research model existed
for […] designers to make research contributions other than the development and
evaluation of new design methods” (Zimmerman, Forlizzi, & Evenson, 2007,
pg. 493). These various viewpoints can be characterised by the writings of (Chow,
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2010; Koskinen et al., 2011; Friedman, 2003; Gaver, 2012 and Cross, 2001) amongst
others.Furthermore, when talking about designer’s utilising an RtD approach Zimmerman et al. state that design researchers that subscribe to this approach “produce
novel integrations of HCI research in an attempt to make the right thing: a product
that transforms the world from its current state to a preferred state” (2007, pg. 1). This
is to say that a designer uses their accumulated experience attained through practise
and apply it to “addressing under-constrained problems” (Zimmerman et al. 2007,
pg. 1). In this model the subsequent research contributions typically takes the forms
of artifacts accompanied with detailed accounts of how they are used and experienced
under a variety of conditions.
Despite the general discourse of RtD dwelling in the semantics of the many facets of
which research and design occupy, the aforementioned authors seem to be concerned
with a shared goal—namely “establishing aspects of research done through the design
process and its resulting product” (Godin and Zahedi, 2014).

Key challenges
How does design research measure up to its more traditional, established counterparts
like science or sociology? It is said that RtD ‘lacks clear expectations and standards for
what constitutes “good” design research’, and thus would benefit from “some actionable metrics for bringing rigor in critique of design research” (Forlizzi et al. 2011,
pg. 824). William Gaver states that if we are to follow Popper’s criterion (Popper,
1963) of falsifiability that RtD is clearly unscientific as the design theories are too
vague but Gaver argues that “if designers were to change their practices to design for
comparison or refutation, they would no longer be doing research through design”
(Gaver, 2012, pg. 940). He goes on to claim that “the notion of making falsifiable
statements, or of arranging tests to refute such statements, runs against the grain
of the methodological approach of research through design.” Stating that design is
‘Generative’ and designers are concerned with what might be rather than making
statements about what is. (Gaver, 2012, pg. 940). Design Researchers take this a step
further and are interested in not only what might be but also in the knowledge generated through the formulation of making the right thing (Zimmerman et al, 2007).
Alex Seago and Anthony Dunne similarly assert that striving for replicability of
results, will endanger designers to play it safe “rather than risking the development
and defense of really original hypotheses” (Saego & Dunne, 1999, pg. 11). To further this sentiment, Nigel Cross calls for a critical distinction to be made between
the practice of science (which validates results through methods) and the practice
of design “where results do not have to be repeatable, and in most cases must not be
repeated or copied”. (Cross, 2007, pg. 2). If design occupies a space where the physical
embodiment of man-made artifacts are assessed by how they perform and how they
are perceived, then these situations are of a particular nature and unique to the con-
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texts in which they occur. Thus, striving for replicability as a form of validation, is not
possible as experience is subjective.
John Zimmerman et al. focus on the motivational factors behind conducting design
research and propose two motivational contexts (Zimmerman & Forlizzi, 2008,
pg. 3). Either, design research is initiated by formulation of a research question tied to
an existing theory or philosophy-creating what the authors refer to as a “philosophical approach”. Or design researchers take a “grounded” position to focus on real-world
situations by creating artifacts that are suggestive and illustrative.
The research conducted in this thesis is best described as RtD in that the experiential
artifacts that emerge through my design explorations is based on real-world situations
and strive to be novel constructs of my designerly vision as guided by my research
question. Additionally, I have elected to take a more grounded approach by basing
my design around experiences that I have had with the athletes I engaged with. These
artifacts detailed in the activities chapter are aspirational and serve as physical manifestations of a design activity with the purpose of generating knowledge. Aspirational in the sense that the artifacts are suggestive rather than prescriptive instances.
They serve to open a design space through the active engagement, manipulation and
configurations of materials—and through this engagement, create knowledge and
deepen understanding about the design space. Personally this methodological practice is a natural endeavor given my background as a designer; relying on the attributes of the generative designer’s process that is standard to the praxis of design. Of
course there are other ways to approach this research, one may choose for example
a more critical design approach that raises provocative questions about the tensions
between technology and society as exhibited by Stelarc’s work shown in Chapter 1 or
Anthony Dunne and Fiona Raby’s Faraday Chair (Dunne, 2008 pg. 144). Although
this approach may lead to some interesting dialogue and insights, it would not serve
the purpose to addressing my central inquiry—how to technology could be leveraged
to heighten awareness without altering the core experience of the sporting activity.

3.2 Constructive Design Research
Constructive design research has been referred to as research in which construction-be it product, system, space or media-“takes center place and becomes the key
means in constructing knowledge within the research” (Koskinen et al. 2011, pg. 5).
This particular way of thinking has been influential in evolving design based practice.
Where in the 50s and 60s design was based on rational assumptions derived from
operations analysis. Companies like IDEO and Xerox Parc started looking towards
social and behavioural sciences, conducting fieldwork and shortened ethnographic
techniques to better inform the project during its trajectory (Iipo et al 2011). Xerox
Parc had employed the anthropologist Lucy Suchman, who observed the way people
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interacted with photocopiers and advocated for distinctions to be made between rational reasoning and how people actually use machines. This shift helped pave the way
towards innovative approaches by accounting for human reasoning and actions. It was
both iterative and evolutionary constructive research that helped pioneer the creation
of the first computer mouse that was conceived at Stanford University by Douglas
Engelbart, expanded on by Xerox Parc in its three button variant and later adopted by
Steve Jobs in its simplistic single button form and finally disseminated commercially
with a viable price point and manufacturing process.
Constructive Design exists alongside other practice-based design approaches such as
RtD (discussed above) and, similarly, has the creation of a prototype as a core tenet.
The main distinction being that Ilpo Koskinen et al. (2011) segment the approach
by proposing three particular programmes when conducting this style of research—
referred to as Lab, Field and Showroom.

Lab
When one studies design in a lab, it typically means that the object of study is brought
into a controlled environment thus isolating it. This isolation allows the researcher to
study or focus on one particular aspect at a time. Within this program, design action
normally results in a form of a prototype that is evaluated either for its experiential
attributes (qualitatively) or assessed statistically (quantitatively). These evaluations
take the form of experiments in which for example the researcher manipulates the
object and while testing with participants, the researcher simultaneously pays close
attention to other variables as the user experience is evaluated.

Field
Within the field context, the designs are typically tested in real-use scenarios and
as such, are subject to the unexpected factors that may arise during deployment. A
design researcher will pay close attention to the context-of-use in relation to how the
object of study fares in the real-world environment and gain valuable insights through
questioning and close observation of the participants.

Showroom
In the showroom programme, the object of study is displayed in the public eye. This
is often to spurn debate and thought provocation. The researcher creates an instantiation of a notion that can be discussed around thus opening a design space that can
be critiqued and reacted to. The audience in this role, becomes the subject of design
through the multisensory experiences of the object (Redström, 2006 pg. 126). The
resulting dialogues can impact or inform the researchers’ approach, the assessment of
which be possibly folded into and impact future works.
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So why should we take constructive design research as a serious form of inquiry?
As Sydney Gregory so eloquently put it.
The scientific method is a pattern of problem-solving behaviour employed in
find out the nature of what exists, whereas the design method is a pattern of
behaviour employed in inventing things… which do not yet exist. Science is
analytic; design in constructive (as cited in de Vries, 1993, pg. 18).
Experimentation is a popular theme in constructive design research which has demonstrated an ability to bridge art and design with culture and society. Additionally, it is
not unusual for design researchers to work closely with computer scientists, anthropologists and sociologists—benefiting from design’s ability to draw inspiration from
surrounding fields and apply it to problems in a designerly way, often resulting in the
formation of frameworks, methods and tools in the process. As discussed previously,
design research has a tendency to create a juxtaposition with science. Juxtaposition in
the sense that design in not necessarily interested in the pursuit of truths but rather
in pursuits of imagining preferred futures and such cannot be subjected to the same
methods of validation.
It is only through the act of making/prototyping that one can fully see and understand
the implications of the design. Making and knowledge production are not mutually
exclusive. There is a kind of experiential, hands-on, materiality to it that generates
different kinds of knowledge. It is the synthesis between materials and ideas that
puts forth new epistemological contributions. Hence the constructivist aspect stated
by Gregory. What is created may be a tool, a design exploration of a new space, or a
prototype that has just enough fidelity to allow you to gain new knowledge from it.
Constructive Design exists within a post-Cartesian paradigm—where the mind is
intimately connected to the body and human experience—along with other foundations of 20th century thinking such as J.J. GIbson's ecological psychology, phenomenology and pragmatism. Where design does not seek to impose theoretical order
but rather is more concerned with attempting to understand that which occurs in the
world by being sensitive to its particularities. This is opposed to the more rationalistic
paradigm advocated by Herbert Simon, JC Jones and Christopher Alexander in the
1960s (Koskinen et al., 2011, pg. 167). Koskinen et al. further argue that:
Design is not a theoretical discipline … With few exceptions, design researchers have produced little theory that is used in other disciplines (Koskinen et
al., 2011, pgs. 118-119).
However, designers have produced frameworks that are generalised from design e.g.
product ecology, resonant interaction, co-experience.
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At this point I would like to explicitly highlight the connection between constructive design and making endeavors. The former, occurs in a design research context,
while the latter typically is more generalizable as it occurs within various parts of
society, employed by people with varied backgrounds, supported by numerous types
of communities and institutions such as makerspaces, fab labs, incubators and think
tanks. Although at first glance, both seem to be birds of the same feather, the main
distinction is that constructive design is more concerned with the business of artifact
creation to produce knowledge while the maker is concerned with acquiring knowledge towards the creation of an artifact and perhaps sharing knowledge back to the
community.
Along this vein, constructive design programmes—with a specific focus on a maker
approaches— were used in various projects within this thesis. As you will read further
in the activities chapter, certain projects such as Heel hook, Blackbox and Third Eye
Climb were evaluated in the field, while others such as Griptile and Morpheel never
left the lab environment. Additionally, the teaching module for wearable devices,
resulted in being exhibited in a showroom manner and subjected to an audience to
spurn debate. Also the various approaches, code and other elements inherent to this
research was annotated and relayed back to the maker community to provide a comprehensive account in the form of a project blog to help others struggling with or
exploring similar technical prototypes and experiential probing as it relates to sport.
Utilising a mix of these programmes, allowed me to evaluate their effectiveness in
relation to this research and gave me valuable insights; namely the importance of
bridging the lab-to-field programmes, which I articulate further in the conclusions
chapter later in this thesis.

3.3 Including the Athletes in the Mix
As the majority of the interventions related to this thesis are rooted in real use situations, then it only seemed fitting that the athletes that are involved in these sports
are invited to provide input. This was conducted with the intention that participants
could contribute valuable insights towards shaping fledgling ideas or notions, deliver
an injection of inspiration or even serve as a sounding board. Providing a platform
to project participants to vocalize their thoughts and offer opinions, is not a novel
approach and shares similarities with participatory design approaches rooted in strong
Scandinavian traditions of democratising the workplace (Bødker, Ehn, Sjögren &
Sundblad, 2000) and perhaps even co-design ways of working characterised from
work conducted in the U.S. (Sanders and Stappers, 2008).
Although these two domains have evolved differently with respects to their geographical roots, they seem to share similarities in the sense that they are both domains where
stakeholders and actors within a community (often non designers by profession) are
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invited to collaborate within the design process. Some of the methods used to stimulate discussion and address possible issues or scenarios are the use of participatory
design games (Brandt, 2006; Brandt & Messeter, 2004) or the arrangement of activities (Sanders, Brandt and Binder, 2010) that are conducted in a workshop format.
As described in the Blackbox project in Chapter 6, the athletes that were recruited to
participate in the project were invited to a workshop, where a prototype was discussed
and critiqued. This session surfaced questions about the use of technology in relation
to the qualities of the experience of mountain biking. In addition to this, a number of
creative activities were done with the participants, where they were asked disregard or
consider the improbabilities of technical implementation. In this instance, designers/
design researchers generally act as facilitators or take on a more of a support role for
actors and stakeholders within a project whom may not have a design background.
Through shifting my role from designer to facilitator in the workshop, I would give
tasks that took various forms. Often these tasks involved the use of visual-semantic tools and material aids such as stickers, blocks of words, shapes, objects, sticky
notes and even playdough to offer a means of expression to non-designers as shown in
figure 3-1.
Participants were asked to use these materials to create their own interfaces, products, services or narratives around working projects or scenarios. After creating these
artifacts, participants answer the questions posed and were asked to articulate around
what they've made, to identify their creative intent and why they made it.
In a similar fashion, I employed this workshop technique in the TEPI project which
was a pre-study to explore the feasibility of incorporating wearable technologies in
an industrial environment. Although the format was similar, the participants in this
workshop differed as the TEPI workshop participants were not potential users themselves, but rather professionals in other fields and as such brought unique perspectives—gained through their experiences—to the table.

Fig. 3-1: Athletes
recruited in the
Blackbox project
sketching narratives.
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In both cases, the advantages of bringing people together to work through details of
a design challenge created a platform for cohesive understanding and set the stage
for mutual learning. The workshops I conducted, provided me with opportunities for
fleshing out new ideas while simultaneously creating a venue for critical discourse
about existing ones. It also allowed for gaining access to participant experience,
resulting in the benefit of varied perspectives which ultimately led to further nourishing my understanding of the design space; comparing my experience with the experiences of others.

3.4 Hermeneutic Circle
When trying to understand a subject that is being explored, according to a hermeneutic position we do not approach something from a neutral perspective but rather
from our own unique perspectives based on our previous experiences. The German
born philosopher Hans-Georg Gadamer from the early 1900’s refers to this as the
horizon of understanding (Gadamer, 2008). Gadamer acknowledges that we approach
subjects with certain prejudices and these are unavoidable occurrences that should not
be deemed as negative. When we learn more about a subject we effectively are seeking
to expand our horizons. Regardless of how much or how little we know about an
area of study, it is our prior experience which will frame how we approach the subject
matter. The challenge is to be aware that the prejudices exist and to continuously work
towards overcoming them in order to achieve a deeper understanding.
As stated in the previous chapter, when working with sports, I had a rich history with
the activities that I was studying which of course led to my own personal, unique perspectives on these activities. Rather than approaching the subject from a blank slate
or pretending that I didn't know what I know. I endeavored to use my past experience
as a starting point for initial explorations, yet be open to new discovery. Engaging
with active community members and working with my participants was a way to
expand my knowledge horizon and direct my mode of inquiry, for purposes of articulation I will call this an inside-in perspective (observe Research B in Figure 3-2).
Where I was already situated within the topic of study and had prior experience and
empathic understanding regarding the field of inquiry. This differs from an outside-in
perspective (Researcher A) whereby the researcher has minimal or basic knowledge
of a topic of study and must lengthen the preliminary study period to work towards
understanding.
While this was an approach utilized for the process of broaching the topic, it was also
simultaneously employed throughout the deployment of the RtD approach. In this
case, I relied on my background and experience in interaction design to guide me in
my framing and decision making process. During the course of artifact creation, I
assessed what knowledge and skills that I had in my toolset and built upon existing
skills by incorporating them into the prototype driven explorations.
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Preliminary
Understanding

Researcher A
(outside in)

Researcher B
(inside in)

Deeper
Understanding

Topic of Study

Fig. 3-2: A Hermeneutic Circle
of Understanding showing two
research approaches.
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3.5 Boundary Objects
Boundary objects, originally introduced by Susan Starr and James Griesemer in 1989,
is a concept referring to objects that serve an interface between different communities
of practice.
These objects serve as point of mediation and negotiation around intent and as such
are flexible enough to adapt to local needs and have different distinct identities in
different communities, but at the same time robust enough to maintain a common
identity across the boundaries and coherence across intersecting social worlds.
Matt Cooper-Wright a designer at IDEO in London states that:
The beauty of a prototype/boundary object is that you can show it to a group of
people and they can all stand around and point at it, interact with it, build on
it and above all see the inherent complexity. It’s also much easier to understand
the trade-off and decisions that have been made – even in a very low resolution
prototype. Where a conversation could take literally hours to deliver consensus, a prototype can shortcut the process (Cooper-Wright, 2012, n. pag).
In the Blackbox prototype (described in Chapter 6) I set out to create an object that
served as a starting point to a conversation. When working with athletes, the knowledge acquired through their years of training provided valuable insights but I wanted
to see if the athletes could apply this knowledge within the context of how technology
could integrate, support or enhance the activities that they are intimately involved in.
As mentioned previously, within the context of this research I too had intimate
knowledge of some the sporting activities under scrutiny and rather than disregarding
this knowledge, I have used it to guide the design of the boundary object to embody
my understanding and gauge if and how it translates to the athletes. This was a type
of bridge between my lifeworld and the lifeworld of my participants or put in the
hermeneutic sense, factoring my horizon of understand into the object. This was done
in the hopes to shortcut the process and jump into a more meaningful conversation
with the athletes earlier in the process than traditional methods would allow. This is
in large contrast to for example designing for the cognitively disabled as unless the
researcher also has the disability, they lack the perspective that the users would have
and are required to instead conduct rigorous observational work and testing to inform
and validate the process. (Zarin, R. & Fallman, D. 2011). To clarify further, whenever a design is created and needs validation or user testing the first user is always the
designer. The designer will use and experience the design and make his or her own
judgments before it enters the field. This self-use period is the finalization point where
an incarnation of the designers’ vision has reached a fidelity good enough to elicit real
user input. This is a critical moment of externalization for the designer. If the design
does not pass the self-use test then the creative process of making the object will likely
continue.
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3.6 Investigating Potential Futures
As mentioned when working with athletes, I engaged in certain participatory design
practices to benefit from the athlete's experiences when working within the topic of
sports and created a boundary object to create concrete object that served to elicit and
provoke thoughts and reactions. Zimmerman, Stolterman and Forlizzi describe RtD
as the “process of iteratively designing artifacts as a creative way of investigating what
a potential future might be” (Zimmerman et al. 2010 pg. 312). By employing this
method, the designer relies on their understanding of a design space, and employs
various sketching techniques applied towards experimenting in order to investigate
alternatives for preferred situations. The term sketching used here is broadened to
include not only paper and pen but expanded to various other materials such as hardware and digital materials as well. When I set out to create the Blackbox prototype,
I endeavored to create a functional object in which an experience could be attained.
This initial prototype resembled a boundary object and as such had the characteristics of being ‘unpolished’, open to interpretation and modifications. Simultaneously, I
created a designed artifact that could be considered a future design sketch was notably
much more ‘polished’ in that it resembled a finished design—yet not technically functional. This was conducted, in order to explore notions of what ‘may be’ preferred states
within the cycling performance and training context. These design artifact instantiations were gathered together, showcased respectively and discussed with participants
in a workshop format where the participants were invited to interact. In this format, I
created a venue for envisioning future scenarios of how a prototype could serve its user
community and the workshop participants collectively used low fidelity materials to
quickly sketch ideas about other artifacts that could also be created within the theme
of enhancing the experiential qualities of the sport.
This method of investigating a potential future enabled me to impel forward ideas
and work without constraints relating to technical limitations or feasibility that may
arise during the making process. As Nelson and Stolterman state when referring to
design potential futures, “Design is the ability to imagine that-which-does-not-yetexist, to make it appear in concrete form as a new, purposeful addition to the real
world” (2003, pg. 12). I see this real world future investigation as a means to provide a
point in the horizon that can be deliberated upon collectively and ultimately serve as
a compass to work towards; or alternatively avoid. By initiating my research through
the creation of a boundary object and the creation of a future design sketch, I not
only created a concrete artifacts that could be reacted to but I also was able to embody
my understanding, perspective and past experience within the artifacts to serve as a
deeper starting point for discussion to get closer to preferred situations for the athletes
I worked with.

74  | 3.6 Investigating Potential Futures

3.7 Immersion in Sports
There is hardly any other activity that we do as humans that fully engages the senses
as performing sports. Sporting activities comprise of a mixture of tactile and motoric
skills, problem solving, risk assessment hand-eye coordination and much more. It is
precisely this reason that it is a challenging area to introduce technology that could
potentially impair a sense that is crucially depended on. However as discussed, with
the explosive trend of wearable and fitness gadgetry flooding the consumer market,
it has become increasingly important to take a closer look and the necessary steps
required to obtain a deeper understanding about the contexts where it is possible
to use sensor based technologies safely; and to what effect. In an effort to better
understand these highly specialized groups of people and their level of devotion and
dedication to their activities, I elected to immerse myself within their communities.
Communities that were loaded with rich cultural identities and values, to be able to
identify opportunities for intervention and tease out information that makes sense
to communicate. An alternative way of approaching these groups could be to rely on
more traditional ethnographic techniques (observational studies, interviews and videos) which Mads Jensen, Jacob Buur & Tom Djajadiningrat claim “are not sufficient
to grasp the complexity of interaction design” (2005, pg. 13). To echo this sentiment,
I felt that as a researcher, if only relying on the athlete's ability to articulate qualitative
experiences derived from post activity recollections, I could miss valuable insights
obtained through immersion and working/engaging alongside the athletes.
These insights gained through deeper understanding of contextual actions, ultimately
inform the interaction design styles applied to the prototypes. For this purpose,
immersion within a community was approached a number of ways; firstly I searched
the internet for local associations and groups, proceeding to sign up and participate
in their meets. Secondly, I participated in various, local competitive events. Events
that were organised by the associations and gathered like-minded athletes to compete
for prizes. This gave me first-hand accounts of the athletes’ lifeworld and enabled me
to blend into the groups, more as a fellow athlete rather than a researcher. Finally, I
trained—in some cases extensively—with the athletes to gauge their routines, patterns and ideologies pertaining to their sport. In this case, the active engagement with
a community proved particularly useful for deepening understanding and framing the
design space of inquiry. Primarily, I was able to capture and observe athletic experiences as it happened and through these engagements, was able to identify opportunities for intervention. A method that I later endeavored to implant in the course
module I taught on designing for wearable technology for sports at the Umeå Institute
of Design and will expand on further in the activities chapter.
This particular method can be exemplified by the work I conducted with a group of
downhill mountain bikers (Fig. 3-3a,b,c), where I spent countless hours shadowing
the riders in order to experience the world as they perceive it; listening to the language
used about the activity and get a sense of the qualities, values and beliefs as it pertains
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https://vimeo.com/72648056
Fig. 3-3a: Shadowing mountain bike users and testing of Blackbox v2.

https://vimeo.com/68304448
Fig. 3-3b: Attending a local mountain bike race in Umeå.

https://vimeo.com/66223161
Fig. 3-3c: Shadowing a Mountain Biker in California.
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to the sport. Alternatively, if I had simply elected to attach an action camera to the
cyclist, the visceral qualities and the conditions in which the cyclist (in this context)
experienced would have been poorly translated and I (as the researcher) would be left
making assumptions. However, the act of following the cyclists whilst conducting
their activities was (in my opinion) the only way to arrive at the what Harold Nelson
and Erik Stolterman refer to as the real (2003 pg. 30) where design is interested in
looking for connections related to particular situations—subsequently providing the
means for understanding. By positioning myself closer to the athlete’s lifeworld, I
was able to better comprehend their experiences and the vocabulary that was used to
articulate them.

3.8 An Inquiry into Sports Research Related
Methods
While canvassing various research in the field of HCI-Sports, some similarities in
methods emerged in regards to designing for specific sports; utilizing what may be
considered a reductionist approach. Although ‘reductionism’ may suggest negative or
otherwise derogatory stance, the term here is meant to describe the breaking down
of human actions into smaller components. With respect to designing technological
interventions that address for example skill development. This entails that some form
of assessment for the type of movements and or experience-that is central to an
activity-is determined and targeted to improve user skills through the engagement
of an artifact. To give an example, Ludvigsen, Fogtmann and Grønbæk (2010) in
their Tac Towers project, determined that motor skill, speed and agility are essential
components in the sport of handball and endeavored to create an interactive prototype that sharpens these elements through the author's own devised form of gameplay. During the user trials, the authors describe that the role of the machine in this
transaction “should fall into the background and solely function as a facilitator of a
dynamic interaction—not only as the measuring timer” (Ludvigsen, Fogtmann and
Grønbæk, 2010, pg. 413). This method can be seen as employing a means of assessing the salient qualities of a performance and subsuming them within the engagement of the designed artifact. This method opens up opportunities for isolating certain activity related variables that can be measured, augmented, manipulated and
studied. Similarly when exploring skateboarding activities, Pijnappel and Mueller
(2013) determined that the performance of tricks such as kickflips or boardslides
with the skateboard is an important part of the skateboarding experience and sought
to work with visualizing the experience of performing tricks to provide the user with
a tool for appraising and reflecting on their performance. This process of observing
the activity as a whole and breaking it down to smaller parts can be compared to
movement research in the area of dance and movement notation as illustrated by the
works of Camurri, Morasso, Tagliasco, and Zaccaria (1986) and Kojima, Hachimura
and Nakamura (2002) where the dancers movements are distilled down to particular
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movements and represented symbolically by graphical notations. While the sports
examples do not delve into the same level of granularity as notation, they do look at
movement isolation in a more general sense to serve as opportunities for exploring
interventions. Within my own work this reductionist approach was utilized when
teaching a Design for Wearables in Sport course module to get the students to really
think about experiential qualities inherent to sporting activity. Additionally during
the course, while attempting to isolate particular elements (such as the tactile aspect
of rock climbing) for the students, I developed a technique of impairing one sense, to
force focus on another as will be expanded on further in the activities chapter titled
Sensory Deprivation as Method.
At this juncture I have discussed methodologies used such as RtD and Constructive
Design Research and how methods can be applied to exploring sports enhancement
through technology. I then shifted towards a comprehensive description about the
mixture of methods used to garner deeper understanding about the design space
and how they were explicitly utilized. As previously discussed, constructive design
involves construction as the central component in exploring a design space and
knowledge generation. As such, the next section will shift to the second half of this
chapter which will be to dig deeper into the role of the maker, its persona, history
and what implications making it has on knowledge generation. This is done with the
intent to provide the reader with a solid background on a major driving force within
this doctoral research.

3.9 Making
The core projects in this thesis are very much driven with the sense of learning by
doing. This is based on the assumption that we can learn more about the world by
actively engaging with it and understand the complexities of how ideas can function
when tested in some artifactual form. For example, when testing a functional or semifunctional prototype we gain insights into the feasibility into an idea that has gone
beyond the stage of sketching and we get valuable ideas that can later be iterated upon
or spawn new direction. This section will serve to discuss what making implies and
how one may use it as an approach towards informing research endeavors.

What is a Maker?
The start of the contemporary maker movement can be traced back to the launch of
Make Magazine in January 2005; modelled after the Popular Mechanics format. The
following year Make Magazine launched the Maker Faire which congregated like
minded individuals from around the country to share creations and exchange methods, stories and inspire each other with their projects. Since then it has caught the
interest of large companies like Autodesk, 3ds Max and Maya and led to the launch
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MAKER MOVEMENT MANIFESTO
MAKE

TOOL UP

Making is fundamental to what it
means to be human. We must make,
create, and express ourselves to feel
whole. There is something unique
about making physical things. These
things are like little pieces of us
and seem to embody portions of our
souls.

You must have access to the right
tools for the project at hand. Invest in
and develop local access to the tools
you need to do the making you want
to do. The tools of making have never
been cheaper, easier to use, or more
powerful.

SHARE
Sharing what you have made and
what you know about making with
others is the method by which a
maker’s feeling of wholeness is
achieved. You cannot make and not
share
GIVE
There are few things more selfless
and satisfying than giving away
something you have made. The act
of making puts a small piece of you
in the object. Giving that to someone
else is like giving someone a small
piece of yourself. Such things are
often the most cherished items we
possess.
LEARN
You must learn to make. You must
always seek to learn more about
your making. You may become a
journeyman or master craftsman,
but you will still learn, want to
learn, and push yourself to learn
new techniques, materials, and
processes. Building a lifelong
learning path ensures a rich
and rewarding making life and,
importantly, enables one to share.

PLAY
Be playful with what you are making,
and you will be surprised, excited,
and proud of what you discover.
PARTICIPATE
Join the Maker Movement and
reach out to those around you who
are discovering the joy of making.
Hold seminars, parties, events,
maker days, fairs, expos, classes,
and dinners with and for the other
makers in your community.
SUPPORT
This is a movement, and it requires
emotional, intellectual, financial,
political, and institutional support.
The best hope for improving the
world is us, and we are responsible
for making a better future.
CHANGE
Embrace the change that will
naturally occur as you go through
your maker journey. Since making
is fundamental to what it means to
be human, you will become a more
complete version of you as you make.

In the spirit of making, I strongly suggest that you take this manifesto, make
changes to it, and make it your own. That is the point of making.

Fig. 3-4: Maker Manifesto written by Mark Hatch.
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of www.instructables.com—an often used resource for how to do things. Today, there
exists over a thousand makerspaces worldwide—fourteen times as many than ten
years prior—residing in various locations including schools, libraries and community
centers (Lou and Peek, 2016).
The maker community is a group of individuals that are also referred to as tinkerers,
doers, hackers, do-it-yourselfers. It is a group with the one resolve of seeking knowledge with the support of a collective to achieve things that one could not previously.
It is through constant and persistent learning that these achievements are made and
by subsequently documenting and sharing back into the community that creates a
positive cycle of knowledge and inspiration that leads to motivating others.
An approach to making can be perhaps best described through this manifesto
(Fig. 3-4) written by Mark Hatch (2013).
The one thing that I think is missing from Hatch’s Manifesto are perhaps the elements of curiosity and experimentation. These are what I believe crucial elements in
the process. Making is not all rainbows and sunshine, in fact it is a relatively slow
process filled with uncertainty and frustrating moments. Often the skills needed to
make something needs to be learned or acquired in some way, and access to materials,
resources or tools can stall projects and of course along the journey, people may lose
motivation. In short, making is a time intensive activity. Mostly we see and hear about
the fantastic things that people are making but the not so good stuff, the false starts or
dead ends are often swept under the rug, discarded and quickly forgotten.
If we roll back the clock to post-war Russia circa 1919, this was a time when artists
and designers were seeking new forms of expression. In a politically charged climate,
the era spurred a drastic shift away from the atrocities of war and its destructive tendencies, to a more desirable future of reconstruction and change. The general disillusionment of people and policy makers alike, started to prompt a movement towards
rebuilding, reimagining and recomposing a splintered nation through industrialization and expansion of infrastructure. The mastering and manipulation of materials
such as steel, glass and plastics were the technological achievements of the time. As
a byproduct, artists were experimenting with these materials in a way that had not
been considered before; leading to such artistic movements as constructivism and
suprematism that seek to break the representational depictions of objects and distil
them down to their purest form of colour and composition. Proponents such as El
Lissitzky, Tatlin, Rodchenko, Malevich, Gabo and Pevsner were integral to exploring
and pushing the boundaries of how art is perceived and its role in modern society.
This gave way to artists exploring beyond their supposed occupational confines to
transcend and blur boundaries into other disciplines as can be exemplified by Tatlin’s
Tower, a marvel of steel construction and architectural symbolism (Malevich, 2003).
Lissitzky in particular, started playing around with a newly developed notion of the
Artist-Constructor stating:
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The artist constructs a new symbol with his brush. This
symbol is not a recognizable form of anything that is
already finished, already made, or already existent
in the world – it is a symbol of a new world, which is
being built upon and which exists by the way of the
people (Drucker & McVarish, 2009, pg. 188).
The dual persona of the Artist Constructor possesses ‘both the artistic and technical
skills required to produce an object completely adapted to its total function’ (Lodder
1983, Margolin 1997) leading the practitioner to a hybrid activity and beckoning
multidisciplinarity and versatility.
Years later in the 60s and 70s the experimental art movement Fluxus similarly promoted the use of making/constructing with various materials and mediums to engaging in interactions between artist and audience. Regarded by many as being the precursor to interactive media, Fluxus (like constructivism) sought to challenge and push
the boundaries of artistic perception in society.
The above examples serve to illustrate that artistic and creative experimentation of
materials, combined with a multidisciplinary approach, has long been a practice
enjoyed by artists and designers alike and pursuing closer ties between experimentation of material engagement results in carving out new possibilities.
During last hundred years, one can perhaps see archetypal attributes of the modern
day maker, exhibited by these various artistic movements and perhaps even spurned
by economical context. To elaborate further, previous generations were well versed in
the act of making; if only out of sheer necessity. In order to run a farm for instance,
one had to be a jack-of-all-trades (read: multi disciplined), capable of fixing broken
machinery or mending fences with materials that were readily available. Farmers are
not artists or engineers, but some solutions required a certain level of ingenuity, creativity and perseverance. Livelihood was often at stake. The risk was real. The risk
today is of a very different nature, one of complacency, reliance and conformity led by
a culture of angry birds, zombie fetishism and a barrage of time sucking social media
platforms like snapchat, facebook and twitter. Making has always existed in some shape
or form. In the 80s maker activities outside of artistic exploration, were somewhat
contained to fringe groups and practitioners which were given labels like hobbyists
and tinkerers. These people frequented hobby shops where they could purchase materials for projects like radio controlled airplanes, or model rockets and “ham” radio
kits. However, it was through the emersion of hackerspaces, dedicated maker specific
magazines like Make and Wired and events like Maker Faire that helped pull making into the popular culture (Ehn et al., 2014). Even the term tinkerer—a word often
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associated with contemporary maker— has shifted in meaning. The etymology of the
word traditionally carried a rather negative connotation. In the past, to be a tinkerer
meant that you were engaging in the repair of small items, pots, shoes, clocks and
the like. Some dictionaries define tinkerer as being clumsy, or unskillful while other
definitions describe tinkering as skilled in small mechanical labour or jack-of-alltrades. These 13th century definitions of the word describe people that were travelling
around, looking for odd jobs, fiddling and mending things. Today’s tinkerer by contrast, has been adopted in a positive light; interested in engaging in material practice
to learn more about its properties, creating and sharing back into a community. As
a result, contemporary maker culture has been touted as responsible for challenging
traditional economic landscapes, through creating bottom-up, citizen led innovation
and shifting focus towards key social issues of sustainability and green initiatives
(Hollas, 2013; Riedl, 2013).
Makerspaces allow aspiring makers to congregate in an effort to learn the basics of
soldering, 3-D printing, or laser cutting to quickly and cheaply apply their new skills
in an personal project (Hatch, 2013). In the makerspace the maker takes on the same
properties as the artist-constructor as an experimenter of materials, driven by an idea
that seeks representation in the form of an artifact. The only difference is that the
agenda here aligns closer to the interest in innovation and grass roots knowledge
dissemination. Not to directly challenge socio-political thinking but rather challenge
consumerism, promote individual creativity and self learning.
To cast making activities in the light of research, making, creating and constructing
things tend to been driven by particular motivational factors. Political, economical,
societal or simply curiosity as illustrated above. The red thread here being the act of
pushing change or pursuing an undertaking of an enterprise to envision something
new.
This sentiment echoes what Zimmerman, Forlizzi and Evenson’s term the right thing:
“a product that transforms the world from its current state to a preferred state” (2007,
pg. 1) as guided under the motivation of knowledge production. But what are the
differences in making as a research activity and making in general?

Making in Design Research vs. Designers that Make
What sets apart making from a research standpoint to making as a design activity
lies within the practice of reflection. Not reflection on the act of making itself—
as both practices inherently involve reflection related to actions—but reflection in a
broader sense. One that leads to a type of knowledge that can be abstracted (as will
be expanded on further in the conclusions chapter) in the form of a strong concept
residing in the intermediate knowledge space (Höök and Löwgren, 2012). There are
many overlaps to the two sides of the spectrum of research and design. As in both
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cases, there could be the intention to physically manifest something in order to create something new—creating towards a preferred situation. However, when making
from a design research standpoint, the artifact serves as a provisional construct, one
that reinforces understanding and allows the researcher to pivot, reflect and use the
artifact as a springboard in the decision making process. In this context, there is less
importance given on the actual artifact itself but rather what was learned through
reflection and can be abstracted from its process of creation. Alternatively, a designer
that is involved in making activities without a research agenda, usually stops with the
conclusion of the artifact.
Motivationally speaking, the designer is perhaps not as interested in considering the
greater context of how their actions impact society as a whole. Making as it relates to
societal impact would be more of an instance of critical making endeavors, where making is used to “bridge the gap between creative physical and conceptual exploration”
(DiSalvo, 2009, pg. 48). Although critical making advocates practice based engagement and in doing so shares similarities with making in a design research context,
it appears to target more traditional scholarly fields of science and technology studies, information studies and communication and is largely focused on socio-technical
issues (Ratto, 2011). In my particular projects, making provided the means to tangibly
explore ideas towards addressing an inquiry. In this sense it can be considered Design
Oriented research in that “the knowledge that comes from studying the designed artifact in use or from the process of bringing the product into being should be seen as the
main contribution—the ‘result’—while the artifact that has been developed becomes
more of a means than an end” (Fallman, 2004, pg. 2).
In contrast to critical making, my inquiries were not specifically interested in any
greater social impact or questioning social norms. Furthermore, the work described
in this thesis does not cover how athletes relate to each other or society specifically,
but rather focuses on the personal and individual experiences of athletes. Experiences
such as the presumptions, meanings, beliefs and individual worldviews. Taking Fällman’s depiction of the design research continuum, he states that “design practice’s
main concern is to create change” and in order to do so “take into account all aspects
of life” to get at the real in a given context (Fällman, 2009, pg. 3). In doing so, designers expressly rely on judgment and intuition within the decision making process. To
further Fällman’s continuum, I believe that making, as employed in research endeavors, diverges from making as a design activity where the intentions shift the exercise
to one that is used for purposes of furthering understanding and creating intermediate knowledge (Fig. 3-5).
In the process of creating the Climbing Sleeve project, I constructed a device that I
intended to use towards informing body mechanics during the act of climbing and
while the artifact itself, didn’t work the way I had envisioned, it was through the act
of making it where I was able to abstract certain notions in which I subsequently
applied to the Heel Hook project. In other words, reflection on this particular activ-
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Fig. 3-5: How making informs research activity. Adapted from (Fällman, 2009).

ity, coupled with the act of interfacing with participants, provided the means to pivot
to another design incarnation (Griptile and Morpheel) that took on a completely different form factor but shared particular underlying characteristics, namely creating
the conditions for receiving information while actively engaged in another activity.

Why Make?
There are perhaps other approaches that one may elect to adopt when fashioning
ideas into artifacts. Ideas could for instance be outsourced, in that one may hire a 3rd
party to execute and create on their behalf. I would argue however, that this creates
a disconnection with the material that the researcher is attempting to engage with.
Outsourcing stipulates that the design researcher has very clear criterias about the
desired artifact; leaving little room for experimentation or curiosity. Furthermore,
there would be an absence of the sense of discovery along the way, or the richer
insights gained into specific characteristics of a materials properties obtained only
through active engagement and manipulation. By adopting a makers stance, the
researcher retains a curious outlook on the world, and through the act of making,
informs their understanding or what I like to call the maker's eye. Just as constructivism was interested in contesting the norms of its period, perhaps this similarly necessitates an understanding of what maker culture is a reaction against - or movement
towards and why this tension needs to be present.
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To foreground a discussion that I will present in Chapter 5, I would like to mention
here a connection with Borgmann’s theory of the device paradigm (1984; 1992; 1999;
2000; 2009). He uses this term to describe the social conditioning derived from the
fact that through the last half century people have been further and further removed
from the process which is involved in the assemblages of the objects and devices that
one uses daily or actively seek to acquire. Today, everything acquired commercially,
designed to satisfy the needs of a consumer, tends to be packaged and its functionality is prescriptive of its use. Borgmann advocates that human activities are necessary
practices’ which make life meaningful. These activities lead to stimulating pursuits,
and engage our creativity and ingenuity. I have described above how contemporary
notions of the maker is not new but has been ever present to varying degrees under
numerous guises. Following that we can perhaps consider the Artist-Constructor as
a maker of the early 20th century and engaged in a practice that provides meaningful
endeavors to the individual. If we examine closely the process that the Soviet painter
and architect Vladimir Tatlin undertakes and his relation to materials one can see
a similarity with today’s makers in the sense that his use of materials provide him a
means to explore possibilities of creative expression. Similarly, the modern maker can
be seen sourcing a variety of materials, sensors and actuators and combining skilful
processes such as additive manufacturing, laser cutting and soldering to create an
artifact that represents their intended function and in the process of doing so, challenges Borgmann’s device paradigm as he describes it. In both cases a running dialogue
with the material is present and although one may perceive Tatlin’s material choice of
glass, wood or steel a raw material without complex technological properties they are
still materials that have undergone a certain level of refinement through the technologies of an industrial era. Advancements in contemporary technologies and miniaturization afford today’s maker the same abundance in the use of sensor technologies,
techniques and services. In other words although the materials have changed, the
practice of curiosity fuelled exploration is largely the same.

Deconstruct, Unpack and Reconfigure
So far I have discussed the importance of making and its role in supporting the reflective decision making process, and now I would like shift discourse to the importance of unmaking (while seemingly paradoxical) is an equally important activity in
creating understanding. To illustrate this further, if one can agree that mechanical
machines such as a 19th century sawmill are comprised of components that are easily
viewable and can be observed. These gears, pinions, arms and pulleys are in a sense
transparent to their function and manipulate each other in accordance to the laws of
physics and actuate under some form of power. Through observation, one may be able
to deduce (to varying degrees) how the machine works. In contrast, digital devices,
while existing in circuitry, code and utilizing electrical signals are less observable or
rather require instrumentation to observe their function.
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As Borgmann states:
In the progress of technology, the machinery of a device has therefore a tendency to become concealed or to shrink. (Borgmann, 1984, pg. 42)
As technology advances, it simultaneously shrinks and by doing so encroaches more
upon the various facets of our lives. To the average consumer it fades to the background and its inner workings become a mystery. It is in a sense ‘black boxed’ and
we are distanced. So how can we design with a material we do not really understand,
due to its concealment? From a broader standpoint, people today are inherently interacting with layer upon layer of abstractions. To put this into perspective the concept
of abstraction—when discussing code in software engineering— is a technique for
arranging the complexity of computer systems whereby “The essence of abstractions is
preserving information that is relevant in a given context, and forgetting information
that is irrelevant in that context” (Guttag, 2013, pg. 49).

Atoms

Software Layer

Transistors
Gates
Microarchitecture
ISA
Assembly language
Operating system
High level language
Application

Fig. 3-6. Computer Hierarchy
showing levels of abstraction.
Copyright Alan Clements.
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Hardware-software boundary

What this basically means is that there is layer upon layer of code that one could
imagine as a series of rings emanating from the core (Fig. 3-6) which is essentially
comprised of the atoms from which the computer is made. Each ring is representative
of a level of abstraction and while a coder may specialize in a particular layer—knowing its notation and characteristics—no one person would be able to sufficiently comprehend the entire whole.
One way of mitigating complexity is active engagement and practical use, to bridge
theoretical understanding to practical ones. To expand further, It is through the use
of an artificial sensor that we can start to appreciate or divine its characteristics and
behaviours, the nature of the sensor begins to emerge, which gives us thoughts about
its application and configuration. Attempting to grasp a sensor’s capabilities can be
derived through the reading of datasheets resulting in a form of prehension—a sort
of anticipated sense of its behavioural functionality. At this point, theoretically the
sensor may be appropriate for use in a project. However it is only through active use
of objects where it is possible to truly reveal their characteristics and fit-for-purpose is
achieved (Sennett, 2008, pg. 161). Employing a constructive design stance allows for
multiple configurations of ‘things’ (in this case both analogue and digital, natural and
artificial) and promotes understanding to the creator, which in turn creates conditions
for explorative discovery by opening a dialogue with these materials to the effect of
incorporating them for use. In other words, in order to make, we require an understanding of what things do and so it is equally important to unmake or rather open
up, hack, identify and explore their properties.
This curiosity transcends a level of abstraction and is the key ingredient in addressing
an area that is becoming more crucial, given the current trend in the miniaturization
of technology, exponential expansion of wireless access, capacities and an ever evolving pervasive, digitally connected world. There are of course other ways of approaching the notion of heightening awareness through technology such as conducting
empirical studies and exercising highly standardized and coded data collection and
analysis procedures. While I don't discount these methods as a way of exploring this
topic, this particular research approach relies on more qualitative methods to foster in depth understanding of human behaviours, attitudes, actions, motivations and
explicit/tacit knowledge.
Utilizing a making approach, is conducted with the intention of reducing the distance between researcher and subject and by not following the hypothesis-verification
process to be open to dialogue and unexpected events. Furthermore, this method
of research places great importance on the skills and competences of myself within
the topic area to leverage personal knowledge and empathic understanding that one
would not have using an evidence based approach.
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The Implications of Integrated Making Practices
The creative uses of additive manufacturing, converging hardware and software using
open hardware initiatives, cloud based services (especially that from the Internet of
Things) is transforming business models, empowering start-ups, and enhancing or
drastically altering existing educational tools. For these trends to thrive, the conditions necessary to support what this shift demands will need to follow. Conditions
such as novel Licensing practices like GNU (General Public Licensing) that emerged
from the 80’s with openness and sharing woven into the very core of the license
requirements and has been of enormous impact to open source, maker centered initiatives such as the Arduino5 platform.
However, to truly integrate making practices and manage the vast impact on communities, requires looking at the broader ethical and economic implications raised
through the culture of making. Concerns around personal privacy, health and social
disruption must all be urgently addressed if society is to successfully navigate this
data driven transformation of all aspects of business and technology. For example,
if everyone has the ability to make, should they do so? What if the objects and artifacts that people make are harmful to the well-being of others? i.e. 3D printed guns.
Who is liable when things go wrong? The manufacturer of the tools or the creator?
Where does that line get drawn and who decides that? Can existing legislators with
their reputed snail paced policy updating within governmental sectors even keep up
with these changes? These important issues are crucial in thinking about how we are
to embrace a culture that supports a world of creators, inventors and perhaps more
importantly contributors in an ever evolving, technically enriched society.

Craft, Making and the Professional
The distinction between craft and making is an important one to make. One may tend
to confuse the two terms but they are actually quite different practices. According
to Sennett (2008, pg. 172), in order to become a true craftsperson it takes roughly
10,000 hours of engagement within a specific activity to become adroit or master
of the domain of practice. If one were to accept this notion, then by sheer virtue
of the fact that a maker—by contrast, only engages with a skill to the point where
they can employ the acquired skill towards the operation of realizing their creation.
In this sense, the maker cannot fulfil the definition of a true craftsperson. They do
not engage in an activity so deeply that they achieve mastery. In other words craftsmanship requires specialized skills and making is more interested in the acquisition
of general skills. Although the act of making can elicit specific bursts of skill, the
process of engaging with materials however is shallow in comparison to craft. As
5 Arduino is an open-source project involving microcontrollers used for building
digital devices and interactive objects. See https://www.arduino.cc
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Sennett suggest “the craftsman is dedicated to good work for its own sake” (Sennett,
2008, pg. 20). Where the craftsman will have deep and intimate knowledge about the
materials they craft with, the maker only has nominal working knowledge; enough
to manipulate the material to the desired purpose. The maker becomes a master in
another sense. A master in obtaining skills and knowledge to the effect of fitting them
for their purpose. The desire to do good quality work is surpassed by the desire to
achieve functionality and for their creation to be experienced. This is not to say that
a maker cannot aspire to be a craftsman or a craftsman cannot dabble in other forms
of material engagement, but when undertaking the process of making, one must wear
many hats (so to speak); as a result this defeats the very idea of speciality.
David Pye who was a professor of furniture design at the Royal College of Art, compares the act of craft as one that engages with a certain element of risk. Pye refers to
this as workmanship of Risk (WoR) in which while engaging in the operation of the
craft, the craftsman must contend with the possibility that one wrong move might
ruin the object they are crafting (Pye, 1968). This is in contrast to Workmanship of
Certainty (WoC) which can be argued is what Industrial design practice seeks to
fulfil, where the results are replicable and quality is assured throughout the building
process.
Making does however, share some similarities with craft in the sense that there is
an element of risk and the outcome is not assured. As previously stated, the makers
process is not a frictionless one but rather a constant struggle to assess, acquire skills,
reflect and experiment, resulting more often than not in certain degree of failure and
obstacles that need to be overcome.
Furthermore, the maker can also be distinguished from the professional in a way that
the professional has acquired skills through years of practice but employs rational
and operational workflows when addressing tasks stemming from a model of technical
rationality (Schön, 1983). Again, the professional engages in rigorous practice that
often avoids “uncertainty instability or uniqueness” (Schön, 1983, pg. 312). This contrasts the maker in that the makers’ practice is non-mechanical in approach, explorative, often uncertain and guided by curiosity coupled with high degree of reflection
throughout the process to address unique situations—which counters the model of
technical rationality. Here the attributes of the craftsman and the maker share a similarity, namely Sennett's assertion that:
The craftsman, engaged in a continual dialogue with materials, does not suffer
this divide (Sennett, 2008, pg. 125)
The divide Sennett refers to is understanding in relation to doing and through the
process of engagement we can in turn, inform the mind.
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The Coordination Trinity: Hand, Eye, Mind
The hand is a complex and intimately investigated appendage. An enduring object of
study for Paleoanthropologists to pinpoint the emergence of the modern homo sapiens from the earlier hominids with the distinction of the opposition of the thumb in
relation to the other fingers. This particular biological evolution led to greater dexterity and brought about the capability for man to hold and manipulate objects resulting
in the ability to fashion artifacts such as tools and crockery-arguably spawning the
birth of reflective practice. Physiologically speaking, the hand possesses a dense network of nerve endings, giving us the ability to experience rich tactile feedback.
In some cases the complex movements of the hand as aided by the brain is difficult to
translate into words, this is commonly known as tacit knowledge. Inherently any profession that relies on a certain measure of skill to expedite a task using the hands, carries with it forms of tacit knowledge so deeply engrained in its practitioner that they
are almost unaware of its presence. As Richard Sennett illustrates in “The Craftsman”
with examples of the glass blower, pianist and kitchen cook (Sennett, 2008), these
professions rely on the mixture of parallel processes between the Hand, Eye and the
Mind. In these activities as with many others, repetitive movements become ways
of programming the brain and establishing patterns that can repeated at will with a
certain amount of accuracy.
Likewise, the hand is a crucial instrument for the maker as well. In this case, the
appendage is the interface between the material that is being handled and the mind
which is engage in the activity of sensemaking. The resulting dialogue that occurs
during this transaction, allows for the decision making process to progress-thus clarifying the designerly vision. Indeed this sort of direct object manipulation inspired
the HCI community within the context of the desktop metaphor to build interfaces
that could be responsive allowing the user to directly affect an object on the computer screen—such as dragging the corners of a rectangle with a mouse to resize the
object. Today remnants of this line of thinking remain, when considering the touch
devices that are widely utilized such as smartphones, pads and other such ubiquitous
gadgetry.
Two centuries ago the philosopher Immanuel Kant wrote that the “hand is the window onto the mind” (as cited by Sennett, 2008, pg. 149) and what can be perhaps
inferred here is that there is no adequate substitute for physically touching, holding or
interacting with the world than through the use of our hands. To make an adaptation
of Kant’s sentiment I would ask the reader to consider that the hand informs the maker’s eye or as Sennett elegantly put it “when the head and hand are separate, it is the
head that suffers” (2008, pg. 44). Our hands are our point of contact to how we feel
the world, our nerves the conduits to relaying information and as such are less prone
to giving misinformation such as the optical illusions that we may encounter through
vision. As Larssen, Robertson and Edwards Suggest:
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Action directs perception: we move our fingers to touch; we turn our heads
to catch a sound or to see. Merleau-Ponty said that vision is the brain’s way of
touching (1962); as well, we could say that touching is one way the body sees.
Sensing and motor skills are in constant dialogue, performing in concert. The
organisation of our movement patterns depends upon our habits of perception
(2006, pg. 330).
Being dextrous is synonymous with being skilful or handy and becoming adept with
our hands is a universally desirable achievement. Obtaining good manual dexterity
is the difference between championing the use of chopsticks; or skilfully playing a
musical instrument.
When the hand and mind are disconnected, lack of focus can ensue or as the saying
goes; idle hands leading to idle minds. Thus, when one talks about engagement with
our physical world, in order to gain knowledge about it and make assessments thereby
stimulating thought processes, it is perhaps important to acknowledge the central
role the hand plays in this affair. This is precisely the reason that when considering
alternatives for heightening awareness a great deal of the research project explorations
detailed in the activities chapter focus specifically around the hand.
Martin Heidegger has also written in extensively on extending the hand through the
use of tools in his concept of readiness-to-hand. In his book “Being and Time” first
published in 1927, he uses the example of a carpenter engaged in the activity of his
trade, loses awareness of the hammer as the hammer becomes an extension of his arm.
The tool is absorbed and during that moment the object effectively disappears from
the carpenters’ awareness (Heidegger, 1962, 15:98). Some of these concepts will be
further discussed in Chapter 6, specifically with the Griptile and Morpheel projects.
Suffice it to say that as the hand is crucial for how we perceive the world, simultaneously to a maker the hand is a key component in the creation, exploration and execution of the projects themselves, actively employed in the task of manipulating the
material of engagement.
In the next chapter we’ll highlight and discuss how the hand and correspondingly the
body is the departure of interest in various research initiatives for exploring embodied
interactions.
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3.10 Summary
Utilizing a mixture of methods comprising of (1) immersion within cultural communities of sports to gain access to the unique qualities and conditions that one may
encounter in this context (2) observing and isolating particular aspects of sport to
search for experiential aspects that serve as opportunities for interventions (3) conducting co-design workshops and creation of boundary object that embodies my personal experiences (factoring my hermeneutic horizon) as a way to solicit input and
bridge understanding between myself and research participants around a concrete
object (4) Investigating potential futures, as a means to tease out and provoke conversations about whether I am steering towards desirable or preferable states and finally
(5) Employing making as a means to explore technological interventions as it pertains
to enhancing human experiences while conducting sport. These activities were conducted with the overarching research intent of constructive design. Leading to the
assumption that I can address my inquiries through the design and construction of
physical artifacts as guided by designerly thinking, intuition and my understanding
of the topic of study. This was performed with the intention to find methods and
approaches that suit the purpose of exploring whether technology can be leveraged
to heighten athlete awareness during performance, while retaining the core aesthetic
experience of sport.

92  | 3.10 Summary

CHAPTER 4
RELATED
RESEARCH
As mentioned in the first chapter, this thesis is mostly
concerned with the nexus between Human Computer
Interaction & Sports (HCI-Sports) and User Experience (UX). The HCI community has been paying
closer attention to sports over the past few years due to
the proliferation of the consumer-oriented technologies
that are being widely produced, not to mention the corresponding services that target sports, recreation and
wellbeing (Mueller, O’Brian and Thorogood, 2007;
Jensen et al. 2015; Kajastila and Hämäläinen, 2015;
Knaving and Woźniak, 2013; Nylander, Jacobsson,
and Tholander, 2014; Vaara et al. 2010). Innovative
designs and sporting applications are being explored
in parallel from both tech companies and academic
institutions and both levels are effectively feeding and
inspiring one another—while having vastly differing
motivational factors. Tech companies being fuelled by
economic gains; academic institutions by knowledge
generation and dissemination. Some researchers in the
HCI community consider the human body as a crucial element when interacting with technology (Dourish, 2001; Clark, 2008; Kaptelinin, 2006; McCarthy
& Wright, 2004; Klemmer et al., 2006) while others
place the human body in the center of how we experience technology (Hummels et al. 2007; Loke & Robertson, 2010, 2013; Fogtmann et al., 2008).
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It has been suggested however, that HCI is not particularly used to dealing with
experiences stemming from activity, possibly attributed to its history:
HCI grew out of collaboration between the disciplines of computer science
and psychology, the academic aspects of both of which are more comfortable with the laboratory than the outside world, and directed more toward
functional accounts of computers and human activity than toward experience
(McCarthy & Wright, 2004, pg. 6).
When considering technological approaches to sporting activities, there are a number
of challenges that need to be specifically addressed. Challenges such as how we actually interact with devices while moving and partaking in sporting experiences— and
doing so without significantly affecting the core attributes of the activity.
While positioning this thesis between HCI-Sports and UX, I apply a particular
method (highlighted previously in Chapter 3) namely; employing a construction centric design method resulting in a make-to-learn approach towards exploring the creation of experiential prototypes. This thesis is not focused on a specific modality but
is more concerned with a varied mix of design elements within particular contexts.
As such, this chapter discusses investigations towards deepening understanding of
the cope of projects both within the academic and commercial spheres in wearable
and movement based computing as it relates to sport while factoring in the human
experience. One particular area of interest, is how other researchers approach sports
and their implementation of technological based prototypes as well as the fidelity of
such prototypes and the experiential qualities explored.
The objective of this chapter is to first identify previous research within the domain
of HCI and Sports and try conjure the setting of the various approaches to prototype
driven practices within this nascent area. I will then explore some commercial initiatives that became available during the writing of this thesis and discuss aspects of
their functionality and impact.
It is worth mentioning, that there are also a number of biometric and engineering
driven contributions in the field of sports technology and engineering which are of
great interest, ranging from quantifying performance to targeted movement analysis
see for instance (James et al. 2004) and (Fuss, 2010). The prototypes I create in this
thesis however—while having some technical implementations—are more relevant in
qualitative explorations that focus on the experiential aspects, utilizing design thinking within particular contexts; whereas the more physiological approaches apply analysis and look for rationalistic evidence towards deductive reasoning thus discounting
individual experience.
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The examples to be discussed in greater detail below, in many ways inspired my own
approach, while allowing me to map my work within the larger context of the design
research discipline. It is through this holistic overview, where I can start to materialize my contributions to the research community and gauge how my particular blend
of methods contrast or compliment others.

4.1 What is HCI-Sports?
There have been some significant contributions in recent years within the field of HCISports, but rather than provide an exhaustive account, I have attempted to highlight a
few projects that serve to illustrate what others have achieved in this domain. Sports
elicit many of the qualities that serve as points of departure for interaction design.
Qualities such as motivational factors, social elements, tacit knowledge and play to
name but a few. Due to the rise of connected technologies and its pervasiveness, sports
have fast become an area of particular interest for consumer-oriented manufacturers
of technologies and have similarly piqued the interest of the HCI community. The
projects outlined below are handpicked to show the variety of breadth in both the
technical approaches, methodological and the various sporting areas explored in this
emerging research field. I have endeavored to segment these examples into four main
themes identified by Nylander et al. (2015) when designing for HCI-Sports. The
themes are broken down as follows:
• Feedback

• Bodily awareness and control
• Skill development
• Sociality

Feedback
There has been more attention as of late, towards considering the human body and
how to explicitly design for the complexities of bodily interactions. One such research
facility exploring this area is the Exertion Games Lab headed by Florian Mueller.
Among their many projects related to sports, I include 4 Design Themes for Skateboarding (Pijnappel & Mueller, 2013) which looks at visualizing a skateboarder’s trick.
This project provides a post activity playback visualization which allows the skateboarder to reflect on the movements they just performed and allow the skater to make
adjustments to their skating style to achieve varying results. Through interacting and
exploring the technology, the skateboarder adjusts their behaviour to create various
visualizations and as a result, the system affords access to another perspective of the
analyzation of movement while skateboarding. This project featured a projection that
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shows the recorded trick, and also a tracked trajectory of the skateboard—offering a
lingering visual feedback of the movement. Some variations of the project featured
sound that was utilized in the setup and could be played upon successful landing of
the trick as a form of sonic feedback. This exploration had 12 prototypes variations
in total that were evaluated and exhibited various qualities, however most prototypes
tended to focus on supporting the post activity reflection or in this case ‘post trick’
offering a recorded visual to allow the skateboarder to reflect and assess their actions.
Another approach to feedback can be exemplified by the Ziklo project. This research
initiative, developed by Huxtable et al. (2014) are wearable sleeves—worn on the right
and left wrist—that connect to a smartphone via bluetooth and provide vibro-tactile
feedback to the rider. The purpose of this approach was to provide cyclists with a
screen-less based wayfinding device that would not distract the cyclist engaged in the
act of cycling. Before embarking on a cycling journey the user presets the desired route
and destination; putting the phone away in their pocket when completed. During the
cycling journey, the wayfinding application on the phone sends commands to the
sleeves when an upcoming turn is required. Through use of the application, the user
can also customize the vibration patterns of the sleeves and during the act of cycling,
the sleeves iterate through three stages of notification as the cyclist gets nearer to
the impending turn. Through user testing the authors concluded that the sleeves are
an unobtrusive wearable technology that does not distract from the environmental
factors that cyclists experience. Other initiatives that explore feedback in a sports
and technology setting can be exemplified by Nylander, Tholander and Kent (2013),
Caramiaux, Donnarumma and Tanaka (2015) and Wilde, Schiphorst and Klooster
(2011) which are all initiatives that deem feedback as an integral part in informing
bodily awareness through technology.

Bodily awareness and control
Some HCI-Sports research targets movement elements such as body mechanics, balance and coordination are common themes to many actions sports. Along this vein,
the ClimbAX project (Ladha et al, 2013) utilizes a purpose built armband which measures and quantifies climber's movements when climbing in an indoor environment
and allows climbers to consult a dashboard-like interface to assess their climbing style
(Fig. 4-2b). This wearable sensing platform provides visualisation analysis of a climbers’ power, control and stamina enabling them to make decisions about where to target their training while striving for peak effectiveness. This particular approach echos
my initial Blackbox project (discussed in Chapter 6) which seeks to quantify cyclists’
movements during riding sessions. What is interesting about the ClimbAX system is
that it is designed to be as unobtrusive to the act of climbing as possible. The climber
wears the band and climbs as they would normally and the wearable band instruments
and records the various climbing movements, sending the data wirelessly to a computer for graphical representation. What I think may be missing is the lack of on-the-
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Fig 4-2a: ClimbAX bands as demonstrated by a climber preparing for a sport route.
Fig 4-2b: Dashboard style readout of the ClimbAX system.
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fly feedback or the ability to set parameters to notify the climber about performance
metrics during the activity. However, another compelling element of the ClimbAX
system is the climbers’ ability to wear multiple devices. A band for each hand (Fig.
4-2a). This places the system in the class of Body Area Networks (BAN) a relatively
young but progressive field of study (Chen et al. 2011). A BAN is a collection of distributed sensors on the human body that gather information and wirelessly transmit
to a bay station for analysis. To date, BAN systems have been experimented with in
the Medical Sector (Armstrong, 2007) but the concept is becoming an increasingly
important area of research for sport sciences6 as the miniaturization of technology
allow for smaller device form factors and embedded sensor technologies to be worn in
close proximity to the body without inhibiting movement.
Both aforementioned approaches (skateboard & ClimbAX) focus on post-activity reflection to inform how to correct behaviour in order to achieve more desirable
results. But how would one be able to affect behavior while engaged in the actual
activity?
Another project that explores providing meaningful feedback while in the performance of the activity is Kajastila & Hämäläinen’s Augmented Climbing Wall (2014).
This project combines projected feedback and computer vision technology on an artificial rock wall to engage climber’s interested in supporting motor skill learning and
improvement of body mechanics during climbing. Kajastila & Hämäläinen explore
six different prototypes that range from exploring notions of motivation, gamification, training support programs, body mechanic reflection and skills translation. The
authors conclude that while the results of the study proved to be promising insofar as providing tools to promote improvement of climbing ability and enhance the
experience of training activities, the main issue in their setup was occlusion due to
the method of using projected graphics. Additionally, Fuss and Niegel explore the
instrumentation of climbing holds for assessing climber performance (2006, 2008,
2010) when performing certain actions such as dynamic climbing moves and while
this system provides quantifiable data of the forces exerted on a given climbing hold,
the results can only be experienced post-activity.

Skill Development
Many sporting activities have a skillful element to them which its practitioner seeks
to improve through engagement and constant practice. Jelle Stienstra attempts to
address skill improvement with his Augmented Speedskating project (Stienstra et al.,
2011) in which applied movement sonification is explored. By attaching sensors to a
speed skate, Stienstra is able to detect and translate skaters’ movements to sound and
transmit this wirelessly to a coach. This approach enables analysis of a skaters’ gait by
translating the movements of each leg and the contact with the ice into sound.
6 See http://bodynets.org/
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With this method, a previously injured speed skater can make adjustments to their
skating style, to try and achieve better form as both the skater and coach can audibly
hear the skate blade as it connects with the ice. Another advantage to this setup, is
that a coach is typically sitting off the ice and is normally able to only visually view the
skater from a distance. This method, extends a coach's influence by giving real-time
feedback about the skaters’ behaviour during performance. Sensing and augmenting
the skaters contact with the ice, allows for in-activity and post-activity analysis of the
skaters gait while skating, in which actions can be taken towards changing behaviour
to achieve the desired form. In a similar manner, Schaffert and Mattes explore acoustic feedback in rowing (2011, 2012) to enhance athletes perception when executing
particular movements. Through providing sonic feedback mechanism, Sofirow allows
the rower to adapt their style during performance to achieve an enhanced subjective
experience and improve their overall rowing technique. Another research initiative,
which uses a combination of sonic and visual feedback can be exemplified by Tac Towers (Ludvigsen, Fogtmann & Grønbæk, 2010) which similarly focus on elite athletes
in order to support “psychomotor abilities” (Ludvigsen, Fogtmann & Grønbæk, 2010,
pg. 412) through the creation of a system that stimulates skill training for handball.

Sociality
Mueller, O’Brian & Thorogood (2007) explore a remote running project where joggers are connected through technology in an effort to motivate each other and socialize in geographically separated locations. Through the use of spatial audio, a jogger
receives cues that allows them to detect whether their partner is changing pace. The
system promotes a synchronization between jogging partners towards a shared running experience. Additionally, a more advanced runner can motivate an intermediate
runner without worrying about leaving the runner behind as the system digitally
connects the runners together. The author’s explore novel social interactions using
spatial audio support and have concluded that the prototype can fulfill users motivational desires by connecting joggers together; stipulating that this method could perhaps be abstracted to other applications. There are other research projects conducted
around the theme of collocated jogging activities such as Mueller, Agamanolis &
Picard (2003) and Stevens et al. (2007) that serve to share the experience of jogging
distributively. Similarly, Mueller & Gibbs describe a ping-pong inspired project that
seeks to connect players in geographically distant locations to create a “collocated
physically leisure activity” (Mueller & Gibbs, 2007, pg. 1) using telecommunications
technology to connect up to three players. Another social approach that relies on
haptic feedback can be characterised by the Telephonic Arm Wrestling project, which
is a networked, haptic arm wrestling machine (White & Back, n.date; Haptic Arm
Wrestling …, 2004) that engages collocated people of various ages and adjusts force
via a strain gauge sensor.
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The themes mentioned in the previous section, are some that are prevalent and worth
considering when designing for HCI-Sports and in many cases exhibit some overlap.
For instance the augmented speedskating project while I classified it under skill development, could also be considered under bodily awareness and feedback categories which
also holds true for the Augmented Climbing Wall as well as other examples described
previously.
Furthermore, Marshall & Tennent conduct a study where they evaluate the way that
people use devices in various physical activity contexts (2013). The authors claim that
true mobile interaction as it stands today essentially does ‘not exist’ and that designing
meaningful interaction is difficult to achieve by purely relying on screen-based platforms. The authors identify four main challenges to contend with when designing for
interaction in motion.
1. Cognitive Load: This involves the increase in cognitive load to a user while
simultaneously interacting with their device as they navigate through an environment or are already immersed in an engaging activity.
2. Physical Constraints: There are certain realities that pertain to our bodies that
one must contend with such as the positioning of body parts. Additionally
the use of interactive systems in certain contexts may conflict with interaction
with devices or systems. For example the use of a tapping on a phone screen
and running can prove difficult when doing them at the same time. Or as the
authors state “In many forms of movement activity… the movement of both
arms and legs are heavily constrained to particular patterns; design interaction
for such situations requires a radically different approach” (Marshall & Tennent, 2013, pg. 2074).
3. Terrain: can change due to weather conditions and may impact the way that
devices are interacted with. Additionally obstacles may appear such as in traffic situations that prompt decisions and require immediate attention. Marshall
and Tennet describe that in addition to increased mental attention, the complexity of the terrain will “also ideally require hands that are free to move in
order to balance” (2013, pg. 2074).
4. Other People: Involving the social aspects of exercise, this challenge relates to
how social networking has influenced people’s behaviour when it comes to
sport and the consequences of sharing experiences within a particular community as discussed above with the connected jogging example Mueller, O’Brian
& Thorogood (2007).
Being aware of the challenges involved in designing for movement serves as a good
starting point but is only partially paves the way towards designing meaningful
enhancement in designing for heightening awareness in sports activities. Often a lot
of what is occurs when using interactive systems comes down to experience.
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On the one hand the act of performing an activity is an experience itself but at the
same time people experience technology in a particular way and those experiences
can shift under various contexts and conditions. So it is for this purpose where it is
important to be cognisant about the types of experiences to consider when designing
for movement activities in order to complement the existing subjective perceptions of
sporting experiences and not conflict with them.

4.2 Defining User Experience
Researchers and designers from the academic and private sectors alike are beginning to realize the advantages of factoring experience into improving performance
as “more and more systems emerge that do not only focus on enhancing athletic performance, but rather aim to support the user experience as a whole, enabling also
novel interactions” (Mueller, 2015, pg. 870). Despite the presence of technical means,
knowledge of how interactive systems can be leveraged to support sporting experience
with respect to users are limited.
There are numerous accounts and definitions of User Experience (UX) today. The
Nielsen-Norman group define UX as “All aspects of the end-user’s interaction with
the company, its services, and its products” (Norman & Nielsen, 2016, n.pag). While
McNamara & Kirakowski describe UX as something that “considers the wider relationship between the product and the user in order to investigate the individual’s
personal experience of using it“ (2006, pg. 26).
Despite the various definitions, most seem to allude to the same thing; mainly that
experience transcends the boundaries of simple product/system/service-to-user interaction to incorporate in many other variables such as environment, duration of use,
circumstances and the wider usage contexts. As Don Norman states:

Designers need to make things that satisfy people’s
needs, in terms of function, in terms of being
understandable and usable, and in terms of their
ability to deliver emotional satisfaction, pride, and
delight. In other words, the design must be thought
of as a total experience (Norman, 2013, pg. 10).
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This holistic approach to designing experiences has been very influential as of late.
Designers have realized that greater impact can be achieved with their designs, if
they pay close attention to experiential elements surrounding them. One approach
to determining if a product, service or system exhibits good qualities of user experience, is to compare it to the UX honeycomb developed by Peter Morville as seen in
figure 4-3.
Morville’s UX honeycombs are inquiries that are designed to determine if a system,
product or service adheres to certain aspects of what a user may perceive. The designer
is asked to effectively imagine or attempt to determine whether for example a service
is usable, useful or desirable etc. to be able to get an idea of how the service may rate–
in a UX sense.

useful
usable

desirable
valuable

findable

accessible
credible

Fig. 4-3: User Experience honeycomb
adapted from (Morville, 2010, pg.29)
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Fig. 4-4

More specific to the interaction design discipline, when talking about designing
experiences Forlizzi and Ford offer a framework (Above, Fig. 4-4) containing four
dimensions of experience to consider; described as cognitive, sub-conscious, narrative
and storytelling (Forlizzi and Ford, 2002).
In this framework, sub-consciousness experience can be considered as “a series of
activities that have been collapsed into routines” such as rituals or even products that
are often well practiced with for example “a professional snowboarder who uses the
board as an extension of the body” Forlizzi and Ford, 2000, pg. 421). These experiences are not at the forefront of awareness and as such do not actively compete for
attention or impede the thought process.
Cognition is used to describe “experiences that require us to think about what we
are doing: interactions with new products, interactions with confusing or unfamiliar
products and environments, or tasks that require attention, cognitive effort, or problem-solving skills” (Forlizzi and Ford, 2000, pg. 421). There is inherently a learning
element involved during this experience, that occupies a person's time and focus to
achieve. Whereas narrative is used to represent the experiences that are “formalized
in the user’s head” or in the case of a design artifact “a products set of features and
affordances offers a narrative of use”. This can be linked to the way a user interacts
with these features and affordances but the authors utilize storytelling to describe the
context in which these narratives are perceived; such as “location, prior experience,
and current emotional state, to make a unique and subjective story” (Forlizzi and
Ford, 2000, pg. 422).
Again as was the case with the themes described with HCI-Sport previously, often
these depictions of experience do not exist in a vacuum, but are relatable and crossover to one another, however the authors argue that close attention to experiential
qualities will provide more meaningful user experiences—essentially leading to better adoption of a product, system or service.
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There have been some numerous research endeavors that specifically pay close attention to experience in interaction design such as the Illuminating light project (Underkoffler and Ishii, 99) which aims to provide a platform for students who wish to learn
about optical systems through the configuration and placement of tangible objects. In
this example, users experience a lower threshold for using the system as the experience
of moving physical blocks gives way to immediately experiencing angular reflection of
light in real-time. Similarly the Kiss Communicator focuses on the experiential aspects
involved in the interactions of sending remote kisses (Buchenau and Suri, 2000).
Designed to connect physically separated people, this project explores how something as sensual and intimate as a kiss can be explored and translated to a collocated
experience in order “to facilitate the exchange of emotional content between people”
(Buchenau and Suri, 2000, pg. 8). Further work in exploring experience from a product design perspective, can be seen by Schiphorst and Andersen (2004) , Moen (2006)
and Djajadiningrat et al. (2000) whom distinctly give prominence to a designing
for user experience focus over ease-of-use or even a visual aesthetic focus. Hummels
describes that “the designer needs to create a context for experience, rather than just
a product” (as cited in Djajadiningrat, Overbeeke and Wensveen, 2000, pg. 132) and
what is perhaps more relevant (when designing for movement) is paying particular
attention to the body as a whole, not just its physical attributes but its emotional and
perceptual states as well (Djajadiningrat, Overbeeke and Wensveen, 2000).
This thesis approaches experience— particularly related to the experiences perceived— as we interact with our surroundings, while performing sports. Fogtmann,
Fritsch and Kortbek refer to this notion as Kinesthetic Interaction which can be
described as “how we as humans experience the world and hence interactive technologies through our bodies in motion” (2008, pg. 2) as exemplified by (Fogtmann,
2007; Ludvigsen, Fogtmann and Grønbæk, 2010; Moen, 2006). The authors argue
for stepping away from only using a limited part of the body to opening the field of
interaction design to considering new configurations of use and leveraging wider uses
of bodily potential to explore novel interactions. However few, if any examples exist
of Kinesthetic Interaction specifically towards cycling and climbing activities. The
projects conducted within this thesis is better described as working towards Heightening Awareness as the artifacts specifically seek to navigate the experiential realms
between cognition and sub-consciousness. To give an example, the Griptile and Morpheel
prototypes respectively rise through the user's sub-conscious towards cognition when
transforming between active and resting states as expanded on further in Chapter 6.
The intention is that the user is only aware of Griptile when it is active or under some
form of actuation, otherwise is stays under the users sub-consciousness when resting
or not actuated. This is done so that the transaction conducted between artifact and
cyclist, does not interfere with the non-digital activity signals currently being processed and interpreted by the cyclist during an intense activity.
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4.3 Commercially Led Sports Initiatives
At the time of writing this thesis, the number of connected wearable devices Globally was 167 million and is projected to grow to 600 million by 2020 (Cisco Systems
Statistics, 2015). What this essentially means is that wearable technology is making
the shift from early adopters to more mainstream use and finding its footing in the
marketplace. While the previous section was dedicated to related academic research,
this section will discuss some of the initiatives coming from the commercial sector in
the deployment of devices for mass use such as Google Glass, Recon and Pebble and will
critically highlight some of the undertakings of such enterprises.

Google Glass
Although not specifically designed for sports, the Google Glass program was released
with an open SDK that any developer could build platforms on. The uniqueness of
this product was compounded by the fact that at the time of its release, there was
not anything else on the consumer market that exhibited the same specifications.
This fact caught the attention of a software engineering company called Eleks which
released a proof of concept video to explore the potential use of Glass in sporting
activities ("Google Glass Experiment," 2016) who endeavored to illustrate what it
might look like to integrate an Heads up Display like glass into intense mountain
biking scenarios.
Google's Glass product (Fig. 4-5) is a wearable computer consisting of an eye glass
frame with a single, embedded heads up display (HUD). The HUD is transparent
and contains a full colour LCD while the frame contains circuitry that runs a variation of their flagship Android OS and tethers via bluetooth to the smartphone giving
the wearer access to calendars, video chat, sms messages and photo/video recording
abilities through speech. Launched by Google, the glass program was a bold play for
trying to futurize the use of a context-aware devices by bringing it to the masses and
thus challenging the personal display status quo which is primarily lies in handheld
screens.
Before offering the product commercially, Google created a glass explorer program for
which one could sign up for and if accepted would pay a $1,500 USD price tag and
would effectively receive a Glass developer edition to use and evaluate. This resulted
in two things. Firstly it created an aura around the exclusivity of the product and
propagated a desire for individuals to be a part of shaping the future in Ubiquitous
Computing. Secondly, and perhaps more importantly it allowed Google to minimise
the testing phase of a new product by releasing it into the wild and working with their
explorers to involve them in market surveys and analysis towards the development
cycle of the product until it is primed and ready to market. By taking this approach,
Google essentially adopted the Living Lab method mentioned in Chapter 2, stating
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Fig 4-5: Google Glass HUD. Source: Technology news extra.

that they want to “start a conversation and get public input about what Glass should
be” (The History of Google Glass, 2016). The tech giant initially went about achieving this by launching the highly viewed conceptual one day (Fig. 4-5) video, attempting to give a glimpse to prospective consumers how Glass might be integrated into
their daily activities.
One of the interesting elements about the launching of the Glass product and its campaign, was its’ focus on fashion surrounding the release. It's clear that Google sought
to make a splash with the product and as such, the glass team knew that fashion had
to be a major element in the design; otherwise people wouldn't want to put it on their
face. Google sought to align their product with notions that have been circulating
about wearable computing and its integration of technology with fashion. A line of
thinking, that has been predominantly floating on the fringes; mostly contained to
research environments such as the research being conducted at Philips involving the
attempts to alter the concept of dress (Ariyatum and Holland, 2003) not to mention
the subsequent collaborations between Philips and the American denim company
Levis Strauss (Massey, 2001) among others.
So it is perhaps not very surprising that Google teamed up with the famous eyewear
designer Diane von Fürstenberg, resulting in various colourful versions of the product
which were exhibited on the face of models walking down the runway at New York
Fashion week in 2012. Following that, in the September 2013 issue, Glass was featured in the high fashion magazine Vogue under a 12 page segment titled ‘The Final
Frontier’; a sizeable chunk of real estate for such a high end magazine.
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Fig. 4-6a,b: Google Glass as featured in Vogue Fashion Magazine.
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The spread depicted heavily stylized photos of models wearing futuristic fashions,
each of their faces framed by a Google Glass headset (Fig. 4-6a,b). Embedded into
the photo staging, were numerous high end brands of fashion being worn by the models; such items including a coat by Oscar de la Renta, leather turtleneck by Gucci and
gloves by Michael Kors just to name a few; all extremely high end brands. This photo
spread affirmed Google’s blatant and calculated attempt at trying to cast their product
in the light of the exclusivity of high fashion and the company's desire to instigate
almost a fetish amongst its would be users that would interface with their product.
Did Google achieve the success it had hoped for? In Jan 2015 Google announced that
it would be shutting down the glass program and rethinking its strategy. The backlash
due to problems stemming from privacy issues surrounding Glass was something that
could not be ignored. People felt uneasy when standing in a room with Glass Explorers. One concern, was that it was never really evident if someone was being filmed
or photographed by a glass wearer. To illustrate, an incident in 2014 involving a tech
writer in San Francisco resulted in her being assaulted when she walked into a bar
wearing Google Glasses because she was filming patrons; she got a bar rag thrown at
her face (Pachal, 2014).

Fig.4-7: Jerry Seinfeld featured on the cover
of wired with glass. Source: Wired.
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This example and many others of its kind serve to illustrate the social complications
surrounding the Google Glass product in public. As a result, the product was considered by many to be largely unsuccessful. Scarred by reports of abuse and ethical issues
around privacy, Glass was fast becoming a technology that was being banned from
casinos, cafe’s, galleries, the white house, pentagon and events including ironically
some held by Google themselves such as their famous I/O conference. Media outlets
were diligently replacing the phrase Glass Explorers to Glassholes as depicted by the
famous comedian Jerry Seinfeld, published on the cover of July 2014 issue of Wired
magazine (Fig. 4-7).
What Google failed to take into account as perhaps we can infer from some of the
aforementioned events was the issue of context-of-use. What exactly were the glasses
designed to do? The tech giant had endeavored to create an enticing video about
how the glasses might play a role in your life but somehow completely overlooked or
rather underestimated the social behaviours and transactions that occur when people
engage in face-to-face communication. However, Google expressly claim that Glass
is designed the way it is because eye contact is important to humans and committed
to the transparent display so as not to block out a portion of a persons field of vision.
In 2013, I published a paper at the Pervasive Displays Conference hosted on the Google campus. When visiting Google’s famous headquarters, I noticed many employees walking around with the glasses on, during the testing phase of the project. I
observed employees having lunch and conversing with colleagues while wearing the
glasses. At one point I had a conversation with someone wearing the glasses and was
somewhat put off by the fact that they kept staring (unnaturally) just above my left
shoulder. It was obvious to me that while attempting to engage in conversation, the
person I was talking to was also viewing information and while doing so constantly
breaking eye contact and (at least from my point of view) disrupting the conversation.
Later that year, I had a chance to get my hands on the glasses for possible applications
within my own research activities, which are expanded on in Chapter 6 in greater
detail. The fact is, Glass is a astonishing engineering achievement of integration and
miniaturization, housing a five megapixel camera, HD (720p) video, bone conduction speakers, powered by a dual core processor and tethering to your phone with
bluetooth and wireless capabilities. All the above stated specifications crammed into
a 42 gram form factor. As a developmental platform, I felt this unique technology
could have interesting possibilities for context specific application and proceeded to
do several small explorations to that effect, resulting in the Third Eye Climb and
Augmented Skiing and Cycling Projects. Projects that would not have been possible
without the release of the Glass SDK.
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Fig. 4-8: The Recon Jet HUD for cyclists and runners. Copyright Recon.

Recon Jet
Canadian company Recon has taken a slightly different approach from Google Glass.
They also produce a HUD product targeted at the consumer-oriented electronics
market however, their flagship product the Recon Jet specifically targets running and
cycling enthusiasts (Fig. 4-8). The product is designed to provide real-time performance statistics to its wearer while immersed in their activity and what’s interesting
is that they claim to have a technology that only activates the HUD if the user's eye
specifically tilts downwards towards the screen in an effort to minimize interference
that the cyclists may perceive due to information clutter when focus is required calling
this feature gaze detection. It's important to note that the main difference between
Jet and Glass is that the Jet product is not an opaque screen. Meaning that the HUD
occludes a portion of the wearer’s sight. In this sense, this product does not fall under
the augmented reality category as it does not merge information within the physical
world but rather functions as a small screen located close to the face. The company
claims that this is intentional as there are large variations in lighting conditions to
contend with when using a HUD outdoors.
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The Emergence of the Smartwatch
The wristwatch is arguably one of the first truly wearable pieces of technology and
has as of late been emerging more within HCI research as many of consumer driven
smartwatches come with a corresponding SDK (see for instance Tingbacke, 2015;
Blum, 2014, Zhang, 2016 and Oprea, 2016). It is said that the wristband came into
being during the Boer war in South Africa (1899-1901) where soldiers found it cumbersome to both hold a rifle and consult their pocket watch (Ryan, 2014 pg. 35).
Out of necessity, the pocket watch was modified so it could sit on the wrist (then
known as a wristlet) in order to prevent letting go of the firearm (Fig. 4-9). Since
then, the watch has been redesigned countless times over the years, and some Swiss
manufacturers have garnered acclaim and prestige for designing the most precise of
instruments. During the last several years, technological companies have been vying
to redefine this ubiquitous timepiece. One startup in particular achieved their vision
through crowdfunding on Kickstarter to launch the pebble Smartwatch. The watch
was not a marvel of new technology but rather an exercise in good technological
packaging and configuration. Pebble went on to create a product that would make
larger tech giants stand up and take notice (Fig. 4-10). Its features were somewhat
minimal. The pebble watch relied on a dedicated connection to a smartphone and as
such, was subordinate to the device. It allowed for not only the main function of being
able to tell the time, but also receiving notifications on the wrist. Notifications such as
received mail, incoming calls, sms messages, and weather prompts etc. Suddenly, the
watch was not just a timekeeping instrument but something very different.
The smartwatch is an interesting advancement in IoT technologies because it provides
for the opportunity for a glanceable display that is physically strapped to our bodies.
This differs from the mobile phone that can be considered to be more of a bearable
device that we carry around in our pockets or purses to the first popularized true
wearable, connected device. Although physically speaking it resembles its mechanical
counterpart, the touted functionality and capabilities of the smartwatch opens possibilities for remote control of complementary devices, active sampling of biometric
data, timely notifications, voice recognition response to messages etc. This is perhaps
another reason why the smartwatch had an easier adoption rate compared to Google
glasses, because the technology was not seeking to challenge existing fashion practices, but rather substitute a mechanical device for an electronically connected one.
With the opportunity in place to provide multiple functionality, connectivity, memory and processing power, many companies have been working diligently to provide
services to support fitness and wellbeing activities, for instance built-in GPS’s mean
that the watch can track running activities without the necessity of bringing a phone
and some watches such offer heart rate sensors to extract performance metrics and
provide other performance related data to its users. The main difference here is that
since smartwatches are made up of technological components, rather than mechanical, they are subject to the same obsolescence timelines that consumers expect from
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Fig. 4-9: Examples of wristlets, a leather strap to allow for the
pocket watch to be worn on the wrist. Source Anglo-Boer War
Museum.
Fig. 4-10: Pebble Time 2 Smartwatch released in 2016.
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computers. Meaning a smartwatch is not likely to get passed down generationally as
the components are continually evolving and hardware requirements become higher.
While innovations in smartwatch technology has lowered the threshold of public
acceptance towards wearable devices, this approach is still limited in terms of providing screen based and haptic feedback. In fact, the apple watch is a good example
of taking mobile phone metaphors and directly applying it to the smartwatch, where
certain gestures of interaction such as swipes and zooms are still prevalent. Although
smartwatches have embedded sensor capabilities such as heart rate monitors, accelerometers and galvanic skin response sensors, that are important when attempting to
measure performance criteria, perhaps there are other technologies that show promise for providing relevant information while a person is engrossed in a performative
activity.

AR for the Masses
Augmented Reality technology has been around for some time and of specific interest
in military application (Fig. 4-12a,b,c) since the 50s (Ryan, 2014 pg. 35). However,
the technology has been struggling to find its place with the masses at least until a
specific event that occurred in the summer of 2016 when Nintendo and the American software development company Niantic Inc launched an AR mobile game called
Pokémon Go that took the world by storm (Fig. 4-11).
This pivotal event brought AR to the spotlight and has been so popular that it has
been downloaded more times in a few months than the Tinder app (location-based
social discovery service) has in five years and quickly on its way to reaching Twitter in
popularity. While it remains to be seen whether this game platform is a passing fad
or will enjoy some form of product longevity, the impact on consumer experience is
worth noting as this particular release and its public adoption has broken through the
consumer barrier of understanding of AR technology.
The reason this is important has to do with the fact that this AR game app provides
a frame of reference to the general public. If you ask the average person prior to the
release to define AR, they may not be able to answer but if asked today in conjunction with the phrase “you know like Pokémon Go!” then chances are anyone who
has played the game or knows someone who has, will know more or less what the
technology entails.
While Pokémon Go has been a success in the proliferation of the technology there
have been many unanticipated side effects which have emerged through use; such as
AR related robberies. These are instances where thieves lure people through the game
engine (by dropping a lure at a PokéStop) to badly lit parks, in order to rob them.
There have also been numerous reports of injuries related to people playing the game
while driving in traffic. The latter attempting to be addressed by Niantic by issuing an
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Fig. 4-11: Pokémon Go Augmented Reality game for smartphones. Source: Niantic.
Fig. 4-12a: A fighter pilot’s head up display for aviation.
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update that detects if the player is driving, making the player manually tap a button
to confirm that they are a passenger in the vehicle; effectively handing responsibility
off to the user. Despite these unfavorable side effects, one of the things that Pokémon
Go does really well is in the creation of a fun, location based game that prompts
people to explore local surroundings and key sites. This app takes a culture that is
already immersed in gaming and prompts them outside, exploring parks, monuments
and other geographical points of interest rather than sitting statically on a couch at
home. To that effect, researchers from Microsoft and Stanford conducted a study
that concluded that “the game leads to significant increases in physical activity over a
period of 30 days” (Althoff, White and Horvitz, 2016, pg. 8) to the tune of 26% more
walking than its players are used to; or put another way in one month, Americans
walked an additional 144 billion steps because of Pokémon Go. Additionally, the timing of the launch could not be better for a release of this gaming technology. At the
time of writing this thesis it has been stated that Augmented and Mixed Reality will
revolutionize various industries, such as healthcare, processing industry and gaming
to name a few (Barton, 2016).
At the time of writing this thesis, the world is on the cusp of greatly anticipated product releases by notable tech giants such as Microsoft’s Hololens, Magic Leap (funded
by Google) and Meta’s mixed reality headsets; a convergence of AR and VR. These
products—targeted for the consumer market—are slated to provide a completely
unparalleled computing experience, bridging digital and physical worlds effectively
placing the technological bar one step closer to Gene Roddenberry's Holodeck from
Star Trek which was inspired by the New York based inventor of the digital projector Gene Dolgoff. Some companies such as Magic Leap and Meta are building on
principles of neuroscience to mitigate the risks of a digital interface that meshes with
our vision, providing its wearer 3D spatialized information and the ability to directly
interact with virtual objects. This makes bodily interactions such as perceptual, motor,
emotional and social of prime importance to consider when designing for mixed reality experiences (Baldassi, 2016). From an HCI-Sports perspective this method for
embedding information could prove useful when considering deeply immersive sporting experiences and without having the technology at hand, I endeavored to explore
AR and MR within climbing, cycling and skiing application as discussed further
in Chapter 6. The obvious restriction being that the athlete must wear a headset of
sorts when using the technology. However, with the exception of bouldering, most
athletes travelling at high speeds such as when skiing or cycling, already don some
form of eyewear that offers protection from the elements, so just as in the smartwatch
example, this is a case of integration of technology with current practices; rather than
adding new equipment.
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4.4 Summary
There have been innovations both from academic institutions and commercial initiatives from industry and often it is the oscillation between the two spheres that result
in the most innovation. Many prominent researchers are actively sought after in the
larger corporations where they can turn their research into real products or services
that have the potential to reach millions. The various approaches (some of which mentioned here) ranging from tangible, embodied, sonic and haptic interaction prompts
nuanced and engaging ways of interfacing with technology. Helping along the way
to reshape, re-think and in some cases cast away metaphors that need to respond to
the ever evolving needs of society. As the human race advances technically, we need
tools that mediate and handle the complexities our technofied existence bestows upon
us because if we are truly going to adapt, harness the power of and engage machines
in a ubiquitous sense we must continually explore methods for how to identify when
to step away from screen based interactions to a more targeted, contextually aware,
embodied ways of designing for people.
So far we have discussed the background problem area, a methodology containing a
series of methods intended to address issues raised within the framing of this research
and we have highlighted some projects of interest that explore HCI-Sports and user
experiences put forth by notable researchers from their respective fields. In the next
chapter, I will endeavor to take a step back and consider some theories in order to
help articulate, flesh out and make sense of certain elements have occurred during the
course of this research.

Upper left, Fig. 4-12b: An example of VR
Helmet for military application. Source:
ROADTOVR.
Left, Fig. 4-12c: An example of a HUD to
provide AR for military application. Source:
BAE Systems.
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CHAPTER 5
SYNTHESISING
& SENSEMAKING
This chapter seeks to look at ways of exploring the
domain of HCI-Sports through theories and concepts
from established researchers in the field, in an effort to
help articulate certain aspects of the research in this
thesis. For the sake of clarity, it is important to make
the distinction that the bulk of the explorations executed through the course of this work were not driven
or initiated through theoretical concepts. It has in fact
been the opposite, in the sense that I performed investigations in the real world, guided through an iterative,
making process which in turn led to reflections on the
artifacts realized; subsequently leading to new explorations. The theories outlined below, are used more
as a tool in the articulation process, in trying to make
sense and drawing speculations between what has been
observed and what it might mean to abstract the findings.
I will begin with exploring why it is important to
reflect on our actions followed by the connected aspects
of sports and its strong community ties. Then I will
take a look at some theoretical aspects about how people actually learn or retain information and how the
physical act of making aids in knowledge retention.
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5.1 Reflection-in-Action
When one performs an action, it is often conducted with a certain amount of reflection, indeed reflection is critical to the action in a way that it defines the type of
action that is performed. In his book the Reflective Practitioner, Donald Schön discusses reflective practice in some detail by stating that:

Through reflection one can surface and criticize the
tacit understandings that have grown up around the
repetitive experiences of specialized practice, and can
make new sense of the situations of uncertainty or
uniqueness. (Schön, 1983 pg. 61)
He states this when talking about professional practitioners, however I think that this
statement can be expanded to include thinking around any type of action or more
specifically relating to the topic of this thesis; athletic performance. That is to say that
one may consider the experienced athlete as a similar person to a professional engaged
in specialized practice. Schön reveals that often practitioners reflect in “post-mortem”
of the activity, after it has been completed either for the purposes of “idle speculation”
or in preparation for “future cases” (Schön, 1983, pg. 61). Which also holds true for
the dedicated athlete, upon completing a sporting event and assessing their performance. Thus, drawing from my past experience with sports, I assume that when seeking to frame the actions that one performs when partaking in a sporting activity, the
activity can perhaps be effectively dissected into successive temporal phases, to better
understand what actually happens within the performance-activity process. Framing
the activity in such a way allowed for the approach of not only the performance act
itself but account for the preparatory methods used— leading to the anticipation of
actions and the subsequent process of post-activity reflection that follows. These elements tie together to create the conditions for self-assessment that affect behaviour.
Essentially, using the methods described in Chapter 3, I will attempt to demonstrate
through artifact based explorations, that while reflection-in-action exists in the form
of interpersonal dialogue during the activity, technology can potentially play a greater
role in capturing performance metrics and allowing for a unique perspective, analysis
of the activity to be layered onto this dialogue in order to inform and support a richer
insitu reflectionary process; thereby heightening athletic awareness.
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This investigatory approach has been influential in my own work as I have become
increasingly interested in how one might get relevant information while in motion. I
have approached the projects mentioned in Chapter 6 under the assumption that they
could all be broken down into three main categories of a specific successive temporal
exchange as will be expanded on below.
• Pre Activity
• Activity
• Post Activity

Pre Activity
Pre Activity can be considered as the phase of preparation, and generally where one
decides on all the equipment that is required to perform an activity. In the context
of mountaineering in Chamonix (considered by many as a mecca for ski touring and
mountaineering in the French Alps) for example, one would go through a checklist of
items to ensure that you can be prepared for various situations that may arise during
the course of the trip. These preparations often extend past equipment to checking
local weather patterns and even notifying local alpine associations of itinerary and
intention. This is a tried and tested traditional (analogue) check-in/out system, where
in the event that something goes wrong and the mountaineering party is delayed, the
authorities will make a decision about whether or not to organize a search and rescue
or an appropriate response.
These preparatory measures are a crucial component of the activity process in that it
not only allows for the gathering and assembly of the equipment and items needed
to execute the activity effectively (Fig. 5-1) but it also provides a mental priming to
psychological aspect of performance. This is where the term psyching yourself up to perform came into being. Denoting a rallying of one’s mental preparedness to accept the
challenges inherent with upcoming performance. This can also be a time for drawing
on past experience and critically assessing how one might alter their performance to
try to stimulate better results. In situations where these pre-activity conditions are
not adequately met, can mean the difference between performing to the best of one’s
ability with the right materials to support the activity or being exposed to potentially
harmful situations due to lack of preparation.
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Fig. 5-1: An example of a typical collection of gear when preparing for a ski tour.
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Activity
The activity as described in this thesis, is the actual act of the undertaking of the
performative session that one is attempting and its duration can vary depending on
the characteristics of the sport. Climbing, for example has very specific starting and
finishing points that outline the actual route or climbing problem (which is a colloquialism for route). Although there are other factors like the approach—the path
leading up to the climb and can be difficult in and of itself—the approach is not considered central to the activity. Inversely, when thinking about ski touring, the start
and finish becomes a little less exact but are nevertheless present. In some cases the
activity can start directly from your doorstep while in others you need to account for
the time it takes to get into position or into the starting point of the tour. During the
activity session, elements such as rigorous training, meticulous planning and nutritional requirements all culminate together to factor in whether the activity can be
performed adequately or in other words to see if the athlete “has what it takes”. The it
in this phrase presumably encompassing all the necessary skills, expertise, conditioning (both physical and mental) to see the activity through. Activity completion can be
considered a measure of success, however, there is also a subjective element to activity
completion. How the athlete felt about how he/she did. Whether they felt like it was
full effort or felt like they could have done better i.e. if they rested more. Also objective factors come into play, namely how the activity was carried out, with what level
of difficulty, how quickly etc. This can be related to ingredients of conditioning and
even style. For example two climbers complete the same bouldering route. Climber
A noticeable struggles through the route, by sweating, shaking, jerky and clumsy
movements but nonetheless completes the climb, while climber B climbs it seemingly
effortlessly, using a perfect combination of body mechanics, flexibility, technique and
explosive energy. Both climbers completed said route, but most climbers that were
spectating would agree unanimously that Climber B aesthetically climbed better.

Post Activity
The duration of this stage is probably the longest in terms of time. It marks the
moment you have completed the performative aspect of the intended activity and
the imprint or impression can have a lasting effect for the rest of your life. Memory
of the activity can be called upon in various clarity given the time after completion.
This is the stage in which analysis on personal performance assessment occurs and an
evaluation is made of the performance to be applied for future endeavors. Athletes
will rely on a number of tools and techniques to document the activity experience in
order to support post activity reflection practices. This can vary from viewing documented action camera footage to reviewing performance statistics obtained through
some form of instrumentation or even discussing with a fellow athlete with whom the
experience has recently been shared.
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These stages are the starting point for determining where in the temporal activity process I am interested in exploring my prototypical interventions. The reader will later
observe that while initial activities centered on the post-activity stage, the subsequent
explorations afterwards shifted to supporting the activity stage, revealing some further insights and the formulation of the stages of performativity framework expanded
on further as one of the contributions of this thesis.

5.2 The Device Paradigm
German-born American philosopher Albert Borgmann stipulates how we are
approaching a culture where we are heavily reliant on digital tools and as such we
are distanced from a deeper understanding of how things function stating that:
If we are to challenge the rule of technology, we can only do so through the
practice of engagement (Borgmann, 1984, pg. 207)
As mentioned previously in Chapter 3, Borgmann refers to this as focal practices. He
goes on to suggest that engaging technology through practice restores comprehension
and helps battle our “susceptibility to technological distraction” (Borgmann, 1984,
pg. 210). Which we can readily see evidence of with the examples of Pokémon Go and
device related walking examples used earlier.
Borgmann discusses how the world suffers from a widespread scientific, economic
and technical illiteracy, yet he points out that regardless of educational backgrounds,
most people are engaged with technology in their workplace in one form or another.
He attributes the decline in the maintenance and repair of devices to people's unwillingness and inability to do so; subsequently contributing to a new e-waste economy
(“Where does e-waste”, 2009).

How does the activity of making aid in focal practice?
The act of making reinforces understanding, expands perspective and supports the
reflective decision making process. It seeks to break out of the device paradigm using
processes of compartmentalization and reconfiguration. There is an investment of
effort however, that needs to be contributed to making activities, but in order for
such activities to prosper, a person must be committed to the practice compelled by
compassion, interest, curiosity and not by guilt or necessity. Making gives agency to
the individual, empowering them with an ability to craft possibilities giving way to a
focal practice in pursuing a meaningful pursuit for the creator. The educational nature
of making nurtures the creative and curious attributes of the human intellect that has
been pacified through the advances of modern technologies. Technologies that are
designed to unburden us from the toils of inefficient living, but nonetheless occupy
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its user in unproductive tasks (Morris, 1891). To give a practical example, the mobile
phone is designed to ease the use of communication. Yet when trying to send a call to
a friend or loved one, the steps required to do so is often embedded in various layers.
One must first swipe and tap their way towards, unlocking the phone, navigating to
the phone calling app, searching for the person to call and finally confirming. This
occupies a person with the device itself—bringing the device into focus, rather than
the ultimate task of the communication. This can be considered the threshold for use
and while the caller may feel a tinge of annoyance about taking the necessary steps to
initiate the phone call, this procedure’s threshold fades away once the connection is
established; frustration giving way to satisfaction.
If one was to look at the term maker semantically, the english suffix “er” denotes a
person who performs an action. By extension, make-er similarly implies direct action.
That is to say intentionally making towards a vision. However, these actions taken,
can be altered along the way as the process unfolds in particular situations. Lucy
Suchman writes extensively on situated actions, advocating an understanding about
why people act the way they do (Suchman, 1987). Making often combines a somewhat clear notion of the intended artifact with a vague notion of how to get there. It
is along the process of making and the subsequent solving of a numerous minutiae of
issues, problems, obstacles along the way that shapes the artifact into its form as it is
impossible to foresee these obstacles otherwise. To put it another way Suchman states:
Although plans presuppose the embodied practices and changing circumstances of situated actions, the efficiency of plans as representations come
precisely from the fact that they do not represent those practices and circumstances in all of their concrete detail (Suchman, 2007, pg. 72).
This approach is necessary when bringing forth ideas that reside in its conceptual
form to an incarnation of a physical reality. Furthermore, a maker is less interested
in utilising a preconfigured object, something that is already made, but rather acting towards unpackaging, opening up and reconfiguring to explore a new possibility.
A maker is not a bad engineer and does not seek to replace the engineering process,
but rather utilizes the act of making to engage in a dialogue with the material that
would not have been possible in its packaged form to explore, using the construction
as a means to externalize ideas of the mind supported by a sense of community, sharing of resources and propagating knowledge. The modern maker has been associated
with bottom-up enterprises stemming from personal initiatives and reaching out to
communities for validation. In some cases, resulting artifacts from the making process, gaining momentum and entering commercialization with communities such as
Kickstarter, Etzy and Shapeways7, that help redefine traditional forms of investment
schemes and challenge conventional product to market framing structures.

7 See www.kickstarter.com ; www.etsy.com ; www.shapeways.com
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To use a practical example of a focal practice, youtube member Navin Khambhala posts
videos on how to make ordinary household technologies using everyday materials and
refuse (Fig. 5-2). His video’s are a-step-by-step video that guides you through the
process of building something as common as a vacuum cleaner by using things like
empty Cola bottles, glue, putty, scissors and a motor. This unpacking of the everyday
household objects that Khambhala exhibits and the sequential building that goes into
putting it together provides a rare and interesting insight into the inner workings of
such machines that are ubiquitous to most households. Through the act of building,
one can understand the elements involved in reducing the machine to its simplest
element. Of course the fidelity of the homemade versions of the machines are not on
par with their commercial grade counterparts, but that is not the intention. Khambhala’s videos provide a DIY approach to making your own devices, which not only
function but concurrently provide its creator, knowledge acquired through the act of
making ,them. Through viewing Khambhala’s videos, the normally hidden nature of
the device is revealed which alters the way the device is perceived. In order to support
a practice of engagement, it follows that we need to engage with materials in order
to reveal their characteristics which will result in a process of externalization of ideas
through construction or put another way; use making as a form of interpersonal communication.

https://www.youtube.com/watch?v=jkQsBD5WtDo
Fig. 5-2: Khambhala making ordinary household items using discarded refuse.

One of the conceptual German artist Joseph Beuys (an active participant in the aforementioned fluxus movement) fundamental messages that “Everyone is an Artist”
(Beuys, 1993, n.pag) stems from his belief that people should exercise their creative
faculties in their respective disciplines. He stresses the point that creativity plays a
vital role in vocations, leading to a richer and more meaningful life which echos nicely
Borgmann’s assertions of focal practices. I would argue that if everybody can be an
artist, everybody can be a maker. Learning and acquiring skills to work through and
explore a problem space or to simply create— by championing digital tools, processes
and techniques towards the creation of meaningful artifacts.
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5.3 Making ‘out Loud’
To some, talking to yourself can be considered as a sign of craziness but it has been
proven to stimulate further thought and has also been referred to as ‘private speech’
(DiCamilla & Antón, 2004). As young children, we use private speech to help us
think through concepts but as we get older we tend to internalize these thoughts,
submitting to the social norm. What’s significant though is that private speech helps
reinforce concepts and by just the sheer act of vocalizing internal thought gives one
the feeling that someone is listening, even if it's only yourself (Duncan, 2001).
There are some parallels between private speech and learning through making or as I
like to call it making ‘out loud’. When we make something, it is a externalization of
an idea for a preferred state that we have in our minds, that has materialized in the
form of an artifact. This can become an important tool when working with problems
that are rather complex, and the artifact embodies certain notions that can be drawn
upon, developed or discarded through iteration or in the words of Zimmerman &
Forlizzi “Designers focus on the creation of artifacts through a process of disciplined
imagination, because artifacts they make both reveal and become embodiments of
possible futures” (2008, pg. 42).
Despite the general discourse of RtD dwelling in the semantics of the many facets
of which research and design occupy, one thing is clear. There is a type of knowledge
that is only attainable through the acts of doing, making or creating. This has been an
integral driving force for me and my work and has informed my process, stimulated
dialogue with my users, and has provided rich context for reflections. The more I
make, the more I realize what I am making for and how to prioritize my design decisions, I call this process Learn to Make (L2M) and it is bidirectional in that it goes
both ways. In order to learn to make, I must also make in order to learn.
However in order for these designs to be experienced, they need to be exposed to and
improved upon by key actors in the community. These are athletes or super users that
have intimate, tacit knowledge acquired through constant exposure to the elements
of their activity. In this case my role switches from inventor to translator/interpreter
as the athletes are well versed in articulating their activities and can offer key insights
that I can translate and relate to a prototypical approach. This is one instance where
constructive design research can be driven by a participatory design method, but
there are issues to contend with when designing for motion which these approaches
do not completely address. One key challenge is designing for the inherent temporal qualities that emerge while in motion that calls for specific consequences while
prototyping. While the above mentioned methods are a good start, there is also an
opportunity to explore this unique domain with its specific requirements. There is a
moment when a person is so engaged with an activity that nothing else exists in that
moment. This can been described as a state of extreme concentration. Biologically
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there is an increase in neural activity as the brain calls for the release of Adrenaline and Endorphins, reducing pain perception and adding to this heightened state.
To address this specific contextual setting, how can one design for sending additional
artificial signals to the body in a safe and orderly manner? What are the vessels for
this type of information and how is it received and interpreted? Would it be one way
communication, or bi-directional?
By delving deeper in understanding the context of the activities and the peculiar situations that can arise during performance, these situations can be explored through
material engagement, resulting in experiential artifacts that serve to explore these
nuances. The artifacts will be rooted in the real as the method in this thesis promotes a
process of discovery by advocating a position closer to real situations through immersion in the design space, one that ultimately could carry potentials for opening new
avenues of intervention and a process of discovery.

Assessing how people learn
I have already discussed the processes by which one receives information from the
physical environment. The human body exhibits an amazing ability to receive and
interpret signals or action potentials from the senses and distribute them to the brain
for interpretation and further processing. But how does one actually retain information? How do we learn?
The Swiss clinical Psychologist, Jean Piaget has conducted extensive research on the
subject of learning. He subscribes to a theory known as constructivism (not to be
confused with constructive design research) which serves to describe how learning
actually happens. According to Piaget, we accommodate and assimilate information
that forms knowledge through experiences (Piaget, 1952). Piaget’s work with children
identified that between the ages of 2-7, logical thinking is not yet reached and children strive to make sense of their world through active experiences and developing
their mental models of how the world works. When we get older and have developed
logical thought and reasoning, then when we are presented with new information
with which we either assimilate by taking the external information and internalizing
through comparing it with our mental models of the world. If it matches something
that we can grasp or understand then it is filed away, otherwise we accommodate this
new evidence—forcing adaptation.
What this serves to demonstrate is that the manipulation of materials is integral to
the promotion of understanding. To illustrate further, consider the cone of learning,
a model put forth by the American educationalist Edgar Dale, who’s work focuses on
information retention and learning theory (Fig. 5-3).
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Dale illustrates through numerous studies that people retain over 90% of what we
learn if we are engaged in the making process as opposed to listening to a lecture on
how to do it. If I was to adapt Dale’s learning pyramid, I would argue that making
would be the fulcrum of knowledge—or put another way— the act of making is critical in aiding assimilation process of information retention as it supports interpersonal
communication.

5.4 Identifying What’s Missing
When performing a sport like rock climbing we put ourselves in a unique situation,
where many processes are concurrently happening. Our bodies are engaged physically, as all our limbs are in contact with the rock face. Our minds are occupied and
focused on the task of trying to manipulate our bodies to try and get up the rock wall
in safe and efficient manner. In short all senses are engaged in this all encompassing
activity. Herein lies the challenge. How do we interact with a device in this setting?
When would it become appropriate and what are some of the potentially dangerous
tradeoffs? And if we take a purist standpoint why would we want any kind of technology at all detracting from the aesthetics of the sport that we love so much.
If we consider a system that would give us some sort of haptic feedback which will
help us climb in a style of a climber we are aspiring to be, would that be an example
of good cost benefit?
Deciding the right information that would be beneficial when engaged in an activity
and packaging it in an understandable way is a key issue to consider, but there is something more. There is an overarching potential of empowerment provided within the
transaction. Delivering critical bits of movement information or on-the-fly analysis
resulting in immediate feedback during performance can shorten the critical analysis
process, complementing the traditional methods used when performing an activity
and reflecting on performance attributes in a post activity setting. If one manages
to tap into this stream of consciousness seamlessly, there exists a greater potential
for suggestive systems that provide feedback. Such feedback as corresponding micro
corrections of body mechanics, which enable the athlete the ability to create informed
decisions in situ; ultimately leading to richer situational awareness as this superimposes enriched bodily awareness with the physical environment.
The research projects mentioned previously in Chapter 4, can be mapped to various
points in the temporal activity plane as seen in figure 5-4.
What one can perhaps observe here is that the majority of related research initiatives
examined, tend to cluster and focus on the post-activity temporal plane while in contrast, providing context-specific information, layered seamlessly within the experien-
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tial stream of consciousness during the act of performance is an area largely underexplored. The exception here is the augmented speedskating project which embodies the
skaters’ movements and translates them into sonic feedback to heighten gait awareness
for both the skater and the coach. This is far from an exhaustive analysis and certainly
there are many other types of awareness that can be further inquired into however,
this sampling serves to illustrate that perhaps more work can be done to strike the
balance between how we engage with technology during performance situations.
This leaves an opportunity for design researchers to explore initiatives towards effectively providing meaningful and timely information to a person while performing an
activity. Commercially speaking, there are similarly a great many tools devoted to
post-activity reflection as indeed we can observe with the plethora of consumer related
products within fitness technologies such as Fitbit, Garmin and Strata to name a few.
These fitness devices focus on providing its wearer with dashboard style analytics and
activity related metrics after the fact. But few devices with the exception of Recon Jet,
provide information during actual performance scenarios and the Google Glass product by contrast seems to fall short, in the respect that while the potential for pushing
and pulling information is there, the context of use is too broad and lacks activity
specific application for movement.

5.5 Situation Awareness
Situational awareness (SA) can be described as the perception of environmental elements and the comprehension of their meaning. More specifically, it is a person's ability to understand various inputs that is critical in the undertaking of a task. Perception, is the “added value” that the organised brian gives to raw sensory data (O’Regan
and Noë, 2001). A field of study in its own right, SA factors can be applied towards
aviation, ship navigation, offshore oil rigs (Sneddon, Mearns and Flin, 2006) or in the
context of this thesis-cycling and climbing. When a person experiences a loss in SA,
this typically leads to human error or breakdown in the task execution and can incur
negative consequences when a person is in a critical situation where focus is required.
In the popular Jason Bourne movie series (Liman, Crowley and Gladstein, 2002), the
protagonist has an above average grasp of SA. The film character Bourne, pays attention to details that most people don’t normally see or miss and based on these observations, he makes detailed assessments about his environment. In the real world, SA is
a skill that can be measured, trained and improved upon (Salas, Prince and Shrestha,
1995). If technology carries the potential to extend the senses—with the employment
and integration of various sensors—and information can seamlessly be transferred to
the human brain, therein lies the possibility of a technologically enhanced perception
or heightened awareness. It follows then that if this technique is applied in dynamic
settings where a person can benefit from additional sensory input; then their SA could
be improved. The challenges here lie in the method used to interface with technology
so that it is positioned in parallel to existing stimulus but not overpower, override
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or impede it. This stipulation depends heavily on understanding how we perceive or
experience environmental situations.
There have been some attempts at applying principles of SA research from the military
to inform sports psychology in dynamic contexts and vice versa (Ward et al., 2008).
However, with respect to using personal wearable devices, there seems to be very
little work done to explore how performance may be affected through the interaction
of devices while in motion and it stands to reason that looking at portable, wearable
device design from an SA perspective when exploring the methods of designing such
devices, may be beneficial when considering the impact on user experience.
As mentioned previously, the internet of things (IoT) has been gaining traction for
some time now and projections have been made to how it may impact our daily living within our homes, cars or physical activities and has been prophesied as being a
major inflexion point for how we interact with objects and our environment (Norman
2008). While, advancements in sensor technologies and IoT techniques afford new
functionalities, what is becoming exceedingly alarming is that very few product manufacturers, engineers and designers address the inherent safety concerns that arise
when using connected technologies while in motion.
Most interactive devices today are intended as a stop-to-interact devices, designed
for active interaction only when a user is standing still (Marshall, 2013). However
despite the obvious pitfalls of use, people continue to try to perform active interaction
tasks while moving, resulting in a loss in focus and ultimately SA. Societies fast paced
lifestyles, combined with continually increasing need for connectivity, distracts us
from activities that require more immediate attention as we navigate through physical
spaces.
To provide specific real world examples, there have been some recent attempts to
address this particular issue. In a recent campaign the Swedish association for Transport has created an online message to try and reach out and inform the public of
the dangers of mobile phone use while driving a vehicle. On their website they state
that 46 % of all drivers between the ages of 18–29 sms while they drive (If Survey,
2010)8and have deployed this campaign on various media outlets namely TV, radio
and even on Spotify (a popular streaming music platform). Additionally the German
city of Augsburg has implemented curb lights along their public streets as a direct
response to a young girl being killed in a traffic accident earlier that year while being
engrossed with her smartphone— earphones plugged in. There are even terms circulating about this zombie-like phenomenon known as Petextrians (Macdonald, 2015)
or Smombies (Thomson, 2016) which is used to describe these people so engrossed in
their phones that they don't pay attention to the traffic around them leading to an
estimated 10% of all emergency room visits. In South Korea, which is one of the larg8 See for instance http://www.slutarattsurfa.se/
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est populations of smartphone users per capita in the world, they have started posting
signs in densely populated areas as a warning against phone usage in traffic (Fig. 5-5).
This phenomenon seems to be a global problem without any easy solutions, meanwhile IDC (A large market analytics company) released figures that 15 Billion IoT
connected devices will be sold in 2016 and projected to increase in the future. Similarly, a 2014 American survey indicates that smartphone penetration has increased
to 86.2% of the total mobile phone subscribers—an increase of 9 percent from the
previous year (Table 5-1) and as this trend continues, correspondingly we have seen
a staggering increase in fitness apps on Google Play store ranging from cycling and
running to fencing and even softball. While these apps have been increasingly used
by many athletes interested in improving their performance, device related accidents
have increased, as cyclists lose focus and drop awareness of the world around them
when glancing at the screen and performing tasks such as texting or talking on the
phone. Situation awareness in this case, significantly drops (Parkes & Hooijmeijer,
2000) and cyclists make riskier decisions during demanding tasks, such as weaving
and left turns, when taking part in a phone conversation (Cooper et al., 2003).
Apple has also tried to address mobile texting related accidents while walking by filing
a patent in 2012 for transparent texting (Lomas, 2014). In this application the texting
app uses a phone's rear-facing camera to essentially see through the phone, keeping
petextrians who text and walk from running into lampposts or stumbling over objects
by minimising occlusion. Whether this results in fewer accidents is debatable, but it is
interesting to see a leading technology company such as Apple is basically admitting
that there is a problem (Type n Walk, 2015). In an Android version called Walk and
Text (Type n Walk), the creators of the app add the disclaimer:

The app is provided "as is" and we can not be held responsible for
any damage caused when or by using this app. Safety first, never
use the app while driving! The app is made for walking and not
texting while driving! (Walk and Text, 2013)
Is it enough to merely embed a disclaimer for an app to prevent bad habits? Or simply
a way to defer responsibility of the way people use the app? Or perhaps we need to
identify the various contexts in which people use technology and rethink our approach
to the design? I will let the reader decide. To address some of these arising issues surrounding the way we interact with devices while navigating the world, I believe we
need to take a step back in the design process and consider the context in which these
devices are used while keeping a specific focus on human experience. To achieve this,
I will detail the use of a blend of methods to be described in the next chapter, that
served to address this evolving problem space.
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5.6 The Presence of Tribal Culture in Sport
Some argue that there is a cultural presence associated with sporting activities
(Wheaton, 2007) and these activities have been known to heavily influence identity,
language and self expression. Whether it is what kind of music you listen to or how
you dress, engaging in these communities can give people a sense of belonging, a
feeling of kinship and a forum to discuss and meet over issues of common interest.
Take skateboarding for example, there are definite traits which one can portray that
clearly communicates that you belong to that group (Moore, 2009). One does not
even need to carry a skateboard to send that message. Solely based upon communication through the choice of clothing, shoes, social hangouts and musical interest is
enough to associate with skateboarding culture. There is an undeniable tribal aspect
with the way people attach themselves to these communities (Young, 2008).
Tribalism implies the possession of a strong cultural or ethnic identity that
separates one member of a group from the members of another group. Based
on strong relations of proximity and kinship, members of a tribe tend to possess a strong feeling of identity. Objectively, for a customary tribal society to
form there needs to be ongoing customary organization, enquiry and exchange.
However, subjectively, intense feelings of common identity can lead people to
feel tribally connected (Ḍekā, 1993, pg. 90).
I think this pretty well describes how people identify with sports. The feeling of kinship and common interest is enough to evoke a sense of community, exerting energies
towards a common cause.

Status within the community
In Maori culture (indigenous peoples of New Zealand) the face is considered to be the
most sacred part of the body. It is also a platform for silent communication conveyed
through tattoos known as Moko (Gathercole, 1988). These tattoos are traditionally
composed of curved shapes and spiral like patterns symbolizing everything from
tribal rank, social status to power and prestige.
If one were to consider the climbing world through the same lens, it could be observed
that there is similar way of expressing rank and standing within the community
which carries a certain amount of status within the climbing tribe. To further this
sentiment, consider the website known by many climbers called 8a.nu; affectionately
named after a highly desirable climbing difficulty level (Fig. 5-6). This website is an
international database of climbers from all reaches of the planet, that are interested
in posting their climbing results. Functioning very much the same as a scorecard, the
website indexes climber’s based on their abilities and once subscribed to the website,
the climber can clearly see how they fare among members within the community; in
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addition to tracking progress. Of course not all members of the community subscribe
to this ranking system—I am not there and either are many of my friends—but it does
serve to illustrate a similarity to the Maori tribal ranking and through consulting the
website in early 2015, one can readily see that Adam Ondra listed above is the currently ranked Chief of the tribe for sport climbing and James Webb for Bouldering.

Fig. 5-6: 8a.nu an online scoreboard to quanitify climbing activities for the community.
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5.7 Embodiment & Interaction
Our bodies are critical in shaping our experiences as we move through the world. It
is through our senses that we perceive and generate understanding and this is stimulated through how we interact with our environments. This section discusses notions
of how embodiment (from a designerly perspective) can expand understanding of the
role it can play in interactive systems. According to Paul Dourish, Embodied Interaction pertains to interaction between our physical and social reality (Dourish 2001
pg. 3), addressing the complexities of dealing with systems that support this type of
interaction is becoming increasingly important as computers are progressively incorporated into devices other than traditional desktop boxes. Through inspiration drawn
from commercial and research related projects I explore human bodied engagement
in the real-world centered around and inspired by a making and reflective practice
that leads to concrete prototypes. Prototypes that serve to embody “design ideas or
specifications, render them concrete and, in doing so, inform the designer’s thinking”
(Klemmer et al., 2006, pg. 3).
Engaging in a prototype driven practice often results in the creation of artifacts that
are imbued with intention. The artifact is the physical manifestation of an idea that
can be tested or interacted with while simultaneously producing knowledge. British
Anthropologist Tim Ingold extensively speaks about how artifact creation is a crucial
element in thought provocation. In a keynote speech given in Latvia, Ingold states
the artifact is the materialization of a thought and so in order to make something you have first to think it. (Ingold, 2013)
Ingold implies that what distinguishes man as a maker (Homo Faber) from animals
is his ability to design and not merely gather what is in the nature (Gatt & Ingold, p.
139). In his writings about design and making he is inspired by centuries old texts of
Giorgio Vasari who claims:
design is nothing but a visual expression and clarification of that concept which
one has in the intellect, and that which one images in the mind and builds up
in the idea. (as cited in Panofsky 1968, pg. 62)
To exemplify this sentiment, consider a package of Lego blocks containing 100 pieces.
One may visualize a house with four walls, a roof and a front door and proceed to
build it in this way. Once the form matches the vision then the artifact has come into
being. Any subsequent changes to its form is as a direct result of its use. When shaping or creating artifacts we are effectively engaging into a dialogue with the material.
We are actively making assessments based on the properties that we perceive.
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In the case of Lego, one may note that the pieces are smooth on the side, light to the
touch, comes in various colours and fits together/comes apart in a particular way.
Man entering in a conscious act of making and thinking aligns nicely with Schön’s
highly subscribed to assertions of designers engaging in dialogue through manipulation of materials in relation to their practice stating that:
Reflective practice is a dialogue of thinking and doing through which I become
more skilful. (Schön, 1987, pg. 31)
The artifact itself is plays a central role in knowledge production. Without it we would
lack the visual material for adequate reflection. The manifestation of this artifact helps
prompt reflection and inspires new direction and stimulates the decision making process. When we are out there in the world we are situated within it or as Wakeford
and Lury put it in medias res; in the middle of things (Wakeford & Lury, pg. 19). Our
senses are inundated with streams of information that our bodies are interpreting,
guiding us while we navigate through our world. We give priority to stimuli that rises
up to our frame of consciousness and yet our sub-conscious retrieves information as
well.
It is through this process of resonation of information that we can use as an opportunities for discrete and peripheral communication using rich interaction paradigms as
a means to convey information. As elaborated further in Chapter 6, I have attempted
to incorporate principles of embodiment to explore various methods of engagement
using prototype based artifact creation. This is particularly important as embodiment
when discussed with interactions traditionally has it foundations in phenomenology
and as such has been an influential body of philosophical thought stemming from the
end of the nineteenth century.
The notion of embodiment is fundamental to interaction (Dourish, 2001) and has
been an influential factor in getting designers to re-think screen based metaphors in an
effort to make computing more tangible. The resulting trend has seen many research
initiatives that challenge screen based interactions by working towards designing
for physical real-world environments or actively striving to blur the physical-digital
divide. In keeping with this sentiment, my own research addresses explorations of
discrete, haptic or tangible interfaces through which are intended to help retain focus
while conducting complex and sensorially taxing tasks. In particular, I am interested
in how interactive systems can allow people to concurrently receive timely, relevant
digital information as one navigates through the world.
To put this in context, riding a bicycle for example is a remarkably sensory intensive
task, yet many people use it as their main form of transportation to get to work or
social events-largely without incident. During the act of cycling one is scanning the
road for obstacles or obstructions in traffic. We hold the handlebars to steer, use our
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feet to propel us forward and constantly listen for traffic encroaching from behind. In
such a scenario, how could digital data such as wayfinding information be provided to
a mountain biker while their senses are so engaged? One current method is to simply
attach a phone or GPS device onto the bicycle handlebars. While this is one readily
available approach it can however be potentially problematic in that you impede a
heavily relied on sense; namely sight. Following the notions of embodiment and it’s
need for connecting interactions of artifacts within the settings they occur, we can
readily see that this particular context does not lend itself to natural embodied interactions and is indeed disruptive to the core act of cycling, thus detracting from the
overall experience.
It is through unpacking these types of scenarios in which I attempt to employ explorative prototyping practices to investigate means for addressing such issues. These
investigations are preceded by taking a closer look at some of the approaches used
in various research initiatives as discussed in the previous chapter, however it is ultimately through the combination of deepened activity engagement, coupled with a
maker driven approach, that I believe I can get closer to teasing out meaningful connections between people and technology during performance situations.

5.8 Summary
Fitness Technologies are often referred to as tools to enable us to get to know ourselves better, giving us insight into our abilities and understanding true potential.
When experimenting with technologies that seek to provide meaningful engagement,
there may be the opportunity to potentially further enhance athlete experience while
immersed in performative endeavors.
The next section will look at the numerous projects conducted within this thesis.
The intention is to utilize making approaches to engage with materials as a means of
exploring how technology can serve to heighten awareness of sporting activities and
enhance experiences. This is conducted under the assumption that while embedding
myself within particular sporting communities, I can simultaneously explore design
opportunities through the creation of physical artifacts.
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6

CHAPTER 6
ACTIVITIES
The numerous investigations outlined in this thesis are
central to this body of research, in so far as this thesis
advocates making as a form of knowledge production.
These demonstrators, inventions, interventions, prototypes or artifacts embody various ideas in relation to
exploring the core inquiries outlined in the first chapter.
The significance of the terms used to describe the outcomes of the projects, carry with them certain connotations and these are dependant on both the audience
experiencing the work and the intention behind the
prototypes. For example, some of the activities such as
Griptile and Morpheel have been considered as inventions and has even led to a patent sought for by the
funding body who considered them as novel forms of
technology. However, in the context of design research
—which is the field this thesis is situated—I primarily
view the outcomes as artifacts as they are tangible representations of explorative endeavors.
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TI M E L IN E OF ACTIV ITIE S

Pervasive Displays - Mountain View ‘13
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Each activity serves as a building block within this explorative process. Employing a
maker approach, most of the projects were achieved with varying degrees of difficulty,
problem solving, community referencing and through the act of material engagement,
were subject to alterations along the way.
The reader will observe how the activities kickoff with an initial project that served
as a boundary object (discussed in Chapter 3) and how the successive explorations
started to shift in focus, prototyping duration and testing methods upon reflection.
When looking back at these projects, I feel that some are seemingly more successful
than others and I will attempt to elaborate further on why this is perhaps the case
in Chapter 7. Additionally, many of these explorations required various skillsets to
realize. Some of these skills I was able to draw from past experiences; found readily in
my interaction designer’s toolbox, but most had to be learned and acquired along the
way -which will also be discussed later in the next chapter.
With that said, a descriptive account will be provided below on the numerous investigations and the intentions behind them, followed by a brief takeaway of what has been
learned from each activity. Additionally, the reader will be presented with an idea of
what skills were involved in the creation of each project, the duration it took and the
aspects of awareness attempted to heighten.
Above all, despite the frustration and countless hours spent trying to get things to
work, communicate, move, initialise or play nice; this hands-on prototyping practice
was without a doubt a very enjoyable process; albeit challenging.

148 |

6. Activities

6.1 Blackbox Project

6.1 Blackbox Project |  149

https://vimeo.com/81593690

https://vimeo.com/77047954
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People Involved
Designed by: Rouien Zarin
Programming by: Björn Yttergren
Programming by: Fredrik Nilbrink
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Hardware
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Software
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Android
Coding

Power
Management

Hacking
Sensors

Interface
Design

Time Taken Building Prototype
6 Months to 1 Year

Senses Heightened
Post Activity awareness of the performance of a cycling session
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Description
The Blackbox prototype was an initial approach in entering into a conversation with
the mountain bike enthusiasts that were recruited into the project. The purpose was
to create a functioning prototype, that encompassed my understanding and previous
experiences with the sport in order to compare it with the understanding of the athletes involved. Through participant experience of the initial artifact, it was used as a
boundary object detailed in Chapter 3 and as such became a platform to discuss future
intervention possibilities, identify what were important issues for cyclists and how
technology might play a role in the support of enhancing their sporting activity. These
discussions, occurred in the form of workshops that I conducted with the cycling
group participants to create a venue for mutual learning, exchange of experiences
and solicit input about what it means to integrate technology into the very sensory
rich activity of mountain biking. This prototype was not meant as a proposal for a
product or a solution to any existing problem per se, but rather a tool and a method to
allow me to explore and ease into the discussion of preferred states within the experience-through-technology design space with my participants. I elected to choose the
boundary object approach for the reason that cycling is an activity that I already had a
great deal of knowledge about given my own background in the sport and I endeavored to jump start the research process by experimenting with artifact creation to
promote discourse while in parallel, immersively embedding myself in the culture
of the sport, gaining insight through observations and attending local community
events such as cycling races, popular message boards and cycling trips.

What does it do?
The actual name given to the prototype was inspired by flight recording hardware
that are installed in commercial airplanes which records various inflight information
and facilitates investigation in the event of plane crash. The intention of the Blackbox
prototype was to create a multisensor framework to quantify the cyclist's performance
during the activity of downhill mountain biking or trail riding with enough fidelity
to be able to start a critical discussion around real data extracted from the field-with
real users. Once this performance information was obtained, it would be pulled into
and displayed in a front-end dashboard-like interface to support post-activity reflection on the riding session. This prototype was created under the assumption that a
system could be designed to read data obtained from the field and once harvested, the
metrics would be presented to the cyclist, empowering them to assess the data and
apply adjustments towards impacting future performances as illustrated by figure 6-1.
This was deemed as a way of providing valuable insight to cyclists that are engaged
in the sport, yet desire a higher resolution of performance data to reflect upon and
dissect. The Blackbox prototype can be broken down into two distinct iterations. They
will be referred to here as Blackbox v1 and Blackbox v2.
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Apply
03

Know

01

Assess
02

Read

Fig 6-1: A diagram denoting the steps to informing knowledge about performance through
technology.

Blackbox v1 Prototype
Initially the Blackbox v1 was a collection of sensors, assembled together to measure a
variety of information and create a dashboard type interface in order to give a cyclist
a rich overview of their performance data. Among these sensors I included a Inertial
Measurement Unit (IMU) which measures 9 degrees of freedom by fusing 3 Gyroscopes,
3 magnetometers and 3 Accelerometers onto one circuit board. This particular sensor is a
common component in inertial navigation systems that you would find in airplanes,
drones and even guided missiles. The sensor works by detecting changes in the rotational axis such as pitch, roll and yaw and has seen more integration within DIY
projects as the component have become smaller, more readily available and widely
distributed through online stores catering to makers.
In addition to the IMU, we added a barometer sensor which would allow us to measure air pressure readings and give us the ability to calculate certain metrics such
as altitude and elevation, a heart rate sensor embedded in a strap which would be
attached to the chest area, a cadence sensor fitted on the bicycle wheel to determine
speed and revolutions per minute (rpm’s) and finally several gps modules.
Through rapid sampling of the sensors listed above, we were able to extract, GPS positioning, heading, elevation, altitude, rpm’s, speed, cadence, bicycle angle, g-forces,
heart rate and calorie expenditure.
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To achieve this, we used a widely used open hardware platform (arduino) with offthe-shelf components to attain the performance data and visualize it through an open
source programming software environment known as processing that gave us the
ability to connect to a host of other services, such as weather and tile maps (open
source maps). We built the prototype in this way because at the time of the project
(Oct 2012) there were not any readily available commercial systems that could measure the same bits of information. We therefore created our own custom arduino
shield, to be able to interface our sensors with the microcontroller which I designed
using another open source software called Fritzing9 and had sent off the plastic circuit
board (pcb) specifications to be custom made in Germany (Fig. 6-1a,b,c).
The limitations of the modular sensor approach proved to be challenging, as a great
deal of time was spent in trying to get the sensors to communicate to the microcontroller and we needed to create a protocol to be able to handle all this information.
This revealed an interesting drawback with hardware sketching, namely that working
with one sensor is one thing but the scalability of multiple sensors that require multiple serial communication, makes things exponentially harder to work correctly and in
turn increases complexity. In addition to the setup, I wanted to use an action camera
(Contour) to film the activity and also be able to synch the performance data to the
action footage.
We were able to achieve this by using the action camera’s integrated GPS timestamp
signature and synchronising it with the phone’s GPS timestamp signature. Which to
my knowledge was a very unique application of GPS technology as all GPS devices
share the same timestampdue to the fact that they share the same satellites. The
resulting prototype (while satisfying the requirements of performance quantification)
was a bulky mess of electronics that required a great deal of power housed in an
equally bulky enclosure (Fig. 6-2). As a result, Blackbox v1 was not as portable as I
had originally intended and as such difficult to incorporate within an athlete’s riding
session without being cumbersome. The fidelity of the prototype, couple by its form
factor, and power limitations, led to unreliable results and made the acquisition of
performance data difficult.

Upper left, Fig. 6-1a: Blackbox shield with sensor
components plugged in.
Upper right, Fig. 6-1b: The custom made Blackbox
shield, made to fit in the Arduino Mega.
Middle, Fig. 6-1c: Creating the circuit schematic and
placing components to make sure they fit as designed.
Bottom, Fig. 6-2: Black Box Prototype Version 1.

9 See fritzing.org/
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Fig. 6-4: Black Box Prototype
Version 2 Android App.
Fig. 6-5: Epic Fail - Result of a
crash while using the Black Box
Prototype.
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Blackbox V2
Fortunately for us, around this time Google released the Nexus 4 phone created by
LG. This phone had a unique feature that most other mobile phones at that time
did not. The Nexus 4 smartphone had all of the sensors we were using in the project
(or similar) directly embedded in the phone, most notably the barometer sensor. As I
understand the decision for this including this particular sensor was made by one of
the higher ups at Google who wanted to do some sort of crowd weather sampling feature, and I thank him for this. At this juncture we opted for using existing hardware
to get away from time hungry hardware prototyping practices to focusing on more of
a software driven approach; coding the Blackbox App in Android. With Blackbox
v2 now residing on the nexus device in the form of software (Fig. 6-4), we were able
to test it in the field with our user group and record performance data segmented by
sessions.
The first test was conducted in California in the Santa Cruz mountain range with a
participant that I had hoped to test the prototype with. Before doing so however, I
had mounted the phone on my own handlebars on my mountain bike, so that I double
check that everything worked before handing it off to the participant. By mounting
the phone onto the handlebars, I envisioned and assumed that I could glance at the
screen when I needed to, in order to get performance information during the course
of the cycling session. This approach resulted in two outcomes. The first was that the
vibrations from the uneven terrain wreaked havoc on the circuits of the phone and as
I later found out, rendered the microphone inoperable. The terrain encountered was
a mixture of rock, mud, tree roots etc. and these vibrations were felt by the device
as it was mounted to the handlebars of the bicycle; translated directly to the phone.
Secondly, the act of glancing at the phone’s screen during the act of mountain biking,
proved to be extremely dangerous as I experience first hand that the activity requires
complete and uninterrupted focus. As mentioned, I learned this the hard way as while
consulting the screen, my tire got stuck in a divot in the trail and I was vaulted from
the bicycle, sustaining some heavy impact injuries to my legs and arms (Fig. 6-5) and
even damaging the mountain bike itself, rendering it unusable.
This event showed me (firsthand) the perils of losing focus in situations where concentration is critical. Perhaps more importantly, I felt relieved that I had tested the setup
on myself rather that exposing a participant to a potentially dangerous scenario where
the disruption of focus was a reality that could result in injury. This made me reflect
on how we (as design researchers) introduce or expose our participants to our prototypes and what happens with unintended consequences that are potentially harmful
to their well being—how do we mitigate the risk? One thing became a clear outcome
of the experiment, introducing a screen into the context of an off-road mountain biking activity was quite simply the wrong approach, which would explain why none of
the users I was working with had any devices attached to their bikes (Fig. 6-6).
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Fig. 6-6: Working with participants to evaluate Blackbox prototype in Åre.
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Primary Takeaways
It was after conducting the Blackbox v1/v2 prototypes where I started to consider
moving away from the use of the screen based approaches when exploring forms of
input/output of performance information. Several novel approaches came out of the
creation of these prototypes that I have yet to see repeated even four years and thousands of commercially available fitness tracking devices later. Namely our approach
with synchronisation of sensor information with action camera footage using GPS
time stamp signatures and our implementation of a session overlay system where one
can compare two of the same cycling sessions, conducted at different days to gauge
progress. Furthermore, it is important to note that by adopting a maker approach, I
was able to open up and make use of open source initiatives, to create a very particular
artifact that was functional and provided an experience. This fact extends beyond
low fidelity paper prototypes or 2D sketches, to another dimension of hardware prototyping where the modularity of the sensors, hardware and software components
afforded me to explore within this materiality in a very rich and practical way that
could be immediately dispatched to the field and as such assessed in real situations.
Although the prototypes had their merits and we felt like we had come up with some
interesting innovations, there was something missing in its execution that I was still
searching for. Not being able to put my finger on it, I decided to gather some of
my users together and hold a workshop to discuss ideas around sending or receiving
information while mountain biking. I didn’t realize this at the time, but I was starting
to shift away from quantification of the activity to determining the vehicle for delivery
of information. In other words it was becoming less interested in what type of data we
measured but rather how and when we received the information with respect to the
activity that we were doing.
During the workshop, I showcased the results of the prototype, discussed its capabilities and conducted a run through of what type of information you could re-experience
post activity (Fig. 6-7). There was no analysis done based on performance, but rather
all the data was visualized and displayed in quadrants. Some of the visuals included,
graphs, video, a map of GPS location and a 3D virtual bicycle that reacted to the same
angles the bicycle underwent during the cycling session. After a stimulating discussion around the Blackbox in this incarnation, it became evident to me that the real
issue was that there was the lack of analysation being conducted and while looking
at performance data was interesting, it was difficult to determine if you were riding
better or worse on a particular part of a cycling course. Furthermore, reviewing this
information after the activity supported the post-activity reflection stage, but I hadn’t
figured out a reasonably safe method for receiving context specific information during
the activity. Above all, what was perhaps the biggest realisation for me was that I did
not want to test my initial prototypes on real people due to ethical concerns about
placing project participants in potentially harmful situations. However, I would continue to test them on myself and deal with the consequences as they arise.
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Oddly enough, it was shortly after the Blackbox v2 prototype and conducting a workshop with my cycling participants that the seasons started to shift and winter had
started. I mentioned previously that most athletes have a summer and winter sport
and this was true for my participants as well. Unfortunately, two of my users were
caught in a severe avalanche that year, bringing their involvement within the project
to an abrupt halt as they were hospitalized for the rest of the season suffering broken
bones and other contusions. It was at this moment I opted to shift my attention to
focus on indoor climbing. Since one of the outcomes of Blackbox was a conscious
decision to explore the how and when instead of what in terms of information that
is received when conducting activities; I took these insights to guide me in my next
project.

Fig 6-7: Workshop held with
cycling participants involved in
the Blackbox project.
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https://vimeo.com/172613350
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People Involved
Designed by: Rouien Zarin
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Hacking
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3D
Printer

Time Taken Building Prototype
6 Months

Senses Heightened
Post Activity awareness of the grips tracked during a climbing session
and body mechanics.

6.2 Grip Tracking in an IndoorClimbing Environment

| 165

Introduction
When climbing indoors, climber’s consider it particularly useful to track their progress while climbing for the purposes of improving skill in order to perform better outdoors. Currently, there is a grading system in place that stipulates the difficulty of the
route and can vary depending on climbing areas and even country. Beyond that, there
are no other widely adopted metrics in place for assessing climbing performance.
However, some of the practises that athletes will incorporate into their climbing
routines, is paying close attention to grip differentiation and monitoring their body
mechanics. Typically this is done by intuition and feeling, where the climber decides
to focus on certain types of holds versus others. in order to overcome a particular
weakness. Such as favoring one style of hold compared to another.
Often when one is training for a specific outdoor climbing destination like Mallorca,
Spain, they focus on climbing holds within the indoor training environment, that
exhibit similar traits to the geological rock features of the place they will be travelling
to. In the case of Spain it would be mainly limestone that exhibits mainly porous
and ‘pocket like’ characteristics. As part of the training regime, climber's that train
for a particular rock trip will purposely involve gripping certain holds while avoiding
others in preparation for the characteristics of the region they intend to climb in. As
mentioned this grip selectivity is performed mostly on feeling without any real data
that will confirm their intended program. Since a climbing gym is a closed, controlled
environment, it seemed like a natural place to setup a type of a prototyping lab environment to test how one might go about tracking what types of holds are interacted
with in a given climbing session and this can potentially be done in a number of ways.

The Climbing Sleeve Approach
The first prototypical exploration was based on an arm compression sleeve. A compression sleeve is typically made of a stretchy fabric and has been lately adopted by
many athletes, as it is known to aid in blood circulation, keep muscles warm, decrease
swelling to the worn region. Through my involvement in the climbing community,
I have observed that climbers generally wore them on the forearms where muscle
fatigue is at its greatest. The basic idea behind this prototype was to have a climber
wear a technically enhanced sleeve on their forearm, which would have embedded
sensors in it that could detect the climbing holds they come into contact with.
The climbing sleeve incorporates an Electromyography sensor or EMG, which is typically used in the medical industry to determine range of muscle movement by asserting a low voltage signal through the body (Fig. 6-8c). These electrodes, were attached
to fasteners that I then attached to the sleeve. On the inside of the sleeve, a special
electroconductive material (sourced from Holland) was sewn into the fabric in order
to create a connection with the climber’s skin (Fig. 6-8a). The idea being that I would
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From top left:
Fig. 6-8d: Custom RFID antenna Coil behind
the hand to detect grip type.
Fig. 6-8c: The climbing sleeve prototype
with embedded Electrodes.
Fig. 6-8b: Making a custom leather strap to
hold the antenna in place behind the hand.
Fig. 6-8a: Stitching in electrically conductive
patches into the sleeve.
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attempt to detect whether the climber was opening and closing their hand, so that
I could determine whether a climbing grip was grasped. In addition to the EMG
sensor, I used an RFID reader tethered to the back of the climber's hand, with a custom coiled antenna (of my own design) embedded within a custom leather hand grip
which I also made and that was inspired by the hand grips most commonly used in
gymnastics (Fig. 6-8b).
To tie it all together I would place a flat RFID tag behind each climbing hold which
had a unique identifying number. In this setup, it was possible for the antenna coil to
emit a radio frequency that travelled through the hand, behind the grip to the tag and
request identification.
Within this setup, the coding logic would look something like this, if the climbers
was in the proximity of a hold (detected through rfid) and they triggered a grip from
the EMG sensor then the grip would be recorded into the system.

If (rfid == true && gripDetected == true)
{;
		
// Do Something
};
What I hadn’t anticipated, was that the system would need to know what the tags that
it was reading actually meant and similarly, what class of climbing hold it belonged to.
Of course I could have hard coded (read: manually enter in the tag digits) a handful of
tags in order to have a working concept however, I determined that employing a hard
coded approach, was not very scalable (not to mention cumbersome) as the RFID tag
structures I was using were comprised of 8 digits. As a result, I opted to spend some
time creating a tag management program that was coded in Processing. The way the
program works is that after the tags have been placed behind the climbing holds (Fig.
6-9c), then the program will allow you to scan each climbing hold and assign it a grip
classification. To clarify, basically all indoor climbing holds can be classified under
nine different categories. Once the tags have been scanned by the climbing sleeve
prototype, the program can then save the results in an XML10 file which will be used
when climbing the tag enabled routes indoors (Fig. 6-10a,b). Using this method it is
possible to extract what type of grips a climber comes into contact with in an indoor
environment and start to build a program around which types of grips to focus on for
the outdoor climbing area they are training for.

10 XML is a markup language that defines a set of rules for encoding documents in
a format that is both human-readable and machine-readable.
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Fig 6-9a: The microcontroller unit with wireless sender,
EMG sensor and battery worn on the upper arm.
Fig 6-9b: The wrist module housing the IMU component,
RFID reader and an RGB led for feedback.
Fig 6-9c: A model of climbing wall with embedded
RFID tags for in lab testing of prototype.

6.2 Grip Tracking in an Indoor Climbing Enviroment |  169

Fig 6-10a,b: A software tool I
created to manage the various RFID tags.

Another aspect of the prototype was the capability to track body positioning and
trajectory while climbing on the wall. This could be used to translate skills and body
mechanics from one climber to another, possibly emulating beta11 using a feedback
mechanism from another climber. However, as I progressed further with my exploration, I realized that I was having difficulty coding the functionality that I had originally intended. I knew from my experiments that I could translate movements from
the IMU in the physical space to a 3D spatial screen representation. I felt that, the
ability to track the trajectory of the climber's movements when conducting a climbing route would be of particular interest as once I have a climbing trajectory, this
could create opportunities for evaluating the climbers’ movements by analysing such
performance metrics such body mechanics and explosive energy relating to dynamic
movements while reaching for a climbing hold.
I somehow got it into my head that a sensor based trajectory tracking system shouldn’t
be too difficult to achieve however, through the act of prototyping and the subsequent
skills absorbed along the way, I still couldn’t figure out how to accomplish this as it
became clear that very specific and advanced knowledge of complex sensor analytics
or accelerometry were required. At this juncture, I decided that I needed to use a
different skill to communicate the functionality I desired, relying on the knowledge I
had, rather than focusing on what I was missing, to enable dialogue with a computer
scientist so that I may know how better handle this issue.
11

Climbers heavily solicit the experience and prior knowledge of the community to achieve their goals.

This knowledge is conveyed verbally in a form of 'beta' that gives the instructional path to approach the
problem (climbing route)
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Photography as Sketching Tool
In my mind's eye, I knew what I was trying to achieve or rather coax out of the sensors I had embedded into the climbing sleeve to allow me to visualize, but I wasn’t
sure how to go about doing that. So in keeping with the spirit of making, I decided
to reach-out for outside consultation to solicit expertise when my own was lacking.
During a wearables for sports workshop at the CHI’14 conference held in Toronto, I had
the good fortune of meeting some computer scientists from Finland who were also
interested in climbing research. To support the conversation I intended to have with
the scientists, I felt I needed to try and visualize or sketch my intention in some way.
Drawing from my background in photography, I opted to attach colour LED lights
to each of my limbs and photograph myself climbing a route using an open shutter
on a digital SLR camera. This resulted in a series of photos, expressing my intention
of sensor based trajectory capture and allowed me to have a focused discussion with
people from a different field of expertise (Fig. 6-11). After various exchanged emails,
I was informed of the dreaded signal drift issue.

Signal Drift
After lengthy discussion with the computer scientists, I found out that when conducting navigation where position accuracy is difficult to achieve, the principal known
as dead reckoning is often used to calculate the current position. Signal drift in this
case, is the tendency for inertial measurements to start to drift over time. This happens as a result of accumulated error because the system has an increasing difference
between where it thinks it is compared to its actual location. This is often corrected;
through a zeroing of the sensors but in order for that to happen, a static baseline
position is needed. In other words, this approach that I wanted to take would be
very difficult to achieve using only inertial sensing because the ground is not a fixed
variable but always moving away as the climber ascends. I now felt that I was already
spending too much time digging into and being somewhat seduced by complex and
mathematically heavy signal processing techniques like accelerometry (a technique
for quantifying movement patterns), inertial analysis and dead reckoning. I started to
envision other approaches that I could try to achieve a similar experience such as the
use of a camera based approach such as the Microsoft Kinect’s gestural camera but
quickly ran into the issue that Kinect is optimized for a person to be facing the camera
and (at the time of the project) does not work reliably when filming a person from
behind—which would be the case when monitoring a climber’s movements on a wall.
Furthermore, I strongly wanted my prototype to be contained to the person’s body as
a wearable device and not rely on augmenting the wall or environments around the
wall to enhance the climbing experience.
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Fig 6-11: Time Lapse photography taken while I was climbing to illustrate trajectory.
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While I felt the the climbing sleeve was a failure to some extent, in that I couldn’t
get the desired experience that I was interested in, such as mapping the climbers trajectory to analyse movement such as body mechanics and dynamic/explosiveness vs
static movement, the steps that I took to try and capture the desired experience with
photography used as a tool for communication with persons of a different skillset and
educational background was a positive outcome of the project and somewhat unexpected. In the end I started thinking about trying to use more off-the-shelf hardware
that may be purposed to be used to create interventions that I could test quickly
to hopefully avoid investing too much time in the prototyping process. Since I was
already working with an EMG sensor, I found a unique product that may fit the bill.

The Myo Armband
With the Canadian based company Myo and their corresonding SDK, you can get a
8 sensor Electromyography (EMG) reading of your forearm movements with surprising accuracy (Fig. 6-12). With a bit of signal filtering, I was able to can detect whether
the hand is gripping something or not (Fig. 6-13). This approach will not tell you
what type of hold you are gripping but will count how many times you have gripped.
Through exploring the product and doing some quick code explorations to see what
the characteristics of the EMG signals look like, I was able to reveal that detecting
a closed hand was fairly easy and the possibility of detecting a pattern for what type
of hold was gripped may be achievable, but there were simply too many factors to do
this reliably and again—similar to the climbing sleeve approach—this would be an
exercise for someone who could do a large amount of signal processing and analysis
(which is not me). However, engaging with this product, its SDK and the types of
sensors embedded in it spawned an idea for a new but related direction at which point
spawned the idea for the Heel Hook static climbing app for a smartwatch.

Preliminary Takeaways
I initially started this project thinking to myself that I will simplify the prototype so
as not to be as complex as the Blackbox v1 and v2, but in retrospect I can see that the
climbing sleeve approach quickly grew in complexity. This was the moment where I
started to reflect on why that may be the case and how the practice of prototyping has
a tendency to scale up to something greater than originally intended. I will discuss
further on, in Chapter 7, however as a direct result, it was at precisely this point of my
prototyping endeavors, where I was starting to become frustrated with the duration of
time that it was taking to realize these prototypes. Granted my skills as a maker and
my ability to create configurations of hardware was improving, but I started to foster
an idea that I wanted to minimize the amount of time spent on prototyping to maximize the experience I could get out of them. The next project reflects this particular
overarching sentiment.

176  | 6.2 Grip Tracking in an Indoor Climbing Enviroment

Fig. 6-12: Myo Armband by
Thalmic Labs.
Fig. 6-13: Raw EMG signal(top),
smoothed signal(middle), and
grip detect signal(bottom).
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Fig. 6-15b: Heel Hook app
residing in the 1st generation
pebble smartwatch.
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People Involved
Conceived and Designed by: Rouien Zarin
Programmed by: Fredrik Nilbrink

Skills Involved

Software
Coding

Accelerometry

Interface
Design

Time Taken Building Prototype
2 Days

Senses Heightened
Haptic feedback on body mechanics in real-time while climbing
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Description
The act of climbing involves a great deal of muscles working in unison to achieve
fluid, controlled and often elegant movement. In climbing terminology, climbers
aspire to climb as static as possible while maintaining reserves for explosive, dynamic
movements when needed. Static climbing can be described essentially as a climber's
ability to move smoothly and seemingly without effort while ascending a wall. This
is an ability that comes with experience, training, and physical conditioning. Climbing statically, epitomizes a more energy efficient form of climbing but also advocates
an increase in calculated and precise movements, resulting in an aesthetically and
technically superior climbing experience. Often beginners to the sport have difficulty
climbing statically, that is to say that they shake excessively and make impulsive decisions subsequently leading to a buildup of lactic acid in the arms and legs— a condition affectionately referred to as being ‘pumped’ out. These circumstances can lead to
injury, overexertion and muscle strain and even tear (Fig. 6-14).
Certain styles of climbing lend themselves to particular modes of climbing— for
example boulder routes typically require bursts of explosive energy resulting in
dynamic movements, while sport routes typically don’t have the explosiveness of
bouldering as that would increase the risk of falling and having to rely on protection
equipment to which the climber is tethered to.
In order to explore the notion of enhancing static climbing ability, I designed a climbing app titled Heel Hook for the Pebble smartwatch (Fig. 6-15). My Intention behind
Heel Hook was to help static, fluid climbing promoted through wearing the smartwatch during the activity. The app leverages the built in accelerometer and the vibration motor to allow for increased awareness of the fluidity of one’s movements. The
climber is able to adjust the movement sensitivity threshold to affect the sensitivity
of the app. To track climbing movements, the climber starts the app before they are
about to boulder their next route and tests their static climbing ability to see if the
Heel Hook app buzzes during the course of the climbing session.

How Heel Hook Works
The interface is fairly simplistic and straightforward; graphically comprised of essentially a dot within a ring. The dot graphic is programmatically connected directly to
the accelerometer and as such responds to the climber's movements. When the wrist
is moved, the dot moves correspondingly. The ring in the interface, represents the
sensitivity threshold which can be adjusted through the tangible buttons on the side of
the watch. If at any point during the climb, the dot comes in contact with the ring, the
watch buzzes signifying that the climber has violated their preset rule for the climb.
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Fig 6-14: My hand with a skin
tear after a bouldering session.
Fig 6-15a: Heel Hook app as
seen on the pebble app store
released in 2015.
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To communicate with the climber, Heel Hook leverages haptic feedback and in doing
so, the app is designed to get the wearer to focus on their climbing style— paying
specific attention to climbing mechanics while not interfering with the act of climbing itself.
In that respect, Heel Hook can be considered as a form of a discreet communication device (Chang et al., 2002). Discreet in the sense that the device does not try
to compete with focus as the wearer doesn’t pay attention to the device unless they
have crossed the devised threshold setting. Heel Hook embodies the body mechanics
stemming from the climbers movement to raise awareness about their actions in realtime during the physical act of indoor/outdoor rock climbing.
The app was qualitatively tested among 10 willing climbing participants during a
half hour climbing session followed by a semi-structured interviewing format. While
some climbers complained that wearing a watch was not part of their climbing ritual,
all participants unanimously agreed that indeed the App prompted them to think
about their climbing style while climbing and impacted their behaviour to climb
within the parameters they set for themselves. Further development and testing could
build on this framework to include implementation of a desired program as well as an
ability to measure, save and graph movements of climbing sessions for further analysis
by the climbers. However, the intention of this initial implementation of the prototype was to mainly test if a digital artifact could heighten awareness about a climber's
body mechanics without being disruptive to the activity; aligning specifically to the
main inquiry of this thesis. As a result of the initial testing, we also proceeded to
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bundle and publish the prototype app and offer it for free to the climbing community
by launching it onto the Pebble App Store for other climbers (with a pebble watch)
to experience and evaluate. At the time of writing this, the Heel Hook App has been
downloaded 47 times.

Takeaways
This prototype was an initial foray into leveraging an existing hardware product and
its corresponding SDK within an activity investigation. While this meant that the
artifact was largely pre-designed in terms of hardware and form factor, the SDK
provided room for programming-in behavioural functionality in the formulation of
a custom app and presented the opportunity to employ the device in the exploration
of body mechanics during climbing performance. As previously stated, the intention
of this approach was mainly to minimise the time spent of custom hardware prototyping, to get at an experiential design quickly. This proved to be a useful technique
for engaging with the ideas surrounding climbing ability that I was exploring and
had the added value of being easy to test with participants to query their qualitative
experiences. For example, many of the issues that were associated with the Blackbox
project was rendered obsolete such as concerns pertaining to power management,
prototype durability and optimizing sensor data—as they were already handled by
the manufacturers of the smartwatch. It was precisely at this point when I started
to re-consider the length of time spent on prototyping activities versus the research
value I was gaining—which will be discussed in more detail in Chapter 7.

Future Implications
If one had the luxury of creating a climbing wall from the ground up, then perhaps
it can be designed in such a way that each hold would be essentially self aware. In
this scenario, the climbing hold would know whether it was gripped, for how long
and could create a type of running scorecard for the climber. This setup would lend
itself to the internal climbing gym environment as most of the more advanced patrons
use the gym for training purposes to become progressively stronger when climbing
outside during the climbing season. In this way, a climber could meticulously follow
their progress, identify peak strength periods during the day and discuss results with
fellow climbers in an effort to support one another.

Fig. 6-16: A participant using the
Heel Hook smartwatch app during
qualitative testing.
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https://vimeo.com/97220735

https://vimeo.com/97220272
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Visual feedback on cycling performance in real-time while cycling and skiing
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Description
In the winter/spring of 2014, I had the opportunity to supervise a Masters student
named Daniel Red from Spain. Daniel has a background in graphic design and was
interested in exploring how one might use a Heads Up Display for cycling and skiing
applications. I had learned early on from the Blackbox project exploration that attaching a screen to a bicycle was not a particularly reliable way to receive information
while downhill mountain biking or trail riding for the following reasons:
• vibrations from variable terrain make it hard to see the information
• vibrations are also damaging to the hardware (damaged my microphone)
• focusing on the screen leads to losing situational awareness, takes eyes
off the trail
• contrast issues for readability outdoors
• difficult to use as input devices, specially when wearing gloves
However, using a HUD during cycling activities warranted further exploration due
to the fact that it could potentially offset most of the negatives mentioned above and
contextually speaking, both sports (skiing and cycling) respectively use some sort of
eyewear during the activity to protect the athlete from the elements such as wind,
snow or mud, sun, rain etc.
During several months we experimented with what types of information we could
relay to the rider, paying specific attention to graphical layout as it pertains to formatting, color and readability.
In that sense, the project was mainly a graphical exercise as we did not have access to
an actual HUD unit at the time. We mainly focused on how certain types of information may be represented such as speed and showing markers or tracking a friend that
one might be cycling with, using graphical visualization techniques and video editing.
We created mock data and overlaid it onto video footage, depicting a first-person view
of a cyclist on a trail or skiing down a hill.
About six months after the explorations were completed, I had the opportunity to
acquire a Google Glass headset and proceeded to test the experience of displaying
performane data visually to the HUD while cycling. Of course the information was
faked as it was completed months before, but the intention was to see if receiving performance data while cycling using this method was a feasible approach and evaluate
whether the information was readable and thus understandable by using it in a real
cycling activity. My initial instinct, was that the data would be difficult to distinguish
from the constantly moving terrain and that there would be issues with contrast.
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However I was surprised to find that although some optimization was required with
respect to the size of the graphical elements (Google Glass has a small screen realestate) however these elements were easily viewable in bright and sunny conditions
and what’s more, it was possible to not specifically focus on the graphics but maintain
visual eye contact with the terrain and oncoming obstacles.

Future Implications
In Feb of 2014, I was interested in viewing the Winter Olympic games in being held
in Sochi, Russia. During that time I had the unique opportunity to enter a very
small biathlon (skiing and shooting) competition organised by a local hunting club.
This was a friendly 5km ski race with 5 stations set up for targeted shooting with
high powered hunting rifles with scopes held on a golf course that was closed for the
season.
Being a friendly competition, the rules were not as stringent as an actual biathlon
race and we had to shoot five rounds into each target; tabulating the results after
each round to count up our points. Being that I’d been thinking and working with
climbing and cycling related projects, my mind couldn’t help but contemplate the
possibilities of using HUD technology to help train a marksman in compensating for
the bullet's velocity at longer ranges. Before this competition started, these velocity
calculations were done in advance manually, and scribbled down on a piece of paper.
Knowing that each shooting station had a specific range, the participant would tabulate what the compensation offset would be so one could atempt to shoot as close
to the bulls eye as possible. For example at a 200m distance, the shooter needed to
compensate 12cm above bullseye to hit the target. In addition to this, a shooter must
also take into account the wind direction and force when at the shooting station. The
ability to create these calculations, relies heavily on experience and intuition of the
shooter as they would look at a flag at the station to see which way the wind is blowing
and attempt to estimate its speed. What if these values can be tabulated on the fly and
a shooter could train by getting corrective responses from a system that could actively
monitor whether they are within the target or not. What if this system could not only
monitor wind speed and distance but also the bio feedback of the shooter like pulse?
This system could be perhaps beneficial to the training process, oriented towards gaining a better intuition about the variables inherent to the activity. Don’t get me wrong,
I don’t think of this system as being a better way to cheat, but rather tool not used in a
competition setting, but used as a training hardware to help a marksman understand
the physics involved to be able to improve their skills and tune their senses.
This left me thinking, how should a wearable technology operate? Should it be a prosthetic; enabling abilities by changing our physiological makeup? or should it enhance
our existing abilities, by heightening the senses we rely on constantly in order to
improve those senses?
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Takeaways
Upon reflection on this project, there seems to be an indication that the presentation
of information should be broken down categorically so that there is a specific data set
being shown at any given time. This is partially due to the screen real estate afforded
by the device itself but also the amount of information that can be realistically processed by a cyclist while immersed in an activity requires consideration. Ideally one
to two pieces of information such as speed and heart rate with complimentary information being made available through user driven prompts such as a mode switch.
How that switch —between states of information— is triggered; bears significance.
Whether this action is achieved through a tangible button embedded on the bicycle
itself, voice activated, integrated in a garment such as tapping on your arm, or by some
other means; this interaction needs to be explored in a way that does not conflict with
the activity. What was primarily focused on in this prototype however, was the type
of information that would be projected and that information was limited to a single
eye output, which is dictated by the form of the device and thus reflected in the design
of the exploration.
Another takeaway to this particular approach, was that despite varying light conditions, the legibility of the data was adequate but the graphics need to be larger.
Furthermore, vibrations of the terrain was somewhat compensated naturally by the
rider’s body, which help dampen the shocks incurred while riding—at least on flat
road surface terrain, which is where the setup was tested. However, further testing
will be required to evaluate how the prototype is experienced on downhill terrain
where vibrations are considerably more pronounced than road cycling. One possibility
to mitigate terrain vibration could be for example to utilize the accelerometer sensor
embedded in the glasses in order to create a image stabilization algorithm in order to
maintain legibility.
The graphical layout is strongly dependant on the type of hardware that is used and
the form in which the display takes. If one was to use a full HUD visor that spans
across both eyes, then a cyclist could potentially process more information but that
remains to be tested. Nevertheless through this small exploration, I am inclined to
think that using a HUD to display performance data or other types of data while
engaged in a performative activity like cycling or skiing appears to be a promising
approach to retaining situational awareness while in motion and interfacing with digital information however, the experience would need to be crafted with the activity
in mind.
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https://vimeo.com/139466095
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People Involved
Conceived and Programed by: Rouien Zarin

Skills Involved

Climbing

Google
Glass

Android
Coding

Streaming
Technology

Time Taken Building Prototype
2 Days

Senses Heightened
Visual feedback while in real-time while climbing
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Description
Golf, tennis, speed skating and hockey are all examples of sports that have a practice
of using a reflective mirror during training sessions in order to enhance visual feedback to improve body posturing (Fig. 6-17). This method, has been used to help with
form correction while conducting certain actions, particularly where proper body
positions can have a significant effect to obtaining positive results.

Fig. 6-17: Instant feedback for skating using a mounted mirror.

When a person repeats certain gestures numerous times, they can effectively program those gestures into muscle memory (Larkin, 1997) so that these movements
then begin to feel like they are second nature. Building upon this premise, I created
a video feed from a mobile phone mounted on a tripod and streamed that video to a
HUD (Google Glass) to allow a climber to see his/herself from behind and monitor
their movemens in real-time (Fig. 6-18). This is with the intention of enhancing the
extra sensory perception of the bodys’ movement. The prototype provides the climber
a meta overview from a unique, previously unaccessible perspective by revealing a 3rd
person view of the climbers whole body during the activity.
In this setup, a Google Glass HUD was used due to the fact that it is completely
untethered by wires yet connected to the internet via a smartphone and has a transparent overlay which does not directly occlude the line of sight and as such, less likely
to disrupt the activity of climbing than using another type of non transparent HUD
product. This was particularly crucial as while climbing, one relies heavily on the
visual senses to target and grasp climbing holds. During this exploration, through
the act of glancing to the top right of the viewer's field of vision (FOV), one can see
his/herself from behind, getting an overview of the entire body and thus permitting
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active monitoring of body mechanics during the activity. If the climber chooses to
focus on the route he/she looks forward and climbs as usual, ignoring the imagery in
the upper right of their FOV. In the initial test, this prototype took some getting used
to and ideally one would want a system that is smart enough to be able to pan and
follow the climber’s movements so that the climber is always within the frame. This
is especially important when performing on longer climbing routes. That being said,
streaming video directly to your face while climbing vs. consulting recorded video’s
post climb has the advantage of immediacy and gives the climber the ability to make
postural adjustments in-situ that could be of interest to further investigate and study;
particulary its impact on behavior and skill.

Future Implications
In the future I can imagine this technique could be implemented into safety drones
following our every movements in an alpine environment, and giving the climber
route specific feedback such as how far it is to the summit, how long it's been since you
have placed protection (gear in the rock face), sending alerts when veering off course,
if the snow above the climb is too dense or the ice is too thin etc..
The advantages of this approach rather than the traditionally reviewing recorded
video playback is that you get real-time information about what your are doing; while
your are doing it, effectively minimising the feedback loop described previously in figure 6-1 and allowing for the ability of assessment during action. This could potentially
be a powerful method for informing intuition in expediting the techniques required
to achieve effective and controlled climbing. Furthermore, this method extends the
notion of supporting interpersonal communication mentioned in Chapter 5, by creating the environment for self-surveillance that works towards informing and creating
new knowledge about the body’s mechanics when performing certain movements.

Fig. 6-18: First-testing Third eye
climb prototype, streaming video
of myself to my face.
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6.6 Griptile: Shapeshifting Handlebars  for Mountain biking |  199

https://vimeo.com/170797865
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People Involved
Designed and Programed by: Rouien Zarin

Skills Involved

Laser
Cutting

Cycling

3D
Printer

Hardware
Coding

Custom
Gear Design

Software
Coding

Soldering

Time Taken Building Prototype
1 week

Senses Heightened
Direction awareness through tactile feedback while cycling
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Description
This prototype explores the notion of a shapeshifting interface, created for use in
mountain biking handlebars as a screen less output device for wayfinding applications. Griptile demonstrates a design to explore a tactile approach for informing
a cyclist while riding. By providing an alternative means for tactile feedback, the
method utilized, attempts to minimize or prevent the loss of situational awareness by
helping to retain focus on riding activities while concurrently receiving digital route
information.

Introduction
When cycling on trails, through the woods or on a single track downhill course,
cyclists use maps to determine their location and heading, when traversing unfamiliar terrain. These maps are either in physical forms like topographical paper terrain
maps or accessed through digital formats on mobile devices. During these off-road
cycling sessions, maps need to be consulted periodically, however physically mounting a smartphone onto handlebars has its limitations as it is near impossible to consult without stopping as the vibrations from the variable terrain, does not readily
lend itself to legibility. Additionally, when navigating uneven terrain it is crucial to
focus on the trail as not doing so, will lead higher probabilities to a loss in situational
awareness, leaving cyclists prone to accidents and injury. Voice-guided GPS navigation could also be possible, issued through apps such as Google Maps and used in
particular situations, such as inside cars. However in outdoor environments, these
voice systems are extremely susceptible to environmental factors such as wind noise.
For this reason, I explore a screen-less based approach in communicating wayfinding
information, relayed directly from the smart phone; giving necessary route information to the cyclist via the handlebars without the phone leaving the cyclists’ pocket.
To exemplify the notion of shape shifting handle bar grips, the Griptile prototype
was created. As a mechanically actuated, tangible, wayfinding device that endeavors to give timely directional information through the cyclists’ hands. The current
prototype is designed to test user perceptions of the tactile experience within the
lab environment and simultaneously serve as a hardware platform for evaluating the
experience of feeling directional information through the hands.
Griptile attempts to alleviate situational awareness loss (Parkes & Hooijmeijer, 2000)
that occurs when cyclists try to interact with mobile devices while actively cycling.
When consulting a physically mounted device on the handlebars while cycling on
uneven terrain, situational awareness significantly drops causing cyclists to make
riskier decisions during demanding tasks, such as weaving or delayed reactions when
detecting obstacles.
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Fig. 6-19: Illustration of pins performing
a linear sequence.
In its first implementation, Griptile
conveys approaching left and right turns
prompts by actuating the servo pins successively in the desired direction.
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From the top:
Fig. 6-20a: Shape Shifting
Membrane developed by MIT.
Fig. 6-20b: Shape Shifting
Pixels developed by MIT,
source: Wired.
Fig.6-20c: Close up of pin being
actuated up through the grip
handle.
Fig. 6-20d: View of entire
prototype with integrated
components.
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Related Work
As mentioned, Griptile can be thought of as a shape shifting interface and there have
been some work done previously within the field of HCI, that similarly explore shape
shifting qualities.

Surface Actuation
MIT have been experimenting with a custom shape shifting membrane composite
that is actuated using an embedded active heating membrane to bend and morph
in shape. Heibeck et al. claim that more complex and active shape-actuation can be
achieved by designing resistive heating patterns into a flexible circuit (2015). The
above mentioned researchers exploring surface actuation, do so as a means of utilizing abstract data representation and various aesthetics in translating digital data to
movement (Fig. 6-20a,b).
Similarly, the Tactophone project (Horev, 2008) investigates the idea of allowing a
user to feel information nearby through a morphing surface by displaying tactile icons
that combine shape and movement to represent information for mobile applications
not to mention other initiatives that investigate two-dimensional, tilt-based shape
shifting as a means of displaying contents that are off the screen on the mobile phone
(Hemmart et al., 2010). The Griptile prototype equally utilizes actuation techniques
as a means of altering the shape of the handlebars to convey information and the
hardware relies on connectivity to a smartphone to receive input from a wayfinding
application-which broadcasts approaching turns.

The Griptile Prototype
Griptile is characterised as a servo-mechanical actuated system that relies on smartphone input. The prototype consists of a Leonardo microcontroller board that is programmed to control six stepper motors, which are in turn connected to a series of a
custom 3D printed rack & pinion gear system. Each pin mechanism is actuated by
the pinion gear, driving the rack vertically to push a rod through pre-drilled holes in
the handlebar grips. The grips are then wrapped in a stretchy textile fabric. When
in its relaxed state, the grips feel like regular handle bars however, once actuated the
Griptile pins protrude out of the handle bar shaft, simultaneously pushing the fabric
and thus morphing the shape of the handle grips (Fig. 6-20c,d). The mechanics of
the prototype was built in this manner to allow for quickly creating an experiential
platform that could be further expanded upon user testing. All the components were
readily available or easy to acquire in my immediate research environment and as such
the time spent in this prototypical sketch was minimal-when compared to previous
projects stated in this chapter.
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Fig. 6-21a: The first iteration of a prototype for discrete communication through handlebars.
Fig. 6-21b: Casting the coin cell octators into a silicon solution.
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Why the Grips?
A cyclist’s relationship to their bicycle can be considered much like the carpenters’
relationship with his hammer. The bicycle is a tool that the cyclist uses and expresses
their skill through directly manipulating that tool. The bicycle in turn, serves to mediate the actions of the cyclist towards the terrain. While engaged in the act of cycling,
the object of the bicycle effectively disappears into the background of cyclists’ focus
and one can perhaps relate this phenomenon to Heidegger’s concept of ready-to-hand
(Heidegger, 1962, pg. 107). From a Heideggarian perspective knowledge of the world
is not a given, but emerges through interaction (Dourish, 2004). During this engaging activity, there is a steady stream of information sent to the cyclist that permeates
up through the bicycle from the tires, continuing up to the handlebars and finally felt
trough the riders’ fingers. These vibrations of the terrain surface, give important and
necessary information, prompting constant decision making and corrective positioning responses of the body. Slippery, soft, hard, sticky and corrugated terrain are but a
few of the many sensations that can be experienced through the act of riding. Griptile
attempts to tap into this existing stream of feedback by layering complimentary pieces
of information, enhancing the world that readily exists. The advantages being that the
cyclist continues to focus on an already sensorially intensive task and reduce disruption of the activity. Griptile can also be considered as a peripheral display as peripheral displays refer to systems that are out of a person’s primary focus of attention and
may communicate one or more pieces of information (Pielot, 2013).

Exploring Haptic feedback
Originally, I had designed a handlebar system using vibration as a mode of feedback
(Fig. 6-21a). The first version of the prototype was designed to explore the notion of
discrete communication through vibro feedback with the mountain biking handlebars. Similar, to the Giptile system, I was interested in investigating this method as a
way of conveying information to cyclists without the need of a screen to convey digital
information through the hands. The setup comprised of a series of coin cell vibration motors which are commonly found in mobile phones that was cast into silicon
(Fig. 6-21b) and activated using a microcontroller. Through this method, I could
successively activate the vibration motors to tangibly display for example wayfinding
information of impending turns.

Issues
Through the prototyping process however, I uncovered certain key issues that I could
not resolve. The first issue was that of latency. The motors required a startup slowdown period that I had not accounted for within this application. This is not something was not evident in the outset, and it was only upon attempting to prototype
with this hardware that this property manifested itself through my direct use of the
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component. Experientially, the latency issue exhibited the sensation of a non-responsive system which ultimately affected the overall experience of the prototype.
The second and perhaps most crucial issue is that while the haptic approach worked
well enough within a lab environment, I quickly realized through use and following
my fieldwork exercises where I embedded myself into various cycling activities, that
the vibrations caused by the motors would never overcome or be discernible over the
natural vibrations of the trail terrain that one encounters when off road mountain biking. As such I felt that at this point I would interrupt this exploration while still feeling that the approach through communicating via the handlebars worthy of pursuing,
it required perhaps a different method. This is ultimately why I oriented towards a
shape shifting approach.

Limitations and Future Directions
Griptile is the second iteration of a prototype exploring a screen less approaches to
conveying wayfinding information. The current implementation is centered on providing a tangible representation of data to the cyclist, while simultaneously maintaining focus on the activity. The interaction with the device is one way and does not
allow for any input or physical manipulation from the cyclist. Future implementations
could include trying to convey other types of information such as elevation or friend
tracking when cycling in a group. A future prototype could be focused on portability
to enable field testing on actual bike trails and perhaps even increasing the resolution
of the pins to explore a richer array of interactions. Some initial ideas around portability could be to substitute the mechanical components of the stepper motors and gears
with a micro-fluid technology like Tactus (Tactus Technology, 2015). Where a small
electrical charge can cause the fluid to expand or contract, decreasing the form factor
and enabling testing out on the trails.

Takeaways
In this section, I have presented an example of a shape shifting interface used to perform surface actuation for cycling applications that was designed to evaluate the experiential qualities of a tangible wayfinding tool. Through exposure to project participants and their initial reactions, this approach seems promising in receiving certain
types of information, without having to rely on a screen based approach. However,
in its current implementation, the resolution of information is low and needs to be
considered when thinking about types of information being transmitted. In addition,
using a shape shifting approach to changing the physical properties of the handlebars
makes it easier for a cyclist to discern information over the vibration feedback from
the coin cell vibrators and should be explored further. Ultimately while the above
setup works fine in translating the experience within a lab environment, the prototype
would need to be completely redesigned, if testing in real use cases is desired.

208  | 6.6 Griptile: Shapeshifting Handlebars for Mountain biking

6.7 Morpheel Tactile Steering Wheel
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https://vimeo.com/130443669
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People Involved
Designed and Programed by: Rouien Zarin

Skills Involved

Soldering

Laser
Cutting

Photography

Hardware
Coding

Software
Coding

Time Taken Building Prototype
2 weeks

Senses Heightened
Speed awareness while driving in an electrical vehicle
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Description
This prototype furthers the exploration of a shapeshifting interface started with the
previous project, but is oriented for use in electrical vehicles (EV) as an alternative
tactile output method for heightening speed awareness. The goal was to demonstrate
a prototype designed to explore a tactile approach for discreetly informing a driver
during the act of driving an EV. Similar to Griptile, by focusing on providing feedback through the steering wheel, the assumption is that this will potentially prevent
the loss of situational awareness due to glancing away from the road and help retain
focus on the activity of driving.

Introduction
Many car enthusiasts appreciate the qualities of finely tuned engines and the throaty
sounds they emit when speeding down a quiet country road or a secluded highway.
For some, these engine noises can serve a dual purpose as drivers have been conditioned (through experienced use) that listening to these sounds can give important
audible cues when to shift a gear and even allow for speed approximation without
so much as a glance to the instrument panel on the driving console. This outcome is
un-designed, unintentional and yet widely practiced. It is not stated in any driving
manuals that one must listen to the engine revolutions to shift gears. It is a skill that
is directly tethered to experience. In an electrical vehicle however, there is a noticeable absence of these sound qualities—due to the obvious absence of the combustible
engine and its corresponding characteristics. Revolutions per minutes (RPMs) no
longer apply. At the most, one may perceive an increase in friction noise between the
tires and road surface—but these pale in comparison to the sounds and vibrations,
combustion engines normally emit. This feedback mechanism that many drivers have
come to rely on has effectively been eliminated, and with them the benefits of keeping
eyes on the road rather than constant consultation of the dashboard panel to track
speed and ensure that drivers stay within limits.
If we continue the desire to drive and not rely on automated systems to handle road
conditions, then perhaps an alternative to informing driving awareness could be
explored with respect to electric vehicles. In an attempt to re-introduce feedback to
this effect, Morpheel demonstrates an exploration of a shapeshifting steering wheel,
envisioned to enable tactile feedback to the driver.

Concept
Morpheel is a mechanically actuated, screen-less feedback device that endeavors to
deliver timely information such as speed approximation, obstacle detection and wayfinding through the drivers’ hands.
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Fig. 6-22a: An Illustration of how the pin mechanism pushes outwards.
Fig. 6-22b: Driver holding the steering wheel receiving feedback through the actuated
material.

The current prototype is designed to test user perceptions of the tactile experience
within the lab environment and serve as a hardware platform for evaluating the experience of feeling various bits of information during the act of driving.
In this first implementation, Morpheel tangibly represents speed information by actuating the servo pins that push and expand a membrane around the steering wheel.
This prototype exploration is not meant as a substitute for dashboard instrumentation,
but rather provide a tactile way of introducing a discrete feedback layer to the driver
(Fig. 6-22 a,b). Morpheel builds upon Ishii et al’s radical atoms notion that “dynamic
changes of physical form can be reflected in digital states in real time, and vice versa”
(Ishii 2012, pg. 45) as the morpheel approach attempts to utilize shape changing
properties of physical material as a means for communicating digital information.

Related Work
Morpheel can be considered as a peripheral interface (Pielot, 2013) and simultaneously a shapeshifting interface (SSI). It is peripheral in that it is not in the specific line
of driver’s field of focus and as such, does not try to compete for visual attention; effectively retaining situational focus. It is also a shapeshifting device in that the surface
properties of the steeringwheel, change shape depending on the digital information
being communicated, but if the driver maintains a specific speed, the wheel becomes
inert and goes into a resting state.
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Haptic Feedback
There have been some similar work conductedwithin the area of providing information tangibly to drivers using haptics. Mercedes has been developing a framework for
haptic communication to drivers called Active Lane Keeping Assist (Mercedes-Benz
TV, 2013) which aggregates information from a symphony of sensors and cameras
that are programmed to detect obstacles and other vehicles while driving and provide
vibration feedback to the driver hands. They apply the technology towards improvement of lane deviation or blind spots awareness (Fig. 6-23). Similarly, AT&T and
Carnegie Mellon University (CMU) have been exploring the effect of combining
an array of vibration motors on a steering wheel to relay navigational information
(AT&T, 2012) without the use of a screen.
The Morpheel prototype explores notions of shape shifting because as suggested with
the Griptile prototype, while vibration based feedback can be useful for notifications,
vibrations have very distinct qualities that suit binary on/off states and would be very
distracting during sustained use. By changing the physical properties of the steering
wheel the intention is that Morpheel demands less attention from the driver, by providing a subtle way of relaying speed information using a gradual growing/shrinking
qualities of a membrane under some form of actuation. The Morpheel Prototype has
two defining states: Active and Resting.
When the prototype is in its active state, it is in the process of morphing or changing shape. In the case of highway driving, the acceleration would be relative to the
material actuation, but once a constant speed is attained then Morpheel would switch
to its resting state and the device would no longer be in the driver's focus. Once
again, we can relate this to Heidegger’s concept of ready-to-hand and present-at-hand
(Dourish, 2004). From a Heideggarian perspective we suggest that Morpheel in
its active state would be present-at-hand as while it is mediating the steering of the
vehicle, Morpheel would be in the driver’s awareness but fade to the background once
resting becoming invisible to the driver; once again assuming the role of being ‘just’
a steering wheel.

The Prototype Design
The Morpheel prototype setup was tethered to an open source car racing game called
Speed Dreams (Speed Dreams, 2015) that allowed me to recompile the game and
extract speed data directly out of the gameplay. This speed data was then ported over
to an Arduino Leonardo microcontroller which in turn manipulates the Morpheel
prototype. The prototype itself is built upon existing game steering wheel hardware
but with the added layer of shape shifting components. During gameplay Morpheel is
designed for users to experience a change in the steering wheel form factor in relation
to their speed in the game—as servo pins are actuated centrifugally outwards into the
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users’ hands. The desired impression is that the steering wheel is smooth when the
vehicle is static, but once speed increases the wheel becomes more textured or uneven.
Further study is required however, as initial exposure to participants show that users
immediately couple the sensation they feel through their hands to the speed in which
the vehicle is travelling.

Example of Micro/Fluid Tactile Actuation

Not Actuated State

Actuated

Fig. 6-23: Active Lane Keeping Assist, photo credits Mercedes TV.
Fig. 6-24: an example of the steering
wheel being actuated through microfluid technology.
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Limitations and Future Directions
Morpheel is the first iteration of a prototype exploring screen less, ambient (Zarin and
Fällman, 2010) approaches to conveying feedback information to drivers. The current
implementation is focused on providing a tangible representation of speed data to
help people retain focus while driving. The interaction with the device is one way and
does not allow for any input or physical manipulation from the driver. Future implementations could include trying to convey other types of information such as lane
assistance or navigational prompting. Perhaps other shapeshifting form factors can
be experimented such as microfluidic technology (Fig.6-24) as used with the tactus
devices (Tactus Technology, 2015), with the intention of increasing the resolution of
material actuation to relay a richer array of information to the driver.

Primary Takeaways
Similar to the previous section, I have presented another notion of shape shifting interface used to perform surface actuation for driving in an electrical vehicle.
Through the introduction of the Morpheel prototype that was designed to evaluate
the experiential qualities of a tangible feedback device, I have attempted to explore a
scenario for transmitting information in a tactile manner, while a person is engaged
in the activity of driving. As mentioned, this project is an instantiation of the Griptile
prototype and as such, I wanted to see if concepts used within one prototype could be
abstracted and used within another activity. Although I feel that this approach bears
further investigation, it is important not to discount the context of where a device
like this may be situated and the many factors involving its use. For example, should
this approach be deemed sufficiently interesting enough to become a product, then
it would be subject to the rigors of scientific testing to reveal how the device would
actually impact driving behaviour. In addition, the current regulations involving air
bags and the governing body that determines the extent of components and functionality a steering mechanism is allowed to have, must be considered as is the case
when attempting to bring any novel expressions of technology into an established
industry. However, from an in-lab, prototyping standpoint, coupling the device with
an existing simulation platform like speed-dreams allowed for an easy way to initially
sketch out the concept in an artifactual form and expose it to others. The next step
could perhaps be to try and create a version where one could wrap around an existing
steering wheel in a car and to test drive around in a parking lot, in order to get closer
to the real-use case or should the resources permit, a closed and controlled area where
sufficient testing can be accomplished with real variables in the field. At this juncture,
this approach may perhaps be pursued further as it is currently undergoing a patenting process and there are plans by some of the funding partners behind this thesis to
involve industry partners to explore whether commercialization is feasible.

216  | 6.7 Morpheel Tactile Steering Wheel

6.8 Tangible Embedded Processing 
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People Involved
Prototyping and programming: Rouien Zarin
Programming: Fredrik Nilbrink
Project Input: Andreas Lund
Project Input: Ambra Trotto

Skills Involved

Soldering

Temperature
Sensor

Hardware
Coding

Hall Effect
Sensor

Smartwatch

Bluetooth

Servo Motor

Time Taken Building Prototype
1-5 Days

Senses Heightened
Awareness of boiling point of an industrial boiler that requires control

Description
While working at the Interactive Institute I had the opportunity to work on a
pre-study conducted on behalf of Process Industriell IT och Automation (PiiA)
in Sweden to explore how wearable technology could play a role in the processing industry. Having worked in the past with processing industry related
projects— in an interaction designer capacity, I wanted to take the opportunity to try alternative methods inspired through my PhD process to explore
some of the stated criterion within the project.
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Internal Hackathon
Through my make to learn approach described in Chapter 1, I wanted to start exploring what results might arise when you get people together within a company structure
to play with sensors and actuators with the goal of addressing plausible scenarios
in an industrial, factory setting for control room operators. I organized the internal
hackathon, which could be loosely described as aggregating people from different
backgrounds to collaborate intensively and work together on a common goal. Being
that the interactive institute engages in various interactive projects where hardware
prototyping is often used as an element in the process of exploration, we had a fairly
extensive library of sensors and microcontrollers at our disposal.
Upon the kick-off of the hackathon, the team sat down and discussed ideas of what
we would like to be able to achieve—with the resources around us—and then spend
the rest of the day soldering, building, laser cutting and programming our collective
idea.
Our goal was to have a functional prototype that would be easy to experience and
ultimately aid us in the process of communication with other stakeholders involved in
other phases of the pre-study. Fundamentally, I was guided by the belief that during
the pre-study site visits of process factories, we needed to have something tangible
that could:
a) serve as an entry point in the discussion, but be unfinished enough to allow
for alterations
b) help bridge the cognitive gap and create a focal point to shortcut process
c) promote a reaction for or against the prototype to help probe deeper into
discovering opportunities for interventions in an imagined world
d) serve as a platform to translate the sometimes conceptual elements of a
designerly process through a tangible representation with relatable cues to
facilitate communication

Outcome
During the hackathon, the team wanted to explore notions of receiving and sending
information while navigating through the factory. We created a fictitious scenario
where a factory operator wanted to monitor a particular machine that he/she was having problems with. In our vision we created a method for tuning into the machine like
one might tune into a radio and get a feed of information broadcasted to the operator.
In our setup, the operator would be equipped with a smartwatch that has the ability
to send and receive information. We then sensored up a miniature model of a steam
engine with temperature sensor, servo motor and a hall effect sensor.
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The temperature sensor measures and broadcasts the temperature of the steam engines’
boiler which is displayed on the pebble smartwatch in real time (Fig. 6-25). Once the
boiler reaches a particular temperature, the operator is notified with a haptic vibration and has the option to push a button on the watch to wirelessly actuate the servo
motor and release pressure from a valve on the boiler (making a toot sound similar to
a train engine). The hall effect sensor was used to tabulate the revolutions on the mini
generator which is attached and run by the steam engine. This information was also
broadcast and displayed on the watch in real time as seen in figure 6-26.

Fig. 6-25: Wiring up the steam
engine to receive/transmit
information to the smartwatch.
Fig. 6-26: A schematic of the TEPI
prototype.
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Organised Workshop
Another step in the process, was to organize a workshop with non-stakeholders from
complementary fields of expertise. This workshop was conducted with a smart textiles
expert and an illustrator that was also involved in launching a sports brand. The idea
of the workshop was to try and get unbiased input from people with no prior knowledge of the processing industry to maximize fresh ideas and instill new thinking.
During the course of the discussion we worked with analogue materials, papers, pens,
post its etc... And very quickly a theme began to emerge that took central focus.
The idea of a modular based wearable system, or as we called it a Configurable Wearable
Platform (CWP) was one of the main ideas that emerged from the workshop. This
platform could be designed to be of particular benefit to factory operators in the field,
to support tasks like safety inspections and maintenance. Our thoughts were that
industrial environments have some element of risk. The employee could be entering
an area that has CO2 particles or certain gases that can be harmful when exposed
in high doses, or a perhaps there is a risk or falling, tripping on uneven surfaces (like
an oil platform). The CWP allows for a modular set of sensor patches to be attached
or removed from a garment like a jacket or vest and allows the wearer to measure or
get feedback from their environment. The wearer would configure the jacket based
on the type of task they were going to perform. This modular approach allows for a
smart jacket to exhibit a number of functions that serve to keep the wearer safe from
an extreme working environment.

Takeaways
We demonstrated an initial exploration in an instance where one may utilize a wearable technology within a factory environment. Utilizing methodologies of conducting
an internal hackathon within a company environment and an organized workshop
with non-stakeholders, we were able to get interesting ideas that could potentially
be explored further in incorporating wearables within the industrial environment.
The steam-engine prototype allowed us to quickly enter the design space and simultaneously, engage in discourse with stakeholders that could see a miniaturized version of a factory machine; being controlled through a wearable device. Most notably
the artifact served as an anchor for discussion with people from varied backgrounds
and helped contextualize the possibilities for interventions in a factory. The project
was essentially a pre-study, conducted within a process industry funding application
framework, accompanied by interviews with factory experts. The research is currently
on-going, and we hope that there will be future explorations in relation to some of
the concepts conceived through the workshop; such as the configurable wearable platform.
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DURING
THE COURSE
OF THIS
RESEARCH,
I had the opportunity to engage students in various
capacities related to designing for sports and embodied engagement. The purpose of engaging in teaching activities, was in-part to trial my methodologies
with students exposing them to my process in order to
observe what outcomes manifest from these approaches.
Additionally, I was also interested to see how others
approach making and simultaneously gather inspiration that I can fold back into my own making process.
The two teaching activities I will describe below, both
took place at the Umeå Institute of Design for which I
am also enrolled within the PhD programme. Firstly,
I will discuss my involvement as a tutor capacity for
a snowboarding project with BA of Industrial design
students, before moving onto a much larger project
module with 2nd year Masters of Interaction Design
program. The latter module being created from the
ground up with the assistance of Ambra Trotto from
the Interactive Institute. The resulting experience
allowed me to formulate and define what it is that I
mean when talking about enhanced experience in relation to sports. This was a very important step in the
process of endeavoring to articulate around the topic in
relation to my experiential prototypes.
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Tutoring Snowboarding Project Course
People Involved
Course Led by: Marije De Haas and Richard Holland
Tutor: Rouien Zarin
Students: Eight 3rd year Bachelor Students of Industrial Design

Skills Involved

Tutoring

Description
In early winter of 2013, I was asked to tutor a course given at UID for the Bachelor’s
of Industrial Design students. The course was led by Marije De Haas and Richard
Holland and framed around a Nike Snowboarding project. Essentially a branding
exercise, the students had to create a cohesive design manual that explores the relationships between Nike’s brand and a new product design of their invention.
The students were challenged to create a new product that could easily fit into Nike’s
snowboarding identity and were encouraged to explore new materials and highly conceptual designs without worrying too much about feasibility or if the proposed technologies were possible. The final output, resulted in each student creating a poster
displaying a hi-res, photo realistic prototype accompanied by a detailed explanation
of the intended functionality of the product for critique and discussion.
My involvement in the course was two-fold. I wanted to push the students to think
outside of their comfort zones and imagine how smart materials and embedded sensors might play a role in enhancing the sporting experience. I exposed the students to
some thoughts and endeavored to inspire them through presentation, exposing them
to a wide array of technologies and approaches that perhaps some of them had not
been exposed to. Throughout the tutoring sessions, my intention was to get the students to stop thinking about snowboarding as it is but try to consider what it could be.
Giving clues about examining current snowboarding practices like urban snowboarding and creating solutions that target and support these activities. Identifying what
people actually do and strengthening the product brand by reinforcing these activities by design. There were a number of interesting projects to come out of this short
course, but I selected a few for further discussion that I think for me, really stands out.
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Fig. 6-27a: Final poster with realistic
rendering of the Blaster gloves.
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Fig. 6-27b: Sketches of the Blaster Gloves by Anton Löf.

The Nike blaster gloves by Anton Löf is one such exploration which incorporates the
use of smart materials (Fig. 6-22). It is a snowboarding glove commonly referred to
as a lobster mitts which follows a form factor already used by many snowboarders;
myself included. The difference here is that Löf ’s envisioned product has embedded
leds on the back of the mittens which enables a brilliant luminescent effect, in a full
RGB spectrum— triggered by the snowboarder performing a jump (Fig. 6-23). This
wearable, is controlled via a smartphone app and is intended to give stunning visuals
in low-lighting conditions— which is especially useful when filming tricks with a
slow shutter camera and is targeted at the increasing urban snowboarding community. Löf ’s vision relates to enhancing the visual output of the rider and highlights or
underlines the performed trick—adding another dimension to the visual aesthetic of
the sport. What I like about this project is that Anton really identifies and singles out
the documentational aspect of the sport and focuses on a product that will elevate and
enhance that experience, with this particular community. While just a concept, the
functionality of the Blaster gloves is easy to understand and imagine and if it was to
ever undergo prototype development, I think that more functions and a deeper understanding of its use could be revealed through the unique application of this material.
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Fig. 6-28a: Final poster of the Nike Spade
concept by Markus Leijon.
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The Nike Spade is a concept by Markus Leijon whom designed a smart shovel that
assists in the creation of kickers (jumps) for snowboarders (Fig. 6-24). The idea being,
when Spade is tethered to a smartphone, the sensors on the shovel can give information about the volume of snow shoveled and assist the snowboarder in creating the
perfect gradient for the type of jump they are attempting to perform.

The Nike Snowboarding shovel has a angle meter to get the
right inclination on the kick and landing for better jumps.
By splitting the shovel into two pieces you can measure the
inclination and get a value on the small display in the shaft.
The string inside the shaft is there to visualise how much
snow is needed for the right angle. The display has also the
possibility to show how much snow you have shovelled. The
pattern on the shovel will camouflage the tear and wear that
unavoidably occurs close to the edge of the shovel's blade.
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https://vimeo.com/122320710
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Course in Designing for Wearables
People Involved
Course Led by: Rouien Zarin
Course Responsible: Stoffel Kuenen
Tutors: Ambra Trotto, Jeroen Peeters, Oscar Tomico, Caitlin Robinson (RGA)
Students: 2nd year Masters Students of Interaction Design

Skills Involved

Organizing

Planning

Teaching

Course Duration
8 weeks

Senses Heightened
Body Awareness, Motor Skills, Co-ordination

6.9 Teachings Activities |  233

The aim of the wearables course project was to gain insight in the process of designing
a wearable system that is specific to sports. Emphasis in the project was given to experience prototyping and the students’ ability to pay close attention to bodily dynamics,
contexts of use and wearable ecology as elements for exploring user experiences.
The course was one of the larger modules which precedes the final degree work for the
2nd year Masters students in Interaction Design at UID. The following is an excerpt
from the project brief:
In this project, the concept of Wearable Computers (also known as Wearables)
is very prominent. Wearables are miniature electronic devices that are worn by
the bearer under, with or on top of clothing. This type of wearable technology
has been developed for general or special purpose information technologies
and media development. Wearable computers are especially useful for applications that require more complex computational support than just hardware
coded logics. One of the main features of a wearable computer is consistency.
There is a constant interaction between the computer and user, i.e. there is no
need to turn the device on or off. Another feature is the ability to multi-task.
It is not necessary to stop what you are doing to use the device; it is augmented
into all other actions. These devices, can be incorporated by the user to act like
a prosthetic. It can therefore be an extension of the user’s mind and/or body.
Many issues are common to wearables as with mobile computing, ambient
intelligence and ubiquitous computing12, including power management and
heat dissipation, software architectures, wireless and personal area networks.

The Assignment
The students were tasked with the challenge of designing a wearable system that
enhances an athlete’s experience. This could be addressed by either:
• Quantifying and using that data to improve their performance (instilling
feedback mechanisms)

• Increasing safety and awareness of potential dangers

• Enhancing their experience while performing the activity

• Enhancing the audience’s experience while performing the activity

12

Ubiquitous Computing, coined by Mark Weiser at Xerox PARC in 1991, is a post-desktop model

of human-computer interaction in which information processing has been thoroughly integrated into

everyday objects and activities. In the course of ordinary activities, someone “using” ubiquitous comput-

ing engages many computational devices and systems simultaneously, and may not necessarily even be
aware that they are doing so. This model is usually considered an advancement away from the desktop
paradigm.
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Essentially the beginning of the course was structured in a way to encourage the students to leave the institutional environment and allow them to immerse themselves
in a myriad of sporting activities. The idea being that the students would then be
inspired by the activity and gain insight into designing for movement by embracing
the opportunities to move themselves. In engaging with an activity in this way, this
also serves to engage with a community in order strengthen understanding of elements such as culture, values, rituals, beliefs and language as it pertains to the sport
examined.
The intention behind the first course module was simple. We tried a variety of activities from bouldering and rope climbing to curling and even archery. This helped
situate the students in the center of the design space and they were tasked with trying
to identify and extract salient elements within the activities as possible opportunities
for design.
We then took these experiential elements and discussed these qualities, endeavoring
to dig deeper in trying to design a tool that would translate some of these identified
experiences into tools that others could experience. For example figure 6-30a resembled elements that was extracted from the sport of Curling and figure 6-30b took
cues from the balance elements that one might present find in ball sports. Using this
method, the students were prompted to critically dissect their sporting activities and
articulate aspects of the sport that are essential to its quality or put differently—a core
attribute.

Upper left, Fig. 6-30a: A student’s example for
re-enacting an experiential quality from curling.
Upper right, Fig. 6-30b: An example of a lo-fidelity
mockup of an experience dwerived from a sport.
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Fig. 6-31: A collection of students results from smart textiles workshop in Borås
https://vimeo.com/album/4401545

Additionally, the students were taken to the Swedish School of Textiles at the University of Borås in Sweden to collaborate on a one week module with fashion and
textile students. This workshop was led by Oscar Tomico of the Designing Quality
in Interaction Research Group, Eindhoven University of Technology and tutored by
Jeroen Peeters from the Interactive Institute. During this brief period, the students
were put into multidisciplinary groups and challenged to create a smart textile that
was inspired from environments around the school (Fig. 6-31). The purpose of this
intense workshop was to expose the students to new tools, perspectives, techniques
and knowledge that they could foster and bring back to Umeå with in order to incorporate these experiences towards their final deliverables.

Unique modes of interactions
When creating her final prototype for delivery of the course, one student explored
activation of the wearable object by creating a switch mechanism out of a zipper
(Fig. 6-31). The elegance in this approach stems from the exploitation of the functional
properties of an ordinary zipper and integrating the zipper with hardware—resulting
in a form of soft electronics. By casting a zipper in the role of a switch, the student
went beyond simply binding hardware with a soft textile fabric but rather identified
and exploited the functional value in the gesture of ‘zipping’ and extended its’ intrinsic use towards the activation of the wearable fabric—thus signalling the initialisation
of the activity to the wearable system. The zipper switch intuitively broadcasts the
state of the wearable device to it’s wearer which is ON if the zipper is closed or OFF

236  | 6.9 Teachings Activities

VÄSTERBOTTENS-KURIREN

13

LÖRDAG 13 DECEMBER 2014

UMEÅ

SMARTA PRYLAR. Inom kort kan det vara möjligt att få hjälp att lära sig spela
tennis eller bergsklättra med hjälp av ”smarta” kläder eller annan sportutrustning.

Det smarta plagget som
lär dig bergsklättra
UMEÅ: Åtta studenter vid designhögskolan i Umeå har under tio veckor jobbat med interaktiv design.
Henrietta Stukowy är från
Tyskland och pluggar i Umeå
på Designhögskolan. Tillsammans med sju andra studenter
har hon jobbat i tio veckor med
ett projekt för att ta fram olika
produkter.
– Jag har designat en tröja
med olika slags sensorer i ryggen som känner hur kroppen
lutar. För att klättra effektivt
och utnyttja krafterna är det
viktigt att kroppen hålls i rätt
position. Sensorerna känner av
hur du lutar dig och ger antingen vibrerande signaler eller alstrar värme så att du vet att du
klättrar på rätt sätt, förklarar
Henrietta Stukowy.
Tröjan kan användas som tekniskt stöd vid klättring eller så
kan informationen laddas ner i
en dator för att närmare granska hur klättringen utfördes.

Designhögskolan har under projektet samarbetat med Borås textilhögskola som ligger i
framkant i Norden när det gäller forskning och innovation
om ”smarta” tyger. Bland annat hur tyger kan användas för
att styra upp hur benceller växer i kroppen.
Studenter i Umeå har utvecklat produkter som används
inom sport. Bland annat curlingklot, badmintonracket och
skejtboardbräda.
– Min idé bygger mer på att
förhöja glädjen med sporten än
att förbättra tekniken. Jag har
satt sensorer på skejtboardens
som alstrar olika slags ljud när
den används. På så sätt hoppas
jag att åkandet skapar en slags
musikalisk upplevelse. Fler kan
via trådlös kommunikation som

■ Interaktionsdesign
Interaktionsdesign som område är relativt
nytt. I dagens
samhälle med
mobiltelefoner
och alltmer avancerad informations- och interaktionsteknik
uppstår ett stort
behov av god
användbarhet.
Till skillnad
från traditionell
grafisk design
handlar interaktionsdesign
om utformning
av ett systems
beteende och
flöden. Till exempel hur de
olika stegen i din
mobiltelefons
menyer ska utformas för att du
snabbt och enkelt kan skicka
ett meddelande.

Henrietta Stukowy testar tröjan som kan lära ut hur du effektivast nyttjar styrkan för bergsklättring.
bluetooth kopplas upp samtidigt för att bilda en orkester
med ljud, säger Xia Dongzhi.
Teknikutvecklingen de senaste åren har bidragit till att potentialen för utveckling av interaktiva prylar är näst intill
oändlig. Träningskläder kan
hålla koll på hur kroppen reage-

rar när det gäller hjärtfrekvens
och temperatur. Nya tyger kan
både leda ström och skapa bilder. Forskning pågår också med
tyger som kan rena vatten med
enbart ljus som energikälla.
– Eleverna har varit en vecka
på Borås textilhögskola för att
lära sig mer om hur tyger kan

FOTO: TORBJÖRN JAKOBSSON

användas i interaktiv design.
Att studenterna nu jobbat med
sport beror på att jag håller på
att forska om till exempel vad
som händer med kroppen när
man till exempel cyklar, säger
Ru Zaryn, lärare vid Designhögskolan i Umeå.
ALLAN FJÄLLSTRÖM

Hoppas på nya läkemedel
UMEÅ. Arvsmassan ska analyseras hos omkring 500 ALS-patienter i Sverige. Forskarna i Umeå
hoppas att det ska leda till nya
och betydligt mer effektiva läkemedel mot sjukdomen.

lysera hela arvsmassan från
15 000 ALS-patienter.
Peter Andersen, professor
i neurologi vid Umeå universitet, berättar att man hoppas
kunna delta med 500 svenska
ALS-patienter.
– Vi vet att det finns ärftliga
anlag som påverkar hur sjukdomen utvecklas – och som till och
med i bland bromsar att sjukdomen utvecklas. Identifieringen
av dessa anlag tror vi kan ha
mycket stor betydelse för att utveckla nya och mycket mer effektiva läkemedel, säger han.

Nederländerna som anser att
forskningen om sjukdomen går
för långsamt.
– Det råder ingen tvekan om
att det finns några mycket starka biologiska ämnen som motverkar ALS. För oss gäller det
att hitta dessa och att isolera
dem och utveckla dem till läkemedel, säger Peter Andersen.
Det är exempelvis okänt i dag
varför en del ALS-patienter dör
efter några månader, medan
andra lever vidare i tio år eller
mer. Det finns också de som bär
på anlag för ALS som är kärnfriska livet ut.

Fig. 6-31: Climbing Wearable Shirt - by Henriette Stykow 2014.
Fig.De 6-32:
som hälldeFeatured
en hink iskallt article in local paper VK during final showroom exhibition, Dec 2014.
vatten över huvudet under ”Ice
bucket challenge” i augusti blev
inte blöta förgäves.
Kampanjen drog in 3 miljoner
kronor till Hjärnfonden.
På fredagen överlämnades
pengarna till ALS-forskargruppen vid Umeå universitet.
Pengarna gör det möjligt att
vara med i ett stort internationellt forskningsprojekt med
målet att sekvensera och ana-

Initiativet till det internationella
forskningsprojektet MinE kommer från några ALS-patienter i

ANDERS WYNNE
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Professor Peter Andersen, med en hink tillverkad av is, tar emot 3 miljoner kronor av Gunilla Steinwall, generalsekreterare för Hjärnfonden.

FOTO: ANDERS WYNNE

when open. This is a prime example of factoring the contextual use of the garment
within the bounds of the activity. A natural marriage between hardware and context
of use. There are of course other ways that you can achieve device activation such as
using an ordinary toggle button and LEDs as notification to indicate the hardware is
on, but the aesthetic qualities of the zipper switch renders these other methods obsolete—made possible through the careful consideration of material properties, user
actions and the contexts with which the system would be utilized.

Preliminary Takeaways
During the first week of the wearables course, the students and I left the confines of
the school and sought to immerse ourselves in various sporting activities. The purpose
being that the students would be exposed to a variety of sports for the benefit of being
inspired to explore, design and consider possible interventions for any given activity.

Sensory Deprivation as Method
As a group, we jointly tried two different styles of rock-climbing and I collaborated
with a local climbing instructor (Landry Larrive) involved at the indoor climbing
wall housed at a local sports complex. This outing, was organised to give some basic
instruction to rock climbing and generally introduce the sport over the course of a
half day. My intention was to invite the students to try and experience the various
sensory aspects of climbing. The instructor and I initiated a technique which involved
blindfolding the students and then instructing them to climb up the climbing wall
(Fig. 6-33). In this manner the students were deprived of the important sense of sight
and were compelled to focus on the tactile aspects of the sport.
In another exercise, we challenged the students to climb without climbing shoes
so they could get first hand experience about what role the friction of the climbing
shoe rubber and tightness of the shoe fitting, adds to their ascent and consider more
generally, the role of equipment in relation to sporting activity. Using this sensory
deprivation method, the students were encouraged to consciously think about how
to pinpoint and zoom in on aspects of key experiences they would like to further
investigate.
The wearables course module was a way to elicit the students to work with a particular mix of design methods to exemplify some of my developing thoughts on how to
approach the design space of designing for heightened awareness related to experience
of an activity. The course had a strong emphasis on immersion within the community
of study, through active engagement of sporting activities, interfacing with experienced community members to validate possible identified opportunities for design
and finally a hands on prototypical approach resulting in the making of artifacts of
various fidelities that translate the desired experience (Fig. 3-34).
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Fig. 6-33: Student in the course climbing blindfolded.
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Fig. 6-34: A collection of students final results of the Designing for Wearables Course at UID
https://vimeo.com/album/4401579

One of the main side outcomes in undertaking in the exercise of teaching and trying
to convey my research to these masters students, was that the process helped aid in the
formulation of defining enhancement in relation to sports and subsequently allowed
me to sharpen focus on which aspects of the sporting experience I was personally
interested in enhancing. Additionally, seeing the various experiential outcomes from
the students that touch on particular points of enhancement while conducting the
course, also gave me a chance to trial a process that felt extremely personal to me yetI was able to abstract it to other designers. Ultimately, the outcome yielded numerous
experiential artifacts that exhibited alternative methods for technological approaches
in sport and gave me the opportunity observe how others broach the act of making.
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3RD GE A R

L E A RNINGS

"We cannot predict the future,
but we can invent it."
– ARTHUR KAY -

CHAPTER 7
CONTRIBUTIONS
In the previous section, accounts of the numerous
research projects were presented, that were constructed
over the course of this thesis—eight of them in total—
in addition to teaching activities and a pre-study project. conducted within an organisation.
This chapter will serve to consolidate elements from
the preliminary takeaways, while embarking on this
area of investigation; working within the particular
context of sports and the insights gathered from the
topic. The process of engaging this field and utilizing
these particular methods have resulted in four core
contributions.
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The contributions are as follows:
• A series of demonstrators or string of examples exploring the notion of
heightened awareness; one of which resulting in a patent (Chapter 7.1)

• A model for a makers prototyping process to be used by designers and design
researchers interested in a hands on, explorative construction centered
approach and reflectionary prototyping practices (Chapter 7.2)
• A stage based framework for activity related performance that serves to
increase awareness of the temporal aspects when designing for activities
(Chapter 7.3)

• A documented way of working with users and designing in a domain where
one approaches with a great deal of knowledge about the activities the users
are engaged in leading to an inside-in perspective regarding the activities
being studied (Chapter 7.4)
The first being related to the topic, namely what was learned while working within
the area of sports and technology. The second and third relating more on the methodological level; identifying what actually happens during my making process in undertaking the creation of experiential artifacts and lastly, approaching design research
while making use of personal experience. This chapter will discuss these contributions
in relation to the main research question.

Revisiting the Problem Space
As mentioned in the opening chapter, this thesis seeks to explore what it means to
utilize technology in order to enhance experiences as we move and conduct dynamic
activities in the physical world.
Through the use of the design methods described in Chapter 3, making techniques
are incorporated for conveying information that is embedded within the natural
stream of information by superimposing, merging or layering this digital information
with the action potentials or signals that our brains are already receiving through the
body’s biological senses. During the course of these investigations, this research has
led to certain insights, intended to inspire designers and design researchers that are
interested in exploring the convergence between HCI-Sports and User Experience
domains.
After exploring heightened awareness through a series of prototypes—built to address
various ways of manipulating information while moving through the world, some
reflections that have emerged from the research process will be presented below. This
is with an emphasis on approaching HCI-Sports and experience and the knowledge
gained from conducting this research through the design of physical artifacts as they
are integral components of this thesis and its subsequent research process.
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At this juncture, it is necessary to revisit the primary research question stated in the
outset of this thesis and attempt to address this inquiry through the next few sections.
The main research question is:
1. How can the promises of technology be leveraged to heighten the awareness of an
activity towards its experience, without redefining the activity but maintaining its
core attributes?
Followed by two sub questions:
a) How can this be achieved through maker practices and in what ways can we
increase awareness of our prototyping activities in order to get the most out
of our making endeavors?
b) How can design researchers work with users in a domain where they already
have a great deal of knowledge about?
This chapter will address these questions to bring a measure of closure to this thesis. First and foremost, the discussion will begin by concentrating on the prototypes
constructed through this work. This includes the roles the prototypes were intended
to serve towards knowledge generation and more generally, to what extent a prototype constitutes as being experiential within the designers praxis. Secondly, the two
sub-inquiries will be addressed through detailing more of the method of working
with a maker focus practice and how my personal journey resulted in the articulation
of a framework describing this very process. Furthermore a reflection of the subjective
experiences that influence a research topic will be discussed, in addition to a deeper
reflection about working with the topic of performance scenarios inherent to sporting
experiences.

7.1 The Prototypes
While working with the main research question, it became crucial to treat technology
as a material. One that requires consideration, re-configuration and experimentation.
As illustrated by the projects in Chapter 6, this was achieved with various degrees of
fidelity to tease out experiences in relation to a sporting activity. In this composition,
the technology was not cast in the light of central importance, but rather the material means to translate and bridge digital and physical spaces. These prototypes were
instantiations of how technology in this context, may be expressed and positioned
within a sporting activity in a seamless manner; one that does not detract for the
core attributes of the performance. In order to answer the main research question, I
find it useful to break it down into two distinct parts. Can technology be leveraged
to heighten the awareness of an activity? As shown through numerous examples in
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the related research chapter, technological advancements are many, and modern technology has been known to be influential in various domains, industries and research
endeavors. However, the main crux of the issue lies in the question of implementation. Which leads to the second half of the question ...without redefining the activity
but maintaining its core attributes?
While technical readiness may exist, the key (when dealing with people) is how the
technology is perceived. This requires a combination of contextual understanding
about the activity where the technical system is deployed, in addition to an understanding about human perceptual experience. Through deeper contextual understanding, this approach identifies and acknowledges the necessary interaction dependencies that are currently occurring during performance and does not strive to replace
them, but rather seeks to complement these actions with technical systems.
Based on my own reflectionary process, it seems clear to me that technology can
indeed be positioned to affect heightened awareness for the athlete, however with the
stipulation that these experiences be crafted with a deep appreciation for the activity
and respect for the aesthetic qualities of the sport. The athlete’s should not have to
significantly adapt themselves to the technical implementation, but rather the technology should be adapted to the athletes with respect to their performative responsibilities.
As illustrated in the activities chapter, I endeavored to create a great deal of prototyp
ical explorations during the course of this work. Each exploration served as a building
block to explore the notion of heightened awareness. The creation of which, maker
techniques were employed as a method to learn about the particularity of technical
materials, their attributes, their uses and explore various design configurations. These
objects were not intended to be products or finished pieces but are better thought
of as experiential, physical manifestations of my thought process. They enabled the
interaction with materials—both digital and physical—to create configurations that
served a multi-faceted purpose of deepening understanding, opening and exploring a design space and finally—stimulating the designerly decision making process.
Furthermore, through the creation of these objects, I was able to explore the notion
of enhancement and heightened awareness in various sports contexts. As each prototype was an instantiation of a series of thoughts; their manifestation was provisional.
Meaning that their instances were not fixed and they could be altered or their core
functions and underlying ideas could be absorbed and reincarnated into another idea.
In this sense, I consider some of the prototypes such as Griptile and Morpheel as exhibiting elements of strong concepts in that these elements are “generative and cut across
particular use situations and application domains” (Höök & Löwgren, 2012, pg. 11)
and display strong potential to be used in designing new instances—residing in what
Höök and Löwgren call intermediate knowledge space; hovering between instances and
theory (Fig. 7-1).
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I use these prototypes and several others to align with this concept because they seem
to resonate with Höök and Löwgren’s intended meaning. For example, the abstraction
of certain concepts from Griptile and Morpheel—such as a shape shifting approach
to addressing areas where situation awareness is perhaps a priority element—can
potentially be used in other applications where non-visual feedback could be beneficial. Or put in Höök and Löwgren’s terms “elements of that particular artifact, or
instance, can be isolated and abstracted to the level that they are applicable in a whole
class of applications” (Höök & Löwgren, 2012, pg. 5). Similarly, core ideas from the
Heel Hook and Third Eye Climb projects can be abstracted and utilized for any movement activity where body mechanics is of central importance. For instance, providing
a new augmented point-of-view perspective of the body using the Third Eye Climb
prototype can also be applied to weight lifting activities such as conducting bench
press or similar exercises where it's not possible to consult a mirror to ensure proper
form. To that effect, if we follow the aforementioned author’s proposal of strong concepts as residing in the intermediate-level knowledge space, then I would argue that
the knowledge produced through the various prototyping activities in this thesis (as
discussed above) generated and led to new design instances; resulting in a string of
design examples (Gaver, 2012) and abstractable concepts that feed into this intermediate-level knowledge space. While strong concepts may hold some similarities with
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design patterns (Alexander et al., 1977; Vlissides et al., 1995; Chung et al., 2004) in
terms of combining research with making, the later appears to be mostly focused
on “design as a practice and not as a research discipline that makes contributions
of knowledge” (Zimmerman, Forlizzi & Evenson, 2007) whereas the former can be
characterized as expressly seeking to contribute epistemologically.
In regards to the prototypes themselves, as previously stated— the creation of these
experiential artifacts was not a frictionless endeavor, as there were many moments
where I would unwittingly deviate from my original intention or vision and as I will
expand on below, have attempted to articulate why and how these deviations occur
during my prototyping process. However, conducting numerous somewhat shallow
artifacts, rather than going very deep into one or two design explorations, created a
space for agility and iterative action that was deemed an instrumental factor in exploring this topic. Upon reflecting on this process, I starting asking myself what exactly
are these prototypes designed to do? What roles do they fulfill? Before addressing
these questions, I will first proceed with a discussion about the notion of heightening
awareness through technology as it relates to the primary research question of this
thesis.

Heightening Awareness
Through multiple site visits, and deep engagement within sporting communities my
investigations left me inclined to think that technology can hold definite promise
in significantly impacting sporting experiences. This can be achieved using various
techniques and methods such as novel interfaces that appeal to tactile senses as illustrated with the Griptile and Morpheel projects, attempting to mix augmented elements within field of vision (HUD project) or more subtle haptic approaches such as
the Heel Hook project.
Entering into this design space, opens the possibility of exploring activity enhancement by informing intuition, increasing safety, extending senses or documenting
experiences to be reflected upon further at another time. As stated previously, in order
to achieve this, deeper knowledge of the activity is advocated—which can be obtained
through active engagement with community, open dialogue with its members and an
experiential artifact that can stimulate discourse, trialed and then iterated upon to
promote exploration.
Furthermore, through the formulation of the Stages of Performativity framework—
which I will explain in greater detail below—I was able to pinpoint what temporal
stage I was interested in exploring with my designs to serve as an anchor point for
directing artifact creation. As previously mentioned, I feel that technology can indeed
play a role in enhancing an activity, or more specifically heighten the awareness of the
athlete while maintaining its core attributes (detailed in 2.2). To that effect, I will take
a closer look at a side research inquiry that stems from the main research question.
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This question serves as a sub inquiry that relates to making as a method for exploring a
design space, which ultimately led to the formulation of a question as re-stated below.
How can this be achieved through maker practices and in what ways can we
increase awareness of our prototyping activities in order to get the most out of
making endeavors?
Again, I find it helpful to approach this question in two parts. To address the first
half, making as a design activity will be discussed, and a model of the prototyping
process derived from this body of work will be offered. The second half of the question
will be addressed further below, with the formation of the stages of performativity
framework that serves to increase the designers awareness of the temporal aspects,
when designing for planned activities and its numerous successive stages.

7.2 Making as Design Activity
From the various project explorations I conducted and detailed in Chapter 6, I believe
that making is a crucial element in the activity of design. The act of contemporary
making can take many shapes and forms, elicit numerous skillsets and arguably
requires curiosity, experimentation and perseverance to produce an output that is a
reasonable facsimile to the designer’s vision. As previously discussed, this vision is not
a static image but rather can shift during the making process—as the designer manipulates the material and while doing so, gains knowledge of its inherent characteristics;
determining it’s fit-for-purpose uses. This reflective making process is iterated until a
point where the artifact achieves a certain experiential fidelity that satisfy the need at
hand, what Stolterman & Nelson call the Ultimate Particular (2003). Making differs
from the act of sketching and ideation in that it deals with the manipulation of real
objects that are configured to perform real functions and appeal to our senses more
viscerally. For instance, a 2D sketch—while important to the design process—can not
be held, manipulated, weighed or utilised in the same way a design artifact can. Of
course it’s possible to prototype with paper—to a point. However the qualities that can
be sketched with assemblages of sensors, actuators and the possibilities these components afford towards programmed behaviours—cannot be matched by paper. Paper
is a material that requires a measure of imagination for how it could fit within the
scope of design. In this sense, making—that results in artifact creation— bridges the
cognitive gap between use, form and ultimately experience. What I have attempted to
highlight during my own process of making, is a mapping of what continually appears
to happen. With several projects, there emerged a particular pattern that I observed
during the moment of skill acquisition, whereupon I entered into a series of nested
operations which detracted from the main vision. The corresponding mapping of my
making process allowed me to be more cognizant about the various stages of making
and evaluate whether it was time effective to continue on particular path chosen to
fulfill the vision—or approach artifact creation using other means or methods.
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A proposed model of the Makers Prototyping Process
Stolterman and Löwgren refer to the operative image (2004) as occupying a crucial
part of the design process, whereby the designer bridges their vision in an effort to
work towards a concrete artifact (Fig. 7-2).
When exactly the designer decides that the artifact is ready, can be an elusive and
difficult to determine task. This discernment is usually guided the specifications of a
project and validated accordingly. However, in the case of an explorative venture—
the cycle can be potentially an endlessly iterative one. In such cases, the designer
must make a conscious decision to terminate the prototyping process in order to shift
towards other activities—such as examining the experiential properties the artifact
exhibits.
The prototyping loop that I had engaged in during my own activities, were iterative in
nature in they appeared to oscillate between a reflecting and making process. Yet the
act of breaking the loop was triggered by several conditions—such as the fidelity of
the prototype reaching the vision in my mind and the corresponding artifact exhibiting an experiential quality worthy of further testing or the time that I had allotted
to the exploration was exhausted without satisfactory results such, that the exploration was either temporarily interrupted and shelved to be revisited at a future date or
abandoned altogether. This action of temporarily interrupting explorations, I would
refer to as a composting period, where the idea could be of interest to explore but the
process is disrupted due to such factors as lack of resources, tools, access to knowledge
etc. To provide a concrete composting example, this occurrence can be recounted
with the initial exploration of the Griptile project (outlined in Chapter 6) which was
first built to exhibit vibro tactile feedback as a method to convey information. When
it was determined that the approach did not satisfy the requirements of receiving
wayfinding information while cycling, explorations with Griptile ceased and other
projects were initiated, until Griptile was revisited with another approach; a shape
shifting one. In this case the Griptile project underwent the ‘composting’ period as
my knowledge of material, tools and knowledge of other projects improved to the
point that warranted revisitation.
After conducting these numerous activities, a pattern started to emerge in my process, which I have endeavoured to map to a framework that I refer to as a proposal of
a maker’s prototyping process (Fig. 7-3). During this explorative process, the specifications are guided not by a client—as stipulated by the designers process (Stolterman
& Löwgren, 2004)—but by the designer’s own intuition (in this case me) and heavily dependant on the experience garnered from the topical area that the prototype is
attempting to address. Additionally, the previous knowledge and skills—obtained
through prior explorations—are built upon and the design vision is subject to alterations along the way; impacted by the dialogue held with the material of engagement. The mode of inquiry is therefore an interplay of curiosity, skills, knowledge
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and exploration which all culminate to fuel the desire of entering into a practice of
material manipulation within the making process—to promote an instantiation of
an artifact. As such, reflection and action are crucial elements in simultaneously
serving as a means to informing and achieving the vision. However, while making the various projects outlined in the previous chapter, there were instances that
caused me to detour and start a tangential process, what I’ll refer to henceforth as
the seduction loop and I will endeavor to speculate on this occurrence further.

Seduction Loops and Nested Operations
During the process of prototyping, at times I was faced with the scenario that it was
necessary to acquire a skill in order to expedite a prototype. These events occurred for
example, when I needed to learn a new skill to implement it within the creation of an
artifact, ranging from how to use a machine that I have not used previously to figuring out how to program 3D objects. This was a scenario I would describe as entering
a nested operation or what I will refer to here as a seduction loop. The seduction loop
can be characterized as comprising of nested operations in the sense that one may
have to learn several skills, or go deeper and deeper within one skill in particular. The
seduction loop is ‘seductive’ because one engages in the act of new knowledge acquisition, stemming from the exploration of activities in an environment of previously
uncharted territory. While this can be a stimulating and enjoyable process, the downside is the danger of being stuck within the nested operation and run the risk of not
being able to continue on the path of designing the experiential prototype or losing a
great deal of time; rendering the artifact unfeasible to prototype.
In my venture of artifact creation, It was not possible to evade the seduction loop
completely—as it is an essential part of making; even a welcome part, yet being aware
of its existence made me cognizant of how deep I was willing to go within a nested
operation to judge whether it was a worthwhile activity, given the timeframe I had
allotted for myself in the construction of the artifact.
To illustrate this phenomenon further, I will discuss the climbing sleeve project from
Chapter 6 as an example. In incorporating an inertial measurement unit (IMU)
within the project, I had the necessary knowledge acquired through previous experience—to connect the unit and get a readout of its values. When I decided to map
those values from the physical space to the virtual, I entered a nested operation where
I needed to learn about connecting real world coordinates to 3D coordinates. I then
entered another layer when learning about signal smoothing and yet another layer
when learning about Kalman filters or smoothing algorithms etc. Nested Operations
are akin to embedded folders in an operating system; one can keep clicking a folder
to go deeper and deeper into subfolders. At one point I was so far removed from
realizing the artifact yet learning many new concepts, that I was blissfully unaware
that I was seduced by this nested operation. I had to take a step back and reassess my
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approach to the prototype. Suddenly, I was entering a world of complex trigonometry
and mathematics and getting pulled further away from my role as a designer. My
experience in interaction design taught me that what is really important is being able
to test the experiential qualities of the prototype, regardless of how it is managed.
When I realized this, I broke out of the nested operation and started with a new
vision related to the last but opted for a different approach.

The Nature of Prototypes
While employing a make-to-learn (M2L) approach in the creation of prototypes as
a method to think through concepts and create artifacts that can be reflected upon, I
stumbled on an interesting (albeit frustrating) phenomenon. Clearly there is an attractive side to prototyping, as the very act of making is mentally stimulating, engaging
and elicits numerous skills and competences—it is a sticky process. However, in the
event that competence or skill is lacking, then a maker will undergo a process of seeking knowledge—from the community or other sources—with the intention of (hopefully) acquiring the necessary skills needed to materialize the vision. This is often met
with varying degrees of success. The amount of time spent in acquiring knowledge
corresponds to the duration spent of realizing a prototype and its materialization.
If current knowledge (k) is less than required competence (c) then time increases
incrementally.

If (k<c) t++;
This process in which I spend acquiring the skills necessary to execute a prototype I
would refer to as the knowledge acquisition process. However, in certain circumstances
where a method chosen to create an experience requires more in depth skillset, resulting in the designer spending a great deal of time learning about that particular skill,
then this can lead to a seduction loop. I have seen various instances within my projects in which I was seduced by the prototyping process, a loop I could clearly associate with several initial interventions. As mentioned previously, The seduction loop
has the main characteristic of being difficult to break out of. It stipulates that while
engaged in the act of prototyping, one becomes enamoured and entrenched in the
process losing site of the intended outcome. This can be seen as a potential danger
when given time sensitive nature of a PhD but also a necessary evil in that one needs
to be immersed in the act of building to get a meaningful outcome of the conversation
with the material. Because of the dialogical nature of M2L prototyping, the dialogue
is not fixed but is continually changing, leading to new directions and possibly altering trajectory—leading to a design pivot.
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To put this into perspective, say that a person desires to incorporate a new sensor
within their prototype. They perhaps have a rough idea of how that sensor behaves but
in the process of use, it becomes apparent that the sensor can be used in any number
of different ways or it does not fulfill the task as originally intended. Perhaps there
are features in the prototype for example mechanical components that require further
consideration—such as cogs. In this scenario, an appropriate gear ratio needs to be
thought about and designed, which in turn dependant on how many teeth one will
use, not to mention the gear pitch and angle of the teeth etc.
Each of these fields of expertise whether it is electrical engineering, mechanical
or physics can be delved into deeper and deeper. To illustrate this further, take for
instance Kokcharov’s (2015) Hierarchy of skills which is an adaptation of Maslow's
Hierarchy of needs (Maslow, 1943).
One can observe from Kokcharov’s pyramid (Fig. 7-4) that at its most basic knowledge level, skill acquisition only gives one the ability to know or be aware of a skill
and take steps to acquire it but not necessarily be able to apply it (traits of a student).
In the case of this research, it’s not until I acquired basic knowledge and applied it in
a specific context (in this case a prototype) that it became possible to have motivated
uses of the skill and was able to put it into practise (play). Generally for basic prototyping skills, I might leave the skills hierarchy at that point as the prototype will have
hopefully materialized. If it has not, then this is the point where I would argue the
seduction loop is encountered. As I might have enough knowledge of a skill, however
I feel that I require more understanding to incorporate the skill into practise.
When I became cognizant of this seduction loop occurring, I discovered and incorporated Houde and Hills (1997, pgs. 367-381) prototyping triangle to try and steer the
course of my explorative exercises.
The resulting mapping allowed be to contextualize my designs and be more aware
on what axis I was trying to address (Fig. 7-5). As a result, I realized that my early
prototypes consisted of more of a technological push but that wasn’t really what I was
aiming for and started to shift (notably after the discovery of the seduction loop) into
more of a ‘role’ axis as I focus more on the context of use.
At this point, my research started to spawn a side inquiry, mainly:

What fidelity should my prototypes be in order to
perform a test of experiential output?
Or phrased another way:
What is the least amount of time I can spend
prototyping to achieve the maximum impact?
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This is exemplified by the Heel Hook prototype. In this case I spent a total of 2 days
prototyping the smartwatch app to get the desired functionality using an existing
hardware platform with an open SDK and was then able to test it with willing participants at the local climbing gym to get valuable qualitative feedback. Similarly,
the Griptile project was an exercise in rapid prototyping, utilising readily available
components and materials to create an experiential artifact within a week.
The problem is that, the more technique develops the higher the standards for perfection, this can be followed in Sennett’s mention of the Isaac stern’s rule (Sennett, 2008,
pg. 46). The fact is that there is an ever present tension between prototype fidelity,
technique and usefulness that warrants careful and close inspection in order to not
exhaust valuable allocated resource-such as time.
As mentioned, the second stated question is comprised of two parts and so far I
have discussed the first, namely whether making activities can be leveraged to explore
heightening awareness in sporting activity. Now I will highlight the second part of
the question ...in what ways can we increase awareness of our prototyping activities
in order to get the most out of our making endeavors? While conducting my design
research inquiries, I have formulated a framework that allows for a temporal, stage
based mapping of the performance of activity.

7.3 Stages of Performativity Framework
As part of my method for engaging with the topic, I have immersed myself within the
sports that I wanted to study in order to better understand the culture and values that
were inherent in these activities. As mentioned in Chapter 2, I had a background in
all the sports investigated and as such, brought my own experiences and perspective
to approaching this research. Through observation, participation, design and experiential testing, I have determined that there is a temporal aspect to the execution of a
performative activity, which I have attempted to articulate in the form of a framework
(Fig. 7-6) named the Stages of Performativity (SOP).
The SOP framework takes into account the three phases for an activity session in a
performance context and shares some similarities to Li et al’s Stage Based Model of
Personal Informatics System (2010). However, the SOP framework extends beyond Li
et al’s framework as theirs is largely geared toward the quantification of self; enabling
people to better understand their own personal behaviour. The SOP framework is
more concerned about the sequential relationships involved in the holistic act of the
performance, and considers measurement and reflection activities as a subset—incorporated and integrated within the framework but does not wholly define it. The SOP
is further expanded to highlight the in-between instances that serve as transitional
elements between activity stages, which is important when factoring in the larger
ecology of devices and the emerging trend of the pervasiveness of technology.

256  | 7.3 Stages of Performativity Framework

To give a practical example, imagine Anna the mountaineer has conducted her equipment check, taken the necessary steps to ensure optimal weather conditions and provided notification to local alpine authorities of intended itinerary—thus fulfilling the
pre-activity requirements. She then proceeds to embark on the trip where she needs
to make her way to the mountain or area she is interested in climbing, this is commonly known as the approach in mountaineering terminology. During the approach
any number of variables can happen such as, sudden weather change, accidental injury
and equipment issues to name a few. The approach in this case, is the transitional state
between pre-activity and activity. After the approach, Anna then positions herself
to start the alpine activity she has set out and trained to do, during which she may
document with photos, action camera video or utilize various technologies to save
her biometric information. When the route is complete, Anna has performed the
activity and starts to reflect on the experience, effectively shifting from activity to
post-activity. In this instance, reflections may range from ski conditions, quality and
stability of snow to her own subjective feelings about personal performance and how
she felt while performing. Memories of the transpired activity will persist depending
on how engaged Anna was to the activity, but over time—the details will fade. These
transitional states, serve as opportunities where design could play a role in creating an
enhanced experience of the activity, be it improving safety, streamlining documentation of the experience or heightening awareness of a particular aspect of the activity.
The SOP framework documents the temporal process in which an athlete will go
through to complete an activity session. Using these stages as an anchor I have
attempted to categorize my various research experiments in order to get a macro
understanding of the temporal relationships of where my interventions lie within
the outlined framework. This is particularly useful in that this mapping allows me
to consciously pinpoint exact positions of where along the performative timeline I
would like to address my explorations. Notably, several early projects focused mainly
on one particular temporal phase (post-activity/reflection) and through the course of
employing design methodologies such as the constructive design investigations used,
the interventions start to shift focus to another temporal phase (activity/performance).
The SOP framework emerged after my initial project with the Blackbox prototype.
When considering the role that the prototype was designed to fulfill, I started to realize that I was addressing a specific temporal point in the performance of the activity
(reflection) by giving the cyclist the ability to relive their performance metrics after
a cycling session. The line of thinking that I could provide a tool that would create
a deepened understanding about performance qualities, which would in turn affect
future behaviour seemed relevant. Yet there was a time gap identified between reflection and action during performance that I felt compelled to consider further. After
reflecting on the Blackbox and the corresponding temporal space, I felt that future
prototypical explorations could perhaps address the actual performance juncture of
the activity. This reasoning led to the explorations of the Heel Hook climbing watch
app, Griptile, Morpheel and Climbing HUD respectively. These series of prototypes
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sought to provide real-time information to athletes during the performance of their
activities and as such the athlete could make real-time decisions and affect their performance in situ. The challenge here, was to design the prototypes in such a way as
to not intervene with the experience of the activities themselves, but rather serve to
compliment the experience with useful information about performance criterias. In
order to achieve this, intimate knowledge of the sporting activities fundamentally
needs to be acquired, as each sport carries with it nuances that only its practitioners
understand. Co-designing with athletes to ensure that the desired experience is positively received during the context of the activity is-paramount to its adoption. However, due to the fact that sports activities engage with potentially extreme situations in
very particular contexts, this makes it difficult to create systems that address all these
situations equally well. For instance, the creation of a feedback mechanism may work
for road cyclists on flat, hard road surfaces but may not work for downhill mountain
biking.
On the whole, the SOP framework was a valuable way for me to pinpoint the temporal
instances that I desired my prototype’s to explore and my hope is that other designers
interested in designing for activity performance scenarios may benefit from it as well.
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7.4 Leveraging Personal Experiences
As mentioned in Chapter 2, I personally have a background in the sports that were
under investigation within this research and as such carry experiences, prejudices and
ideas related to the activities. Which brings me to the formulation of the second sub
inquiry:

How can design researchers work with users in a
domain where they already have a great deal of
knowledge about?
Rather than discounting these past experiences, I utilize and rely on them to frame
the explorations in much the same way as relying on my background as a professional
designer.
In this case, personal experience serves as a point of departure and through active
engagement within the various sporting communities in addition to interfacing with
other athletes, the resulting experiential designs are reflected upon.
Moreover, through the act of making and interacting with materials, my design,
approaches and overarching understanding of the topic is consequently reframed. In
other words, the more I build things, the more knowledge is gained which inspire and
spawn new directions and in turn cause me to variate new approaches. As stated in
Chapter 3, when considering a hermeneutic position, I have articulated my personal
experience in relation to the topic of study as an inside-in perspective, where previous
experiences are not discounted, but are rather assimilated into the framing of explorations.
I conduct the work this way, to account and prepare for unique situations that may
arise through use. Accessing the unique experiences of individual athletes, to serve as
inspiration to address particular instances, contexts and scenarios. This research does
not attempt to seek evidence that will prove or disprove the effectiveness of a prototype, but rather to explore if a particular approach could be of interest and warrants
further discussion and attention.
In this sense, the artifacts produced are not products but are better described as
‘designed things’, serving to probe whether an approach could be of further interest in
an imagined world. I will concede that this is a step towards—and not a substitute—
for the necessity of conducting further studies to determine whether the artifacts
will be engineered into viable products. These studies (while important) would be
too premature and would conflict with the probing activity of what this research is
attempting to reveal, namely novel methods and techniques for employing technology
to the effect of heightening awareness.

7.4 Leveraging Personal Experiences |  259

Additionally, after conducting numerous artifact based explorations, technology
seems to show promise in being positioned in such a way as to capture moments of
movement performance; as long as it is crafted into the narrative of the activity. To
give an example, imagine a director making a film the famous car race—the Indianapolis 500. He endeavors to use the technical equipment, the cameras, cranes etc.
to capture the ephemeral and otherwise fleeting moments stemming from the race
and all of the elements behind it, in order to provide an experience to the viewing
audience. Since film has much to do with narrative, and as discussed in Chapter 4
narrative is tied closely to experience, then one may consider an interactive system in
much the same way; the curation between capture and presentation.
It is only through active engagement of the activities themselves—combined with
conferring, interviewing and participating with athletes, that one can attempt to
understand their lifeworld and develop our empathic relations with the communities
engaged with; resulting in an enriched understanding of the narrative of the activity.

7.5 Reflections
Now that the takeaways and knowledge learned have been discussed pertaining to the
numerous projects outlined in the activities chapter, I’d like to provide a reflectionary
discourse around how one may validate this research in relation to more traditional
research fields, in addition to the tendency for design project explorations to drift
and shift in trajectory. Furthermore, I will discuss the types of knowledge that was
acquired in the execution of this work and how that impacted the overall outcomes.

Research through Design and Validation
In recent years Research through Design has sustained some criticism for what constitutes “good” design research (Forlizzi et al, 2011) and has struggled with convergence towards standards of practice related to verifiability and the actionable metrics
that one might expect from more established sciences such as physics, chemistry,
biology etc. Indeed science itself has had a disparate history in reaching consensus
for what constitutes good science and the examples range from Popper’s emphasis on
falsifiability (Popper, 1963) to Lakatos’ accounts of scientific research programmes
(Lakatos, 1978). However, as design research initiatives advance, an evolving discourse has emerged in the attempt to address the complexities of this issue, namely
how can one validate design research?
During the course of this thesis, I have had some difficulty articulating why there
was a lack of testing to validate the inquiries conducted. Which begs the question, is
the absence of verification bad science? While considering distinctions between the
knowledge offerings of scientific research and design, I have come to realize that the
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work presented above would take on a very different tone with very different outcomes, if conducted in a rigorous scientific way. As I was not searching for conclusive
evidence to support an existing hypothesis but rather the inquiries in this research
were centered around exploring a design space to see what approaches might be interesting, or even exhibited potential in relation to enhancing sporting experiences and
heightening athlete awareness. To that end, there is nothing in this thesis that is
conclusive or definitive. I cannot say for example, that the use of technology during
sporting performance will make a better athlete. What I can say is that if one were
to employ similar methods in exploring a topical area, they will create conditions for
further reflection, achieve a deepened understanding of the topic and manifest ideas
in the form of artifacts that exhibit experiential properties. Properties that could help
probe possible alternate realities towards enhancing athletic awareness.
As a professor and prominent researcher in design, William Gaver has attempted to
take a particular view on this issue (Gaver, 2012). If we follow Gaver’s explanation
that design is suggestive and not prescriptive, then we can consider the resulting
artifacts from exploratory endeavors of a design process as largely a way of opening
up this aforementioned design space. To elaborate further, the artifacts themselves—
which are a result of a designer’s understanding and framing of a topic—are generative in the sense that they offer a physical anchor of an idea or notion. One that can
be manipulated, discussed and as such assessed. The prototypical research conducted
and described in the activities chapter, fall distinctly under this category. These physical manifestations are instances that probe a specific design direction for an imagined
world. As Herbert Simon suggests “the designer, is concerned for how things ought to
be” (Simon, 1969, pg. 4). For me personally, the artifacts enable an experience which
in turn creates an anchorpoint for reflection which will then feedforward to another
idea. This can be referred to a design pivot —my coinage— in that it informs my decision making process. In this sense, the artifacts can be thought of as physical sketches.
In fact, upon closer examination of my projects, it is possible for one to detect the
genealogy of the work—by identifying overlapping or related ideas that carry from
one prototype to another. For me, this way of working is crucial in dealing with the
wicked problems (Rittel & Webber, 1973) that design attempts to address.
These days, designers are faced with the complexities of designing within systems,
services, organizations and technologies. Following that, design is not concerned
with ‘truths’ in the way that science is, as there are no universal truths when designing for particular contexts and situations but rather design is more concerned with the
ultimate particular as Stolterman suggests (Nelson & Stolterman, 2003). Moreover,
as the artifacts serve to promote discussion and stimulate discovery, they are not subjected to analytical procedures that one may employ when designing a product for
mass production and industrial endeavors. Rather the artifacts embody the designer’s best judgment, intuition and experience in addressing the particular issues in
question. This does that mean that the rigors of testing and verifiability are negated,
but rather if a design artifact should prove to be of interest and chosen for further
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development, then testability and other actionable metric endeavors can be taken in
account at that juncture. So it is with that in mind that I ask the reader to consider that a design process conducted in this way could perhaps be the precursor to
a hypothesis. A way of engaging a topic and working with its elements to promote a
deepened understanding about the inquiry. For without understanding, a hypothesis
could lack the relevance to fully address the innate complexities of a topic.

Embracing Drift
It is said that any PhD undertaking is likened to a great voyage (Childress, 2016).
An undertaking with a general heading but milestones and obstacles along the way
that shift its direction. Within this trajectory we often find that some of the answers
one seeks when disembarking on this voyage of ‘the ultimate particular’ is modified
in relation to the questions being asked which also are subsequently affected. This
oscillation results in a constant framing of the area of study. When I set out to undertake this work I was mainly interested in how to measure ability, quantify movement
and present it to an athlete in a meaningful way. I approached the area of study from
forwarding my own experiences to help frame the topic and how technology could
be positioned in this space. Initially starting with the Black box project allowed me
to create a both hardware and digital artifacts to use as a boundary object to explore
ideas with my user group. Through the blackbox project however, what I realized
along the way, was that it is very difficult to receive information while engaged in an
activity using the devices available today. As noted previously, Marshall & Tennent
(2013) claim that true mobile interaction does not exists, in that every device that we
use today demand focus on the device itself. Taking a smart phone and strapping it to
a person’s arm is akin to cramming a very square peg into a round hole as I found out
personally while conducting a trial run of a prototype in the field and in the process
ended up injuring myself. For the majority of sporting activities, screen-based interactions are quite simply problematic. Consider for example, how a person’s running
is affected when touch, swipe, drag and zoom interactions are required on the phone,
while performing the activity.
As my research explorations advanced and developed, this shift became more pronounced, I realised that this shift or drift was a by-product of my prototyping practices. To elaborate further, each prototype created led to a manifestation of an idea
which could then be experienced in some way. Through the experience of the prototype or artifact, I would then have a anchor point which would launch me in a new
direction. As said, these points could be considered as design pivots. An instantiation point or fork in the road where I could make a decision about either digging
deeper into the current prototype, creating a variation or taking knowledge learned
and applying it in a different configuration or incarnation.
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Embracing this drift is what puts the search in research, paying mind to a general
trajectory but being open to seeing where the work takes you. Of course there are
times when one feels as if you are at a dead end and cannot continue down a particular
course of action. Such was the case during the climbing sleeve project (Chapter 6),
where I was trying to create a sensor based trajectory mapping approach for climbers.
When I realized what I wanted to do was not possible (at least not in the way that I
wanted to do it) I pivoted to another approach, leaving the idea on the shelf (composting) to be possibly explored further at a future time.

Implications for Design Research
It has become vital to create a blend of methods towards this body of research which
creates generative explorations but also democratizes the design so that it incorporates the unique values of the key players in which the design is intending to address.
The approach employed through this body of work, relies on actively engaging and
participating in the sporting activities to deepen understanding about these activities,
uncover the cultural setting, reveal latent needs and open dialogue with people heavily engaged within these sports. It is important to state that this particular strategy is
far from prescriptive but rather a suggestion of a possible way to approaching this area
of study. These are the methods employed by me, during the course of this research
and it is my intention to share them to hopefully serve as inspiration to others intent
on exploring the domain.
The resulting approach is devised as follows:
Creation of a boundary object to promote discourse around the complexities of the problem space, and help identify areas of interest.

MAKE

Immersion within the community of study to better understand the
cultural aspects, language and sharpen perspective.
Creation of prototypes with experiential qualities that can be tested
within the field.
Qualitative studies, interviews and solicitation of feedback.

THINK

Aggregate qualitative information and hold workshops with key
actors within the community to stimulate and inspire new directions
for exploration.

REPEAT

Iterate to next prototype.
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Using this framework, I was able to engage with users in a meaningful manner, tease
out useful, tacit bits of information and apply them towards informing the designs of
prototypes which were oriented towards the embodiment of the research questions
posed in this thesis.

Skills Acquisition
From a pragmatic perspective of making, it has been important to acquire necessary
skills that are inherent to the realization of an experiential artifact. Through each
project activity, I have attempted to dissect these activities for the purpose of reflecting on what types of accumulated skills were involved in the various project creations.
As mentioned previously when referring to skills, I mean the minimal required
knowledge of a skill in order to utilize it in the operation in the act of prototyping an
artifact.
If I take a step back and conduct an overview assessment of all projects during the
course of this research, one can perhaps observe that I have engaged in a variety
of skills that were acquired for the purposes of this prototyping practice. Some 33
unique skillsets (give or take) were involved the activities which served to broaden
understanding about the topic and materials I was engaged with but also built upon,
strengthened and incorporated within other explorations (Fig. 7-7). Some of these
skills I had prior working knowledge about, some in depth knowledge and others
were completely knew to me. Under different circumstances, for example if I had
access to resources and a large budget to delegate or outsource artifact production, the
results would differ greatly as the material dialogue would be absent and as such the
perpetual framing of my understanding of a certain materials properties, characteristics and attributes would not advance-as I would not be actively making. In adopting
this approach, I would be conducting and steering others, to achieve my visions which
would mean that I must rely heavily on their experiences and expertise; ultimately
affecting the reflections on material practice.
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Fig. 7-7: A constellation of
skills employed throughout the
process of this thesis.
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CHAPTER 8
CONCLUSIONS
The work presented in this thesis has stemmed from
the interest in what role the convergence of technology could play in engaging with information while in
motion. I have attempted to illustrate how the advances
in miniaturization of technology and its corresponding
effect of moving away from desktop computing paradigms to wearable and mobile computing, still carries
with it metaphors that need to be challenged and conceptually rethought.
In order to investigate ways of approaching this problematic space, particular methods were employed—
involving a maker's approach—in an attempt to
translate understanding into operative criterias. This
resulted in various experiential artifacts that explore
the domain overlaps of HCI-Sports and UX. During
the course of the research, I have attempted to articulate—in the form of a model—how reflective prototyping practices emerge and reveal certain particularities
that seem to occur during this praxis. A model that can
at this point only be mapped to my own inquiries yet
hopefully influential to others in increasing awareness
of their prototyping endeavors.
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Additionally, the importance of immersion within sporting culture was discussed,
in order to better understand and empathize with its practitioners. The process of
engagement with the activities themselves, provide valuable insights to the values
and aesthetics inherent to the sport. I further discussed how interpersonal dialogue
is nurtured by making activities—what I called making out loud—which promotes
the decision making process through manifesting physical constructs of ideas and
notions.
In the next section, I will begin with a reflection about overlaps that have been identified within the area of designing technology for sporting experiences, that became
apparent while working within both Lab and Field environments during the course
of this research.

Lab-to-field Cross Pollination
We have seen situations that require designs to be conducted in a Lab, we have also
seen ones deployed in a field and a showroom (Koskinen et al, 2011). But what happens when it is required to take the lab out to the field and what are some of the
complexities involved in undertaking such a task?
As demonstrated with examples like Stienstra’s augmented speed skating experience (Stienstra et al., 2011) and the Heel Hook smartwatch app project (detailed in
Chapter 6), technology can play an vital role in bridging lab-field environments.
Portability, processing, sensing, power, storage and wireless capacities all coalesce
to create the perfect storm for being able to conduct meaningful testing of athletic
performance, providing insight into what actually happens during performance of an
activity in situ. Taking data that is normally invisible to us and making it available
for analysis.
If a channel is established, where information can be conveyed to the athlete without disrupting the performance, then therein lies an opportunity to affect behaviour
on-the-fly; reconciling the reflection-action divide. However, many hurdles exist that
one must be aware of such as a deeper knowledge and appreciate about the activity is
required if one is going to try and pinpoint areas to optimize, enhance or heighten.
Keeping in mind that sensors have specific properties and characteristics, designers
and designer researchers exploring HCI-Sport systems need to be willing to sketch
and construct unique configurations of design elements to get a clearer picture about
their behaviors and understand their use—in order to embed artifacts within their
projects. These configurations happen through iterative processes and by establishing
a dialogue with materials that are often comprised of technological elements. The
intention resides in utilizing these technologies to explore an activity—as means of
expressing what is actually happening during the act of performance. This process
however is not without it’s friction points. Above all, the human body and all its char-
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acteristics, including limitations-need to be carefully considered to understand the
potential of the body when designing for movement interactions. The projects conducted within this thesis lead me to believe that interactive systems need to be trialed
within real situations and the subsequent experiences of use need to be accounted for;
if the design of meaningful engagements with technology is to be expected.

Failure in order to succeed
It is rare if not impossible to get anything right the first time we try. Humans just
aren't that exact, but we are adaptable and often learn from our mistakes. It is with
this in mind that we can discuss the importance of failure. On the surface, failing
evokes a negative reaction that can perhaps be mapped to years of social conditioning. However, it has been suggested that failure can lead to insights as they are also a
form of result (Edmondson, 2011). Ruling out possibilities gets you closer to a workable solution. As discussed in the activities chapter, when working with the climbing
sleeve project it became apparent that what I was endeavouring to do was not possible,
but when I tried to go about it a different way, I was able to capture the essence of the
experience which was to promote body mechanics and awareness about the climbing
activity. Initially I was prone to classify the project as a failure, for the simple reason
that I could not achieve what I set out to do. But upon further reflection, I realized
that the means by which I elected to communicate my desires to a Computer Scientist, was in fact a useful tool for communicating an idea and promoting discussion
to another person. And so, if I look at the project from that perspective, I can see a
greater value in the outcome.
But certainly one doesn’t set out with the intention to fail? What possible positive
outcomes could be derived from that? As Sennett wrote we are “more likely to fail
as craftsmen, due to our inability to organize obsession than because of our lack of
ability” (Sennett, 2008, pg. 11). What Sennett refers to as ‘obsession’ has an interesting parallel with the notion of the seduction loop, where the craftsman’s desire for
perfection could perhaps be compared with the maker’s thirst for knowledge. When
the maker succumbs to the seduction loop—much like the craftsman and their obsessions—the process becomes disrupted, the vision is derailed similar to the obsessive
impulses of the craftsman deforming the work; resulting in failure. However this
failure is a double edged sword, it is somehow necessary to fail in order to learn as the
process of making is riddled with trials, experimentations, reassessment and perpetual re-configurations in order to achieve the makers vision. This is somehow a necessary part of the overall process as it rules out the many paths, variables and approaches
needed to reach the ultimate goal. As a result, the maker’s technique develops through
a willingness to experiment and push past error.

8. Conclusions |  269

8.3 Discussion
In this section I will attempt to speculate on the positioning of technology within
human experience. After conducting my projects, interfacing with various communities—both research and sports oriented—has lead to some insights that I believe are
relevant to this field of study.

Desirable Outcomes
It's not hard to visualize a future where people are even more intertwined with technology; literally wrapping around us, in some cases powered through our movement
or body heat and even monitoring what we do or operating inside the body. When
one looks back historically to consider just the sheer size of computers occupying an
entire room and compare to the present day where computing size has become somewhat negligible, the rate of progress is staggering. However, it is difficult to speculate
what ‘exactly’ lies ahead. It's clear that the force and impact of technological advancement is something that requires contention. While each advancement brings with
it seemingly numerous benefits and possibilities, there are also certain values, traditions and humanistic elements that need to be preserved. On the surface, these sometimes impressive displays of advancement seem to happen rapidly; almost overnight.
However, if one to take a different perspective, it would appear that technological
progress culminates over a period of time. For example, when one thinks about wearable technology, they may think of garments comprised of sensors, wires, batteries etc.
However, if you factor the type of technology required to create the garments we
enjoy today (Ryan, 2014, pg. 9) they are already imbued with textiles, seams, zippers and various coatings that were impossible to manufacture just 20 years earlier;
thus also products of technological advancement. The question seems to me to lie in
regards to how technology is expected to serve.
In vintage video footage of a Steve Jobs presentation talking about Apple computer in
1980, he talks about man’s locomotive ability in relation to other animals and states
that the Condor is the best or most efficient mover of all mammals in the animal
kingdom—taking the least amount of energy to move from A to B—whereas man
in comparison, rates relatively low, but when you compare man on the invention of a
bicycle, suddenly beats the concord by a considerable margin suggesting that:

Man as a tool maker has the ability to make a tool
to amplifies the inherent ability that he has.
(McKenna, 1980, 6:10-6:23)
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What Jobs was alluding to was Apples’ ability to create a tool that amplifies the creative endeavors of its user. By extension, one might consider a wearable computer a
tool that can amplify man’s performative abilities. Creating a platform to assist in
being the best version of one’s self. In keeping with the sentiment of assistance, perhaps wearable technology could potentially give its wearer the ability to receive justin-time information, pushing intelligent information in an effort to compliment the
decision making process—thereby which extending our abilities. This system could
support and inform the intuitive aspects of sports, to train more efficiently through
deepened understanding of our performance during activity. The strengths of which
reside namely in the elegant integration of a software, hardware and user experience
triad.

Fig. 8-1: Presentation by Steve Jobs talking about Apple computer in 1980.

If these elements can be integrated, then designers may be able to endeavor pushing
beyond natural human experience, perhaps where the natural is subsumed into the
artificial—a space where these two information realities can co-exist, paving the way
towards a technologically mixed experience.
Designers and Researchers have the opportunity to help shape the future of any field
they explore, into a more desirable one. Hopefully they will be able to do so guided by
a moral compass, ethical reasoning and a willingness to challenge mediocrity.
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The Role of Technology
When we think of technology and the role in which we desire it to play, we generally
try and think of it as an enabler and not an inhibitor. A future defined by artificial
intelligence and automated systems leave many challenges and obstacles to overcome
that if left unanswered, will infringe on the quality of people’s daily lives. Rather
than attempting to predict the future, perhaps it would be more beneficial to imagine
and design one that is representative of a world the we would want to live in. A world
that mitigates the technological interactions between man and machine by paying
attention to people’s cultural, social and ethical challenges. Perhaps in the future,
technology will be by extension unobtrusive, in the sense that it will hopefully not get
in the way of our activities but rather serve to complement them by either operating
in the periphery or seamlessly tapping into the stream of information that we already
receive while actively engaged. After conducting this work, I have some personal
insights that I’d like to share with the reader.
Technology that is worn should be comfortable, both in that it doesn’t feel awkward
in terms of dress but that it also feels accessible in terms of navigating or retrieving
the desired information or functionality. User experience should take center stage
or rather to echo Sennett’s sentiments when talking about man’s relationship to
machines:

We should not compete against the machine.
The machine like any model, ought to propose rather
than command. (Sennett, 2008, pg. 105)
The overall threshold for use or entry point should be minimal and the machine should
conform to the human, not the other way around. Certainly contemporary advances
in miniaturization allow for better integration but we also need to pay attention to
the how by closely examining current practices to be able to better understand the
contexts in which to design for. To put this differently, we cannot introduce artificial
elements without adequate consideration of the cultural and natural as well; as these
elements are closely linked. We do not want to find ourselves in the position of being
subservient or oppressed by technology as Lewis Mumford depicts (as discussed in
Chapter 2). The machine should not evoke feelings of guilt, anguish or anxiety, but
rather allow us to call upon it when required or receive information layered within
natural inputs that we readily rely on— thus taking the form of mixed reality. A
reality that we can easily absorb, process and understand, and most importantly distinguish the artificial from the natural.
The issue of reliance perhaps is not something that can be avoided given the evolution
of automation and society’s exceedingly technological dependencies. Perhaps the best
we can do is to try and understand the feasibility of how humans can co-exist with the

272  | 8.3 Discussion

numerous configurations of technological forms and—as designers, engineers, policy makers and business people—strive to some level of transparency and openness.
There have been some suggestions towards a shared or hybrid intelligence as a means
of securing this harmony and simultaneously overcoming the barrier of failure diagnosis in AI systems (Kamar, 2016, pg. 25). Whatever trajectory these advancements
take, anyone involved in the creation of these systems, should take into account the
greater constellation and ecology of the devices within which they are designing, in
order to create meaningful human experiences.
To that end perhaps we can stop thinking about wearable/mobile technologies as
devices but as wearable ecosystems. A constellation of devices that are congruent
with other devices or services, which can be individually interesting but ultimately
more compelling when various combinations are harvested. One should be able to
pull information when needed, or have the ability to preset parameters for gentle
notifications, which is then heavily dependant on the context-of-use. If we can start
to perceive technology in this way then perhaps fitness, mobile, wearable and portable
technologies can be designed in such a way to further enrich our senses, heighten
our awareness and ultimately enhance experiences when engaging with the physical
world, without the need to demand our attention away from it.
As the current trend of technology continues and it’s proximity to our bodies minimises, perhaps we’ll find seamless ways to integrate it within our lives, however these
systems and their adoption of them should not be lightly as there are many critical
factors that need to be addressed along the way. People are exceedingly becoming
the playground for technology, the dangers arise when technological dissemination
occurs without sufficient supervision, recourse, reliability or the corresponding ethical considerations.
The work explored in this thesis is of a particular nature, conducted within specific
contexts. It attempts to step away from the one-size-fits-all sentiment that technology
tends to adopt, by connecting specific explorations to particular practices. It is my
belief that if we are to further adopt technology into our everyday lives we should
better assess the myriad of contexts that it may be used, misused and depended upon.
Furthermore, rather than focusing the discussion on machines becoming a substitute
for people’s abilities in the workplace, perhaps we should be thinking more about
augmenting people in such a way that they benefit from the processes and capabilities
the machine has to offer. Augmenting people is (in my opinion) the only way to stave
off being fully eclipsed by the machine and the pending technological singularity that
some believe is inevitable (Kurzweil, 2005).
I see this as the only way to strive towards casting technology in the light of an enabler
rather than the opposite. If we can manage to achieve this balance and harmony with
technology, then perhaps the way that we navigate, negotiate and perceive the world
will truly be enhanced.
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