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ABSTRACT

Prototypes and other ‘things’ have had many uses in HCI research—
to help understand a problem, as a stepping stone towards a solu-
tion, or as a final outcome of a research process. However, within
the messy context of a research through design project, many of
these roles do not form part of the final research narratives, re-
stricting the ability of other researchers to learn from this practice.
In this paper we revisit prototypes used in three different design
research projects, conducted over a period when the Internet of
Things emerged into everyday life, exploring complex hidden re-
lationships between the internet, people and physical objects. We
aim to explore the unreported roles that prototypes played in these
projects, including brokering relationships with participants and
deconstructing opaque technologies. We reflect on how these roles
align with existing understandings of prototypes in HCI, with par-
ticular attention to how these roles can contribute to design around
IoT.

CCS CONCEPTS

« Human-centered computing — Human computer interac-
tion (HCI).
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1 INTRODUCTION

In the exhibition catalogue for The Curious Home, Gaver recounts
the project in reverse, drawing a vivid picture of “watching a film
of a great wave hitting a beach, but played backwards” [13]. As this
alludes to, final artefacts of a design research process are often left
washed up on a pristine beach while many of the ideas and work that
went into them swirl somewhere at sea—perhaps waiting to catch
another wave onto another concept. The luxury of an exhibition
catalogue like the one that accompanies The Curious Home is a
familiar part of the design landscape, but for HCI researchers, this
body of design work often goes unseen beyond the parts that help to
construct a clean narrative. It is striking to compare the content and
style of that exhibition catalogue [13] to the related research paper
[15]. If one were to view only the research paper, a lot of design
nuance and understanding of process would be lost, along with
opportunities to further develop a community of practice around
research through design (RtD) in HCI and promote these methods
and approaches to others.

Accounts like these show us that the role of prototypes in a
design research process are expansive and varied. An evolving un-
derstanding of this role can be seen across prototyping literature:
while earlier interpretations focused on their role in representing
a specific design idea [17], later discussion of prototypes explored
their ability to “concretize and externalize conceptual ideas” [24],
to include participants in the design process [33] or as a means
of inquiry [42]. However, there remains concern that the objects
themselves are underappreciated: in recent years, there has been
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increased effort to consider the role of ‘things’ in HCI research,
recognising that “the things of design research have remained con-
spicuously overlooked, under-engaged with, and, for the most part,
absent from the CHI conference” [28]. The CHI workshop series on
this topic [28], the Pictorials track at DIS and the Research through
Design conference [41] represent different avenues for thinking
more about the role of prototypes and other ‘things’ in our research.

This increasing focus on ‘things’ is perhaps to be expected at a
time when the Internet of Things (IoT) has created a proliferation
of connected devices into our lives. More than ever, interactive
technologies are not just confined to screens, but might take a
multitude of forms that lend themselves to the type of physical
prototyping common in RtD. Our own design practice has used
prototyping to support discussion and reflection around both the
opportunities and challenges posed as the objects around us become
smarter. Although this work has involved both highly resolved
prototypes representing the endpoint of a design process and works-
in-progress that were clearly waypoints towards these “finished”
objects, there have also been many prototypes along the way that
played other roles. These have often served to build relationships
of understanding between us as design researchers and the people
that we worked with, helping navigate the increasingly complex
space of IoT between people, the internet and things.

This paper is our contribution to the ongoing effort to reflect
the value of prototypes in RtD research, viewed through the lens
of IoT in particular. We revisit the roles that prototypes played
across three RtD projects, illuminating critical roles they played
in brokering relationships with participants and deconstructing
and demystifying technology. Our contributions are two-fold: 1) to
support visibility of intermediate prototypes in research through
design by sharing prototypes that played critical roles in three
projects, contributing the visibility of design research methods in
HCI and 2) to reflect on the existing understood roles of prototypes
in the design process from the perspective of IoT and their ability
to contribute to its unique challenges.

2 BACKGROUND

Prototypes and other ‘things’, in all their many forms, have had a
long relationship with HCI research and there have been a great
number of attempts to classify and define their purpose [24, 29, 42].
Yet the language of the place of these ‘things’ in HCI research
varies greatly—indeed, it has been said that perhaps everything is
a prototype [3]. Before describing prototypes from our own design
research practice and perspective, we will first review how HCI has
understood the purpose of prototypes and other ‘things’ of research
in the past.

2.1 The Purpose of Prototypes

Prototypes are traditionally seen as a stepping stone towards a final
product in a solution-driven process: a purposeful way of spanning
the distance between an idea and a product, which typically takes
the form of a less developed version of what is to come [24]. For
example, one model of prototyping used in HCI describes the role,
implementation, or look and feel as key properties to be modelled
[17]. This form of prototyping can be highly valuable in a situation
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where the objective is some final product, particularly in a com-
mercial design context. Within this process, designers will typically
explore many different alternative possibilities: the Design Coun-
cil’s Double Diamond model [6] represents a highly abstracted view
of this process as two successive cycles of divergent and convergent
thinking, where designers explore a topic widely before settling on
a brief, then a wide range of potential solutions leading to a final
product.

The Double Diamond’s useful abstraction helps us to commu-
nicate the broad strokes of a design process, particularly to those
who are unfamiliar with it, but the story it tells is not complete. In
contrast to this clean model, design practice is inherently “messy”
[36]: avenues are explored and abandoned, or collapse back into the
final concept in unexpected ways. We have seen this disparity is
our own research, there we have tended to draw a relatively linear
path in the final research narrative, obscuring the messiness of a
much wider exploration. So, what roles do prototypes play within
this tangle?

2.2 Prototypes in Design Research

In design research especially, prototypes are not just waypoints on
the journey to a finished output, but a tool for research themselves.
Wensveen and Matthews [42] suggest that “if there is a unique char-
acter to design research in comparison to research approaches in
other fields, it is likely to relate to the role of and focus on designed
things as components of the research process”. Their categorisation
of prototypes includes prototype as an experimental component,
prototypes as a means of inquiry, prototype as a research archetype
and the process of prototyping as a vehicle for inquiry.

While the use of a prototype as an experimental component, for
example to directly test a hypothesis or compare several approaches
to a problem, is very common in HCI research, as design researchers
we are drawn much more to prototypes as a means of inquiry. Here,
the prototype is a tool that acts part of a larger inquiry—a means of
learning about the world, rather than learning about the qualities of
the prototype itself. Wensveen and Matthews point to technology
probes [18] and provotypes [2] as examples of this, both prototypes
meant to provoke some response that will improve our knowledge
of a situation. Unlike more well-defined prototypes, these explicitly
ask open questions and that might take research in unexpected
directions. Technology probes intentionally liken themselves to
cultural probes [14]—both designed objects intended to learn about
participants and provide inspiration rather than answer questions
themselves.

Also of interest to us are prototypes as research archetypes,
used to illustrate and demonstrate some concept, perhaps critically.
While tied more to the “showroom” [21] approach to design re-
search that is less common in HCI than lab or field approaches,
a strand of speculative and conceptual work has long existed in
interaction design (most famously in the work of Dunne and Raby
[10]). With speculative design and design fiction cementing their
place as mainstream methods in design-led HCI research, the use of
prototypes in this way is increasingly common. This type of proto-
type is marked by the designer’s intent to communicate something,
often about a particular issue, but also about themselves—Wallace
et al. [39] reflect that their probes were designed not just to learn
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about participants, but also to share their own values. Finally, while
the act of prototyping itself as a means of inquiry is even less com-
mon in our eld, we do see reporting of this becoming increasingly
common as new publication formats better support it (e.g. Dykes
etal. [11]).

Sanders and Stapper33 provide us with an alternative taxon-
omy for prototypes, focusing on their role in the co-design process.
These include supporting discussions around a theme, confronting
theories and confronting and changing the world. They point to
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we focus on early and intermediate stages of the projects where
prototypes were used to broker new relationships with participants
and explore the landscape around each project's context.

All three projects broadly relate to the Internet of Things, a
research context in which “things' are central and the design of
physical products has a renewed prominence. Underpinning our
research is the notion that as loT enables technology to come ever
closer into our lives, the social impact it can have is signi cantly
ampli ed. Seemingly simple devices marketed as speakers may

how prototypes in a co-design process can be used to share ideasactually be microphones collecting masses of personal data and

to elicit feedback from participants and point to the di erences in
designing for (typically in speculative design) and designing with
(typically in service design). While these distinctions do not hold
in all cases it is a useful framing for a discussion of the modes of
prototyping where a functional product may not emerge.

2.3 Designing Things for Concern

Finally, we want to draw particular attention to the growing use

in HCI of things to negotiate ideas and concepts between people
and complex situations. The challenge of designing for complex
intersections of people, technology and society is even greater when
there is a lack of alignment around issues amongst those involved
[1]. Latour [23 argues that all designed objects are assemblages of
things and the world is lacking the tools required to bring these
things together in meaningful ways for matters of concern. Ratto
[31] picks up on Latour's challenge by proposing Critical Making as
a way of turning the relationship between technology and society
from a matter of fact into a matter of concern. How matters of
concern become issues that publics can deal with, and what design's
role in this space can be, is addressed by DiSaRloHe posits that
issues themselves do not exhibit the agency to assemble people
and that design can contribute to how publics can become aware
of issues.

In our own RtD practice, we have responded to the growing en-
tanglement of the Internet of Things (10T) in our lives. The complex,
unknowable quality of the many interconnected aspects of I@H][
is increasingly seen as a matter of concern. In an echo of DiSalvo's
call to expose underlying structures, Duart@]| [argues that we need
to disassemblnese systems in order to reveal underlying socioe-
conomic reasons behind the way in which connected products are
designed. Design has responded to this challenge both by exposing
and speculating on current issues around loT and by exploring its
potential beyond current commercial activitied,[8, 19, 20, 3§. In
our own work, we have found a need to take people on a learning
journey that enables researchers and participants to arrive at an
initial shared understanding of issues from both sides.

3 REFLECTIONS FROM PRACTICE

To explore the wider roles of prototypes, we will revisit three di er-
ent projects where prototypes were used in ways that were essential
to the project but ultimately did not form part of the published re-
search narrative. All of these projects are drawn from our own
RtD practice and broadly respond to the challenges of emerging
technologies in di erent contexts, especially related to loT. We will
not focus here on the design processes leading to the prototypes,
nor on the nal project outcomes that resulted from them. Instead,

drawing on sophisticated distributed networks. These complexities
require the sharing of knowledge, experiences and understanding
between researchers, designers and participants. In each of the
projects we will discuss, prototyping provides us with a way of
untangling these complex relationships of people, objects and the
internet.

3.1 The Minions and TapWriter (2015)

Our rst prototypes were developed as part of a project exploring
radical new forms of 10T for the retail environment. The project
was set against a backdrop of decline in UK high streets (downtown
shopping precincts) as consumers move instead to online shopping
and out-of-town retail parks, as well as a trend of increasing use of
emerging technologies by major retailers, including facial recogni-
tion [44]. Our aim was to explore how IoT could be co-designed to
provide bene t to shops and other businesses located on or near
the high street, especially to small retailers who often bene t less
from technology developments.

However, 10T was and largely remains a term most shopkeep-
ers and other non-specialist audiences were unfamiliar with. Unlike
today, when we can point to well-known examples of consumer IoT,
there were very few examples we could use to help participants un-
derstand the true nature of the project. The prototypes we describe
here were used in the early stages of the project to demonstrate the
capabilities and potential of loT, while simultaneously brokering
relationships between the project team and potential participants.

3.1.1 The Prototypeghe rst family of prototypes built for the
project were designed to each represent a single function or digital
interaction (Figure 1). Our intention was to create playful single-
function IoT devices that served as sketches of the ways that loT
could be used in a shop, café or other customer-facing high street
business. We connected these to the internet using an Electric
Imp loT controller, which allowed a very fast reaction in response
to web input. Some of these used outputs (a receipt printer that
printed messages, an LED ring whose colour could be changed and
a thumb that could be raised and lowered, all remotely through a
web interface), while others were inputs (an infrared sensor that
detected nearby movement and an RFID reader, both of which
reported to a web interface). These intentionally referenced existing
shop interactions like a till receipt, contactless payment or a bell
that sounds when a customer enters. We nicknamed the devices
Minionsafter the popular cartoon characters, due to their yellow
colour and dedicated tasks, and because we wanted to convey a
sense of playfulness and humour rather than utility.

We introduced the Minions in two open gatherings where local
business owners were invited to discuss the future of technology on
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Figure 1: The Minions each showcased an individual web-
controlled input or output, including a thermal printer, LED
lights and motors.

Figure 2: TapWriters deployed on the counter in a small in-
teriors/gift shop.

their high street. As a result of the meetings, we recruited ve shops
and two cafés to work with us on the next stage of the project. The
Minion that the partners overwhelmingly identi ed with was the
internet-connected receipt printer. Consequently, we expanded this
concept out into a dedicated social network of devices (Figure 2), in
which any message sent through the web service would be printed
across the entire network. Borrowing from simple social media
interactions (e.g., liking), we added a tap button that would send a
prede ned message ( a tap has been received by <business name> ).
The language of a tap ratherthan a like was deliberately neutral
more a mark of recognition than approval. We named these devices
TapWritersand built a network of eight devices: seven that were
deployed in di erent businesses across the city for a month and a
nal device that resided in our design studio.

3.1.2 Reflectionin this project, we were dealing primarily with
participants who had little existing knowledge or experience with
loT and other emerging technologies. The challenge for the project
was to engage with business owners, who had the potential to be
resistant to the idea of change, and to engage them with a design
research project that was approaching retail from a very di erent
perspective to their own experiences. While we naturally wanted

Taylor et al.

to understandheir experiences, the nature of the project also re-
quired that we draw them out of their comfort zones and engage
with unfamiliar technologies. We achieved this by e ectively decon-
structing loT, breaking it down into simple pairings of inputs and
outputs that were by themselves easier to understand and respond
to. As we will see in subsequent projects, this deconstruction of
otherwise opaque technologies has been a powerful way of helping
participants to craft their own narratives around loT. This allowed
us to have initial, informed conversations about 10T in order to
recruit participants for the next stage of the project. There was a
general sense that the Minions were welcomed as bespoke objects
made for them, mirroring the boutique nature of their businesses.
This contrasted sharply with mass manufactured devices that raised
associations with global retail brands.

Living with the TapWriters for a month helped the participants to
gain a deeper understanding of what roles these devices might play
in their shops and whether it actually interested them. Messages
ranged from trivial (e.g., hi, how are you, what's the weather
like ) to jokes and more complex uses. For example, the owner
of one shop began sending co ee orders to the café across the
street, while another shop sent discount vouchers to other venues
to entice potential customers. Atthe same time, seeing the messages
ourselves and visiting shops to perform maintenance helped us
understand the rhythms of small businesses. Although many of the
businesses slowly disengaged from the network over the month
of deployment, these prototypes both helped us to identify the
right participant to build further collaborations with, and for other
potential participants to learn enough about the project to make
an informed decision not to take part further and having learned
a little about one potential future for 10T and the high street.

By comparison, the owner of a boutique eyewear shop main-
tained a high level of interaction and his enthusiasm became an
avenue for deeper engagement. This relationship ultimately be-
came a central pillar of the latter half of the project and he was
closely involved in co-designin@elf Re ectara highly resolved
bespoke research product for his shof. This product a mirror
that guessed the age of the customer and played music from their
adolescence bore no resemblance to the prototypes we described
above. But the close relationship that developed through these ear-
lier prototypes was essential to the development of the research
product, which drew heavily on the shop owner's personality, espe-
cially his love of music, and the unique aesthetic of the shop itself.
Without this earlier work, the nal outcomes of the project would
have been very di erent.

3.2 Provocative Voice Prototypes (2017)

Our second case study originates from an advocacy project around
the voice enabled internet in collaboration with Mozilla Foundation.
The project responded to the rapid proliferation of smart speakers
and voice assistants into peoples' homes, often with little consid-
eration of their potential privacy implications. At the time of the
project, we were beginning to see emerging news stories relating to
creepy or invasive behaviour from these devices as a result. Our
intention was to open a conversation about what preferable futures
might look like in this space, taking cues from Mozilla's Internet
Health Report g to understand what a “healthier' relationship
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