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ABSTRACT

Design and HCI researchers are increasingly working with
complex digital infrastructures, such as cryptocurrencies, distributed ledgers and smart contracts. These technologies will
have a profound impact on digital systems and their audiences. However, given their emergent nature and technical
complexity, involving non-specialists in the design of applications that employ these technologies is challenging. In this
paper, we discuss these challenges and present GeoCoin, a
location-based platform for embodied learning and speculative ideating with smart contracts. In collaborative workshops
with GeoCoin, participants engaged with location-based smart
contracts, using the platform to explore digital ‘debit’ and
‘credit’ zones in the city. These exercises led to the design
of diverse distributed-ledger applications, for time-limited financial unions, participatory budgeting, and humanitarian aid.
These results contribute to the HCI community by demonstrating how an experiential prototype can support understanding
of the complexities behind new digital infrastructures and facilitate participant engagement in ideation and design processes.
ACM Classification Keywords

H.5.m. Information Interfaces and Presentation (e.g. HCI):
Miscellaneous
Author Keywords

Distributed Ledgers, Smart Contracts, Smart City, Geofence,
Design and Ideation;
INTRODUCTION

New complex infrastructures such as programmable currencies, distributed ledger technologies and smart contracts are
becoming increasingly widespread. These infrastructures often support finance and distribution transactions [40], running
in the background of larger applications, away from users’
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Figure 1. Participants setting off and exploring GeoCoin

awareness. There is a growing list of applications and proposals to employ blockchain technologies in the context of the
Internet of Things [22]. These applications extend from the
Smart Home into the Smart City [28, 52] and are bound to
result in wide-reaching implications for users, consumers and
citizens alike.
As such technologies remain in the background of users’ experiences, people’s awareness of them is often mediated by
technological narratives. Although many have now heard
of cryptocurrencies and blockchains, public understanding is
shaped by partisan narratives of the future, whether utopian
or dystopian, decontextualized and echoed in the mainstream
media [23]. In media reports, these technologies are ready
to replace governments [47], democratize the Internet, or are
portrayed as Ponzi schemes designed to scam the gullible and
to support illicit activities [35]. The lack of awareness and understanding prevents a more informed conversation around the
implications and potential of these infrastructures, particularly
when attempting to involve people in the design process – they
are constrained by received narratives, and lack the grounding
to create their own.
In this paper, we present GeoCoin1 , a platform that aims to facilitate understanding and ideation with location-based smart
contracts; self-executing computer protocols that run on dis-
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tributed ledgers (e.g. Ethereum2 or Bitcoin Blockchain3 ). GeoCoin provides a grounded experience of smart contract infrastructures, while remaining open for exploration, reuse, and
final translation into new deployments, giving participants the
grounding to develop their own perspectives not constrained
by media portrayals of technological innovations. The use
of location-based contracts is intended to contextualise the
technology in everyday practices.
GeoCoin was used in a series of workshops, where participants were guided through i) initial understanding aspects of
cryptocurrencies, blockchains and smart contracts; ii) experience of using GeoCoin; iii) ideation around potential applications for geolocated smart contracts. This process is
synthesised here through insights gained from using this platform in 4 workshops with 69 participants over the course of 10
months. This paper contributes to the very timely discussion of
blockchain technologies in HCI. It presents case scenarios of
an experiential platform as open, unfinished software, supporting understanding and facilitating engagement in ideation and
design with smart contracts and location-based infrastructures
for value exchange.
BACKGROUND
Distributed Ledgers and Smart Contracts

The main challenges of communicating the impact and potential of smart contracts is the complexity of the technology
involved and the lack of established references to some of its
core concepts.
Smart contracts are enabled by distributed ledger infrastructures such as a blockchain. Distributed ledgers are systems
that can computationally verify and store information in a
decentralised network without the need for a trusted third
party. They allow consensus to be achieved in a distributed
system without a central authority. This relatively abstract
concept is important for a number of applications that verify
and record transactions and other data immutably. The concept was popularised by Bitcoin, which used a blockchain
to create a peer-to-peer cryptocurrency [37] supporting many
applications focusing on financial trading [40]. Nowadays
however, there are other examples of blockchains, and many
non-financial applications that range from supply chain provenance4 , securing healthcare records [34], royalty fees in the
music industry [44] and new ways of publishing [49].
Complexities of Smart Contracts

The Bitcoin blockchain includes a simple programming language that is used to verify transactions, such as checking that
the correct parties have the necessary funds to make a transfer. More recent blockchain systems such as Hyperledger5 or
Ethereum2 , offer a more developed programming language
that can be used to create smart contracts: “agreements between two or more parties that can be automatically enforced
without the need for an intermediary” [38, p.6]. These contracts are initiated and become autonomous—they do not run
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on a single computer, and there is no convenient “off” switch.
Being autonomous and decentralized, they give a mechanism
for carrying out trusted exchange. They are therefore seen
as challenging existing models of governance, by replacing
centralized sharing platforms [45], or even the entire mechanism of government6 . Arguably the most famous application
of smart contracts is “The DAO”, a capital fund organisation
that at its peak controlled over $150M of cryptocurrency, with
11000 stakeholders involved in distributed voting on activities
and investments [11]. The DAO eventually crashed, when a
bug in its code allowed a bad actor to siphon out all of the
money invested [14]. This demonstrates some of the challenges of working with smart contracts as well as continuing
technical issues around security and concurrency [13, 30].
Smart Contracts in Practice

These technologies are poised to have wide reaching implications for everyday users, yet researchers have found that a
small minority employ cryptocurrencies [33] while the broader
public –– even those that use cryptocurrency – does not fully
understand the complexities of the underlying technology [18].
While technical approaches exist to ease development for nonspecialists (e.g. Etherscripter7 , a smart contract programming
environment based on Scratch8 ), these are only relevant for a
relatively technically literate subset of the population, and focus on technical understanding rather than wider implications.
One problem of communicating smart contracts is that they often do not match existing mental or legal models of users. For
example, it takes a significant shift in viewpoint to understand
how trust can be built up by distributed computers, or that
transactions become more trustable with time. Decisions can
be validated by the community, which contrasts with existing
legal systems. When the DAO crashed, since it controlled a
significant fraction of the Ethereum currency on which it was
based, the community voted to carry out a “hard fork” and
reset many of the transactions that were previously carried out.
This kind of rewriting of history is outside the mental models
most people have of how currencies function.
In order to understand the effects these technological developments may have on our everyday lives, researchers are looking
into ways to render them more accessible and tangible for
non-specialist audiences [31, 32]. Other, creative applications
and explorations by artists and designers aim to reimagine and
critically question future applications or uses of this technology [8]. For example, Lindley’s Crypto Heater explored the
“distributed peer-to-peer network of so-called ‘miners’” [29]
while Pschetz and Tallyn’s Bitbarista [42] applies blockchain
technology to investigate the participant’s understanding of
data sharing and transparency, and Nissen et al. [39] explore
the implications of designing for Distributed Autonomous Systems. These manifestations of blockchain technology in the
form of diverse tangible things illustrates an increasing need
to understand and think through these complex infrastructures
and technologies in accessible ways.

2 https://www.ethereum.org/
3 https://blockchain.info/

6 https://bitnation.co/

4 https://www.provenance.org/

7 https://etherscripter.com

5 https://www.hyperledger.org/

8 https://scratch.mit.edu/
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Implications for the Smart City

One area of growing interest for smart contracts is the smart
city, where blockchains offer a possible solution to storing and
using data that has been collected securely. Governments and
industry are attempting to integrate Internet of Things (IoT)
data into citywide information architectures [52]. These are
intended to support city services on the one hand [28] and
civic engagement on the other [12] with calls for civic activists
to “hack the city” [2].
The currently wide-ranging explorations of urban blockchain
applications [48] include monitoring environmental sensor
data through immutable smart contract logic [25]; integrating a secure infrastructure in the smart city [4]; and using
a transparent distributed ledger to offer financial incentive
models to urban cyclists [27]. Some of these systems are centralised, while others [22] offer a way for community groups
to develop peer-to-peer platform cooperativism [45]. A very
recent example in early development is the FOAM protocol9
which introduces secure storage of a spatial dimension to the
blockchain, acting as decentralised geospatial infrastructure.
INTRODUCING GEOCOIN

We developed GeoCoin as an explorative platform for locationbased, or geo-fenced currencies to allow researchers and designers to engage wider audiences in understanding and designing with novel infrastructures of smart contracts and cryptocurrencies. Smart contract logic is attached to physical locations,
and participants interact with them using a smartphone app
that shows the contract instances on a map as the participants
move through space. The app maintains a digital currency
wallet for each person, so that participants can see changes
to their balance in real-time. It currently includes two basic
types of smart contract: i) Debit/credit coins which perform a
single transaction with the first participant who comes within
the radius of the contract; ii) Debit/credit zones which continually add or remove currency from all participants within
their radius. Figure 2 shows two versions of the interface
that were iteratively developed alongside the workshops. The
value of each coin or zone is not visible to users, and only
becomes apparent through physical exploration and observing
the changes to one’s balance. The zones can be easily administered through a web interface (Figure 3), allowing workshop
organisers and designers to quickly set up new experiences
alongside participants.
GeoCoin and Existing Methods to Support Ideation

With our intention to create an accessible tool for engagement and ideation of smart contract applications, GeoCoin
contributes to existing work on methods, approaches and techniques for ideation in general. Existing approaches however
are usually focused on idea generation techniques and experimentation with concepts. Several methods have evolved from
traditional forms of Brainstorming [16] or Sketching [7], and
have been translated into an increasing number of ideation
cards and toolkits [17, 21, 26] to name just a few). Some focus
9 http://foam.space
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Figure 2. First iteration of GeoCoin (left) and second iteration (right),
showing single use transaction pins and continuous transaction zones.

on ideation for designers while others aim to engage participants in the design process [43] as in participatory design
approaches [36].
Alongside these tools for ideation, other design tools such
as probes have been designed to further gain insights from
participants and support reflection in relation to specific contexts and concerns. Probes have become increasingly popular
to gain nuanced insights into practices and perspectives, as
one of the biggest challenges of engaging participants is to
reveal their tacit knowledge, things that they often take for
granted and therefore do not openly manifest to researchers.
Probes vary widely in the level of inclusion of participants
in the design process. “Cultural probes” [19] were defined
as a way to provoke “inspirational responses” in order to understand participants in an open-ended way, while “Design
probes” [51] capture insights from participants through the
modification of artefacts that invite expression of subjectivity
and intimacy. “Technology probes” can take the form of prototypes that test a particular concept [24] and open up dialogue
with potential users. They can also attempt to evoke a context
where technology is developed in order to act as a stimulus for
understanding larger social practices, such as the way communication patterns evolve [46]. Overall, probes try to strike a
balance between having access to participants’ knowledge and
giving them tools to portray their perspectives in open ended
ways.
In the Design and HCI communities, the role and importance
of prototypes to gather feedback from participants has been
widely acknowledged. In more traditional design approaches,
participants are consulted at multiple points in the project,
through paper or video prototypes in order to collect feedback
from them. Experience prototypes are also used [6] with the
aim to communicate what it might be like to engage with a
product, service or system, and reach a higher level of fidelity
towards the final design.
Overall, GeoCoin borrows aspects of these methods but does
not strictly follow any of them in particular. GeoCoin incorporates ideas related to participatory design and classic ideation
methods. However, these methods have limitations when supporting ideation within more complex technological scenarios.
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In line with participatory design, Geocoin aims to explore
participants’ contextual knowledge while they actively engage
in the development of new concepts. As such, GeoCoin is
strongly influenced by the concept of probes in terms of gaining insights from a specific technology and the context it is
situated.
Ideating with Unfinished Software

While leaning on these existing design tools, we perceive this
novel experiential platform as open, unfinished software to
support understanding and facilitate engagement in ideation
and design processes with smart contracts. Much has been said
about the value of unfinishedness in design, from sketching
user experiences [7] to ambiguity [20] and open design [50].
Sketches and less finished prototypes can be seen as tools
to encourage discussion and intervention, in earlier stages of
the design process as they are cheap and easily adaptable [7].
Ambiguity [20] allows artefacts and systems to be open for
multiple interpretations [46] and can be useful to express uncertainty in the precision of a system (ambiguity of information),
to raise questions about people’s perspectives towards practices suggested by technology (ambiguity of context) and to
support people in rethinking the roles systems play in their
lives (ambiguity of relationship). Open design [50] is still
an emergent concept related not only to copyright issues but
also the communication and production of tools to support
extension, re-use and remix of design projects. Open design is
becoming more popular in discussions on digital fabrication
processes, but is increasingly discussed in terms of design
principles. Architect Alejandro Aravena’s half houses [41], is
an example of how an open design approach can offer people
a functioning basic structure while leaving room for individual
expression and further development. Similarly, GeoCoin was
intended to provide a functioning experience of a complex
technology while leaving a structured space for individual
ideation and concept development. This open, experiential
platform offers basic technical functionality without prescribing goals and forms the basis of what we perceive as unfinished
software to support ideation grounded in hands-on learning.
GeoCoin Iterations

With this framing in mind, GeoCoin was developed over the
course of 10 months and was tested and deployed throughout
this development in several workshops. Learning from initial
workshops, GeoCoin went through two major technical and
visual iterations, while smaller technical and UI issues were
refined over the course of the 10 months.
The first iteration was based on Bitcoin currency, using Electrum10 “wallets”—applications and services that give cryptocurrencies same affordances as traditional payment systems.
Each wallet was initialised with a small, randomised amount
of Bitcoin at the start of each workshop. Visually, this iteration was a low-fidelity prototype, using OpenStreetMaps11 .
The user interface showed a relatively busy map with a series
of ‘coins’ and coloured zones, and was intended to engage
10 https://electrum.org
11 https://www.openstreetmap.org
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Figure 3. GeoCoin admin panel in final iteration.

participants in further thinking through the value and meaning
of potential location-based smart contracts.
The second iteration incurred two major changes. First it
moved from Bitcoin to Ethereum. Because Bitcoin transactions are not free, a significant proportion of the digital currency was lost to transaction fees in each workshop. The
Ethereum platform allows the use of a “test” blockchain,
that is free to use and technically compatible with the “real”
Ethereum currency. In addition, Ethereum has more support
for the kind of smart contracts that we were developing, allowing more of the logic to be handled by the platform. Second,
we created a more user-friendly interface that hid most of the
complexities of the technology and instead emphasised the
coins and zones.
Lessons Learnt from Prototyping with Bitcoin and Ether

A recurring narrative around cryptocurrencies is that they enable micropayments, by being fast and cheap to use. Our
prototyping showed that this is often not consistent with current platforms for two reasons:
• First, as mentioned above, transactions through Bitcoin
(Electrum) wallets are not free. When performing many
small transfers, the transaction costs quickly eclipse the actual transaction amounts, and workshops become expensive
to run as money disappears. Additionally, the distribution of
fractions of bitcoins in a large number of wallets means that
a portion of the funds are not economic to recover under the
original architecture.
• Second, transactions are not instantaneous due to block
mining times, taking up to 15 minutes to be seen in Electrum
wallets. In a real-time, physical experience, transactions that
take 15 minutes to “come through on the blockchain” are no
longer salient, and the process of discovering mechanisms
is disrupted. In response to this, we added a “confirmed”
value representing the trusted transaction in the blockchain,
and an “unconfirmed” balance that would update instantly
(Figure 2).
GEOCOIN WORKSHOPS

In a series of collaborative workshops, we used GeoCoin as
a tool for embodied learning and speculative ideation with
location-based smart contracts. These workshops were developed not as a stand alone study dedicated to this platform,
but as part of a series of associated events to engage different
stakeholders and communities in the discussion of these new
technologies. As a result, although each workshop was structured similarly, we adjusted details for differences in setting
and audience to make it meaningful to them and retain real life
impact. Participants included Arts and Humanities researchers,
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(a)

(b)

Figure 5. Handfastr (left) and CivicBlocks (right) designs by participants.

Figure 4. Participants mapping GeoCoin opportunities and implications.

industry experts, informatics students, community groups, creative industry organisations, artists and designers. Overall, we
ran 4 workshops with participant numbers ranging from 8 to
35 with a total number of 69 participants. The national and
international workshops ran from half a day and whole day to,
in one case, two days (as discussed by Cila et al. [10]). All
workshops were documented using post-it notes, audio, video
recordings and field notes.
Each workshop roughly followed a similar 3 stage structure:
1. Overview: the first stage aimed to give participants an initial
understanding of the underlying technological principles
and wider concerns in an accessible format through a combination of presentations and a guided BlockExchange12
session
2. Exploration: the second stage consisted of a short introduction to the GeoCoin platform and its use before sending
the participants out into the city, where they roamed freely
around the streets and parks exploring and interacting with
GeoCoin.
3. Ideation and Design: A final design and ideation session
brought participants back together to explore opportunities,
issues and ideas arising from their GeoCoin experience.
We asked participants which contexts or situations such
location-based platforms could be meaningfully applied to,
who would interact with such a system and what rule bases
or conditions would be useful. In shorter workshops, the
ideation stage was limited to sketching out and presenting
idea outlines. In the longer workshops, the participants
worked with a developer to turn their ideas into new forms
of smart contract applications. After a code sprint, the
prototypes were then collectively experienced.
Participants’ Projects

The initial GeoCoin experience presented a series of simple
smart contracts, i.e. the ability to collect and spend coins
in particular geofenced areas. These mechanisms were directly appropriated by participants to create rich distributed
applications. The ideas generated in the workshops ranged
from abstract, speculative concepts to concrete applications,
with an emphasis on bottom up, community building ideas
to empower citizens, residents or a wider public which align
12 http://blockexchange.designinformatics.org/
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with the ethos or promise of distributed ledger technology.
Often these included creating novel, cause-specific currencies,
gamified incentives and distributed budgeting systems with
a playful and creative angle. In general, concepts revolved
around 3 main themes: infrastructure, cultural landscape, and
socio-economic applications. While we encouraged participants to reflect on one final concept to prototype, many ideas
were generated during the process with several overlaps. Final
concepts often differed in their level of development.
Overall, 7 concepts were clearly defined and articulated, while
other ideas remained at the sketch stage. These concepts included (1) gamifying a city’s tourist attractions to alleviate
crowded hotspots and increase visits to lesser known cultural
venues; (2) counteracting gentrification by offering residents
the chance to build community equity; (3) an environmental
currency offering financial incentives for low-carbon practices;
(4) a cultural currency that could only be spent at cultural
events and venues within the community; (5) collaborative
financial decision making for temporarily joined funds; (6) a
participatory budgeting platform; and (7) distributing humanitarian aid directly to peers. From these 7, we are describing
the latter three as most compelling and furthest advanced
examples below, which have also been developed into full
applications employed in different contexts.
Handfastr – Making Commitments Wherever You Are

What if we could set and formalise our agreements and commitments, for a place and a time, to enable hyper-local economic
zones with specific rules made by us, for us? A group of 3
participants used smart contracts as the jumping off point to
question conventional legal aspects of marriage, by creating
location-aware, time-limited financial group partnerships (Figure 5a). The example of marriage was chosen for its common
resource-sharing characterization, which is traditionally relatively fixed. This was updated into a flexible, mobile digital
smart contract. The resulting application allowed groups of
people to join finances for a specific purpose over a flexible
period of time. The team designed their app allowing participants to create a temporary social economic contract, or
Handfastr, by tapping a marriage button on their phone whilst
being within proximity to one or several partners. Sealing a
romantic, social or communal agreement in the blockchain,
the partners could then join holiday or business finances for
the duration of a few days or as long as the members agree.
For the duration of this bond, the participants are only able to
spend coins when in close proximity with one another.
Civic Blocks – Participatory Budgeting with Bitcoin

How can we use new technologies to create a more democratic city? How can we involve citizens in decisions about
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The implementation also allowed participants to probe the
edges of these technologies. For example, we observed strategies like standing in the center of a credit and debit zone to
try and confuse the system; attempting to sprint through a
debit zone trying to avoid collecting debt; and gaming the
system more intentionally by turning on and off the phone’s
GPS to avoid payments. These responses would not have been
sensible with a less infrastructurally grounded platform.
Uncovering Unequal Infrastructure
Figure 6. GeoAid iteration of GeoCoin by researchers.

their neighbourhood? The idea of CivicBlocks is the use of
blockchain as a decentralised public ledger of votes for civic
developments and community projects. A government would
release a percentage of their annual budget in equal amounts to
local citizens as cryptocurrency. Each resident has the option
to create a new zone for a specific civic project, e.g. a new
recycling centre, community school and playground. When
residents are physically present in one of such zones they can
allocate a share of their cryptocurrency to the specific cause
or project. The council can then develop and build the next
community project or civic development based on community
preference (Figure 5b). The system empowers local residents
to actively take part in shaping their civic community, while
creating a transparent and fair platform for public spending.

As a GPS driven, networked web app, GeoCoin’s performance
is influenced by each individual’s device and service provider.
Newer phones could geolocate more quickly and more accurately, allowing them to claim coins before older models in
the same place—in one workshop, the most coins were collected by the owner of the newest smartphone. This accidental
hierarchy challenged participants to consider these implications on a more global and community scale than solely their
interactions, triggering debates about how digital technology
accidentally reconstructs social inequalities and wealth accumulation. Such issues of power were discussed and future
real-world scenarios considered, such as ‘state-issued devices’
to support economic equality and what implications this may
have if a location-based economic model became reality.
Evolving GeoCoin Factors into Smart Contract Condi-

GeoAid - Distributing Humanitarian Aid Directly

tions

Can blockchain technologies support the redistribution of humanitarian aid without the need for middlemen/organisations?
How could you directly donate to a small village or individual
farmer in need? GeoAid set out to use smart contracts to
address humanitarian aid distribution. Rather than pay money
to a charity without knowing how or where one’s donation
is allocated, people could set up a fund for a stated purpose
in a particular location. The public could then donate money
to these local funds from anywhere in the world, setting constraints on how they intended their contribution to be used.
Located within the specified radius of the fund (depending
on each fund’s initial setup and purpose), beneficiaries could
then withdraw money from the fund, showing how they were
using it. An initial prototype of this system was built (Figure
6) to highlight and critically debate issues surrounding accessibility, verification, control and power over such localised
wallets, in particular in less developed or disaster struck parts
of the world.

Participants also looked at different conditions for smart contracts. Environmental or temporal factors led to weatherdependant or day/night time dependant scenarios—parks that
charge more in the sunshine, or public transport that becomes
cheaper when it rains. Several participants wanted to modify
behaviour, for example rewarding environmentally friendly
or community building activities vs. penalising anti-social
actions. From considering such factors participants quickly
imagined them as smart contract conditions or algorithmic
rules that could be described as “If This Then That” style
scripts. For example, if a person cycled to a shop instead of
driving, the price of groceries could be reduced or carbon coins
could be earned. Although these services do not really require
a geolocated currency, the platform opened up discussion on
the usage of smart contracts in these contexts.

INSIGHTS FROM GEOCOIN WORKSHOPS

In this section we highlight how GeoCoin has supported
ideation and collaborative design processes.
Probing the Edges of the Platform

Despite being rough and ready, the concrete implementation
of the technology supported participants’ understanding of
its issues and potential opportunities. For example, seeing
how slowly balances changed helped participants interrogate
the way that trust is built up on blockchains. Working with
the idiosyncrasies of the real system was crucial to helping
demystify the black box.
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Influencing Behaviour

The platform helped participants to engage with critical issues
of location-based smart contracts. Some participants considered jaywalking to collect coins in the middle of a street,
leading them to decree that dangerous acts such as jaywalking
should not be rewarded. Other participants crossed streets to
avoid debit coins or walked back the same way they came because other directions were ‘blocked’ by debit coins or zones.
One participant chose a cafe in a credit zone in order to accumulate money while drinking coffee. This raised discussions
of the implications for businesses when citizens’ economic decision making processes are influenced by geo-located smart
contracts. At other times, participants found it very easy to be
unaware of the digital results of their actions—several people,
especially towards the beginning of the exercise found that
they had accrued a lot of debt without realising it.
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Looking inward, GeoCoin honed participant’s self-awareness
towards their smartphone usage and behaviour during the exercise, in particular staring at and following their phones. If on
one hand GeoCoin was seen as distracting from real-life experiences, it equally led to serendipitous explorations of new areas.
Participants described constructed relationships between the
digital objects and their real-world surroundings. For example, multiple coins were placed in an area home to several
charity shops. Although not planned, this brought up debates
about power, control and meaning, as participants questioned
how the coins were located, and who by—a faster version of
the recently documented gradual public understanding of the
sociological implications of playing Pokemon Go [1].
DISCUSSION
Value of Ideating with GeoCoin

The use of the GeoCoin app to engage participants in a series
of workshops offered opportunities to imagine, speculate and
ideate with complex infrastructures through an accessible and
open ended format. As identified by Elsden et al. [15], one
key aim for future HCI research is to engage participants in
novel blockchain designs through speculative and experiential
methods. A crucial factor to achieve this is the use of smart
contracts ‘in the wild’ [9], raising real-world concerns and
drawing connections to broader societal issues.
GeoCoin draws from a number of existing methods and techniques, from probes and experience prototyping to participatory design. It borrows elements of probes, as it offers an
open-ended experience for participants. While experience prototypes and probes are often focused on gaining understanding
of participants’ perceptions, GeoCoin attempts to provide an
informed experience of smart contracts and invite participants
to intervene in or extend the system. Instead of evaluating
participants’ experience [6] or collecting data [19, 24, 51], the
aim was to mediate learning so that participants would feel
empowered to apply smart contracts creatively. This invitation
for creative thinking and appropriation also goes beyond the
definition as experience prototypes [6]. In this sense, GeoCoin
differs from these approaches in terms of intention, delivery
and outcomes. While GeoCoin invites intervention and re-use,
the open-ended nature of the outcomes stand in contrast with
participatory or co-design methods, which often aim to involve
stakeholders to solve a particular problem.
Through the experience, appropriation, design, modification,
and testing of their own concepts, participants were able to
learn and express new understandings about their environments, social contexts, and economic and political concerns
in relation to smart contracts. Although participants’ ideation
with GeoCoin may relate to aspects of Speculative Design [3]
and Design Fictions [5] in their creative applications and
speculative narratives, the platform itself is not understood
as such. In the resulting projects, even though future impact of
these technologies were considered, participants tested ideas
with technologies and infrastructures that are already available to them. By being programmed on an actual Bitcoin or
Ethereum platform, the real nature of such monetary transactions grounded this prototype in a very real and present
interaction experience.
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Instead of a probe, experience prototype or co-design method
we propose to refer to GeoCoin as an unfinished software,
an open system that invites appropriation and translation of
complex technologies into participants’ own ideations.
Engaging with Smart Contracts in the City

Working with smart contracts allowed workshop participants
to interrogate values by viewing them through practical yet disruptive lenses. It would have been challenging to immediately
jump into redefining marriage, or supporting more transparent aid distribution, without the technological infrastructure
to ideate around. The workshops led to a number of smart
contract ideas that ranged in their applicability and validity,
from highly feasible to more speculative designs. These ideas
addressed many social, cultural and economic concerns, and
were critically debated regarding wider social, environmental
and political implications.
There was an understandable bias towards applications that engaged with the city and it’s inhabitants. Most projects focused
on the promise of the blockchain to democratise resources
and services via grassroots, community-based peer-to-peer
systems. Generally, most participants took a more critical position than seen in mainstream development of the smart cities.
For example, while UNICEF is looking to deploy Ethereum for
transparency in aid, the GeoAid project aimed to critically explore how such technology could bring different stakeholders
together to investigate issues around current aid distribution.
The way these ideas developed throughout the process, and
the discussion surrounding them, demonstrates how a practical
experience with unfinished software can support an informed
ideation process without stifling creativity. Without this support, ideation can sometimes lead to an idealisation of technology, where participants model the infrastructure to work
‘perfectly’. It can also lead to designs that simply follow mainstream media narratives of technology. By implementing and
testing these ideas, however, participants experienced the gap
between mental models and the world, and between promises
and delivery of these technologies. Some unexpected findings
– such as the scenario where a faster phone would collect more
coins – pushed the participants to consider social and ethical
questions that they would not have otherwise engaged with.
By facilitating participant engagement, tools such as GeoCoin
lead to a more varied range of applications, manifesting concerns of a more diverse set of stakeholders, and challenging
the dominant narratives of technological solutionism.
Design for Unfinishedness

With GeoCoin, we worked on two dimensions of unfinishedness: a) the platform, particularly in its first version, was
somewhat rough and ready, lacking controls and presenting
an interface that was unpolished enough that people could
imagine modifying it. While there is much literature about the
impact of the level of finish on inviting criticism and change
(e.g. [7]), the refinement of GeoCoin in the second iteration
of the prototype had little impact on ideas generated by participants. b) the experience provided by the application was
somehow a sketch, with minimal functionality and a system
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that was solid enough to provide the experience of using a technology that triggers smart contracts. We did not give explicit
reasons or goals for the existence of contracts in particular
places, instead leaving it open for the participants to debate
what might be intended.
GeoCoin trod a path between being plausible and rich enough
to engage people, but leaving enough rough edges and space in
the experience so that participants were comfortable and even
compelled to change the system. The open-ended application
helped people think through issues as well as benefits, letting
them extend out to ideating for smart contracts, smart cities
and completely different contexts.
The system explored ambiguity of relation [20], leaving room
to imagine alternative interpretations, leading on to developing their own responses. The unfinished state of GeoCoin
allowed participants to imagine, design, develop and own the
applications developed on top of it. Similarly to Aravena’s
houses, a finished software would focus on people’s practices,
an unfinished one would focus on triggering their imagination.
IN SUMMARY

In this paper, we have introduced GeoCoin, an example of
unfinished software aimed at creating a shared environment for
speculative ideating and collaborative designing with locationbased smart contracts. We contribute to the HCI community
by developing the concept of unfinished software. In particular,
we have used it to:
• Make smart contracts experientially accessible to nonspecialists. We have discussed how this experiential prototype can support non-specialists in understanding complex
technological systems such as smart contracts.
• Explore values and concerns of smart contracts for smart
cities. We have discussed insights from a series of GeoCoin
workshops with a number of audiences ranging from arts
organisations, artists, designers to academics, industry and
blockchain experts.
• Allow participants to ideate with smart contracts. We have
presented a series of design ideas emerging from the workshops which shows how GeoCoin facilitated participant
engagement in ideation and design processes, through the
concept of open, unfinished software.
GeoCoin.site is freely available to HCI researchers as a web
platform for creating open geo-located smart contract experiences. More generally, we demonstrate how employing unfinished software platforms can engage non-specialist audiences
in location-based value exchange and peer-to-peer systems in
a way that is meaningful and empowering to them.
Acknowledgements

Thanks to all the participants and their creative engagement
with GeoCoin. In particular, thanks to Corina Angheloiu, Max
Dovey, Brett Matulis, Hanna Obracht-Prondzynska, James
Stewart, Eileen Wagner and Dorota Kamrowska-Zaluska for
the above described ideas. This work was funded by a UK
ESRC grant After Money (ES/N007018/1), supported by the
B-IoT strategic project part of the EPSRC PETRAS hub
(EP/N02334X/1).

Paper 163

CHI 2018, April 21–26, 2018, Montréal, QC, Canada

REFERENCES

1. Omari Akil. 2017. Warning: Pokemon GO is a Death
Sentence if you are a Black Man. https:
//medium.com/mobile-lifestyle/warning-pokemon-go-is-adeath-sentence-if-you-are-a-black-man-acacb4bdae7f .

(2017). Accessed: 2017-09-19.
2. Cristina Ampatzidou, Matthijs Bouw, Froukje van de
Klundert, Michiel de Lange, and Bastiaan Gerard Martijn
Waal. 2014. The Hackable City: A Research Manifesto
and Design Toolkit. Knowledge Mile.
3. James Auger. 2013. Speculative design: crafting the
speculation. Digital Creativity 24, 1 (2013), 11–35. DOI:
http://dx.doi.org/10.1080/14626268.2013.767276

4. Kamanashis Biswas and Vallipuram Muthukkumarasamy.
2016. Securing Smart Cities Using Blockchain
Technology. In 2016 IEEE 18th International Conference
on High Performance Computing and Communications;
IEEE 14th International Conference on Smart City; IEEE
2nd International Conference on Data Science and
Systems (HPCC/SmartCity/DSS). 1392–1393. DOI:
http://dx.doi.org/10.1109/HPCC-SmartCity-DSS.2016.0198

5. Julian Bleecker. 2009. Design fiction. A short essay on
design, science, fact and fiction. Near Future Laboratory
(2009).
6. Marion Buchenau and Jane Fulton Suri. 2000. Experience
Prototyping. In Proceedings of the 3rd Conference on
Designing Interactive Systems: Processes, Practices,
Methods, and Techniques (DIS ’00). ACM, New York,
NY, USA, 424–433. DOI:
http://dx.doi.org/10.1145/347642.347802

7. Bill Buxton. 2010. Sketching user experiences: getting
the design right and the right design. Morgan Kaufmann.
8. Ruth Catlow, Marc Garrett, Nathan Jones, and Sam
Skinner (Eds.). 2017. Artists Re:thinking the Blockchain.
Liverpool University Press.
9. Alan Chamberlain, Andy Crabtree, Tom Rodden, Matt
Jones, and Yvonne Rogers. 2012. Research in the Wild:
Understanding ’in the Wild’ Approaches to Design and
Development. In Proceedings of the Designing
Interactive Systems Conference (DIS ’12). ACM, New
York, NY, USA, 795–796. DOI:
http://dx.doi.org/10.1145/2317956.2318078

10. Nazlı Cila and Gabriele Ferri. 2017. Centre for Design
Informatics: Blockchain City. In A Lab of Labs. Methods
and Approaches for a Human-Centered Design, Gabriele
Ferri and Martijn de Waal (Eds.). Amsterdam Creative
Industries Publishing, 59–67.
11. The DAO. 2016. The DAO. https://archive.is/Ld33p.
(2016). Accessed: 2017-09-19.
12. Michiel De Lange and Martijn De Waal. 2013. Owning
the city: New media and citizen engagement in urban
design. First Monday 18, 11 (2013). DOI:
http://dx.doi.org/10.5210/fm.v18i11.4954

Page 8

CHI 2018 Paper

13. Thomas Dickerson, Paul Gazzillo, Maurice Herlihy, and
Eric Koskinen. 2017. Adding Concurrency to Smart
Contracts. In Proceedings of the ACM Symposium on
Principles of Distributed Computing (PODC ’17). ACM,
New York, NY, USA, 303–312. DOI:
http://dx.doi.org/10.1145/3087801.3087835

14. Will Dunn. 2017. The rise and fall of The DAO, the first
code-based company. http:
//tech.newstatesman.com/feature/dao-code-based-company.
(2017). Accessed: 2017-09-19.
15. Chris Elsden, Arthi Manohar, Jo Briggs, Mike Harding,
Chris Speed, and John Vines. 2018. Making Sense of
Blockchain Applications: A Typology for HCI. In
Proceedings of the 36th Annual ACM Conference on
Human Factors in Computing Systems (CHI ’18). DOI:
http://dx.doi.org/10.1145/3173574.3174032

16. Haakon Faste, Nir Rachmel, Russell Essary, and Evan
Sheehan. 2013. Brainstorm, Chainstorm, Cheatstorm,
Tweetstorm: New Ideation Strategies for Distributed HCI
Design. In Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems (CHI ’13). ACM,
New York, NY, USA, 1343–1352. DOI:
http://dx.doi.org/10.1145/2470654.2466177

17. Batya Friedman and David Hendry. 2012. The
Envisioning Cards: A Toolkit for Catalyzing Humanistic
and Technical Imaginations. In Proceedings of the
SIGCHI Conference on Human Factors in Computing
Systems (CHI ’12). ACM, New York, NY, USA,
1145–1148. DOI:
http://dx.doi.org/10.1145/2207676.2208562

18. Xianyi Gao, Gradeigh D. Clark, and Janne Lindqvist.
2016. Of Two Minds, Multiple Addresses, and One
Ledger: Characterizing Opinions, Knowledge, and
Perceptions of Bitcoin Across Users and Non-Users. In
Proceedings of the 2016 CHI Conference on Human
Factors in Computing Systems (CHI ’16). ACM, New
York, NY, USA, 1656–1668. DOI:
http://dx.doi.org/10.1145/2858036.2858049

19. Bill Gaver, Tony Dunne, and Elena Pacenti. 1999.
Design: Cultural Probes. interactions 6, 1 (Jan. 1999),
21–29. DOI:http://dx.doi.org/10.1145/291224.291235
20. William W. Gaver, Jacob Beaver, and Steve Benford.
2003. Ambiguity As a Resource for Design. In
Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (CHI ’03). ACM, New
York, NY, USA, 233–240. DOI:
http://dx.doi.org/10.1145/642611.642653

21. Michael Golembewski and Mark Selby. 2010. Ideation
Decks: A Card-based Design Ideation Tool. In
Proceedings of the 8th ACM Conference on Designing
Interactive Systems (DIS ’10). ACM, New York, NY,
USA, 89–92. DOI:
http://dx.doi.org/10.1145/1858171.1858189

22. Steve Huckle, Rituparna Bhattacharya, Martin White, and
Natalia Beloff. 2016. Internet of Things, Blockchain and

Paper 163

CHI 2018, April 21–26, 2018, Montréal, QC, Canada

Shared Economy Applications. Procedia Computer
Science 98, Supplement C (2016), 461 – 466. DOI:http:
//dx.doi.org/https://doi.org/10.1016/j.procs.2016.09.074

23. George F. Hurlburt and Irena Bojanova. 2014. Bitcoin:
Benefit or Curse? IT Professional 16, 3 (May 2014),
10–15. DOI:http://dx.doi.org/10.1109/MITP.2014.28
24. Hilary Hutchinson, Wendy Mackay, Bo Westerlund,
Benjamin B. Bederson, Allison Druin, Catherine Plaisant,
Michel Beaudouin-Lafon, Stéphane Conversy, Helen
Evans, Heiko Hansen, Nicolas Roussel, and Björn
Eiderbäck. 2003. Technology Probes: Inspiring Design
for and with Families. In Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems
(CHI ’03). ACM, New York, NY, USA, 17–24. DOI:
http://dx.doi.org/10.1145/642611.642616

25. Simona Ibba, Andrea Pinna, Matteo Seu, and
Filippo Eros Pani. 2017. CitySense: Blockchain-oriented
Smart Cities. In Proceedings of the XP2017 Scientific
Workshops (XP ’17). ACM, New York, NY, USA, Article
12, 5 pages. DOI:
http://dx.doi.org/10.1145/3120459.3120472

26. IDEO. 2003. IDEO Method Cards: 51 Ways to Inspire
Design. https://www.ideo.com/post/method-cards. (2003).
Accessed: 2017-09-19.
27. Caroline Jaffe, Cristina Mata, and Sepandar Kamvar.
2017. Motivating Urban Cycling Through a
Blockchain-based Financial Incentives System. In
Proceedings of the 2017 ACM International Joint
Conference on Pervasive and Ubiquitous Computing and
Proceedings of the 2017 ACM International Symposium
on Wearable Computers (UbiComp ’17). ACM, New
York, NY, USA, 81–84. DOI:
http://dx.doi.org/10.1145/3123024.3123141

28. Jiong Jin, Jayavardhana Gubbi, Slaven Marusic, and
Marimuthu Palaniswami. 2014. An Information
Framework for Creating a Smart City Through Internet of
Things. IEEE Internet of Things Journal 1, 2 (April
2014), 112–121. DOI:
http://dx.doi.org/10.1109/JIOT.2013.2296516

29. Joseph Lindley. 2015. Crypto Heater: A Design Fiction.
In Proceedings of the 2015 ACM SIGCHI Conference on
Creativity and Cognition (C&C ’15). ACM, New York,
NY, USA, 355–356. DOI:
http://dx.doi.org/10.1145/2757226.2757367

30. Loi Luu, Duc-Hiep Chu, Hrishi Olickel, Prateek Saxena,
and Aquinas Hobor. 2016. Making Smart Contracts
Smarter. In Proceedings of the 2016 ACM SIGSAC
Conference on Computer and Communications Security
(CCS ’16). ACM, New York, NY, USA, 254–269. DOI:
http://dx.doi.org/10.1145/2976749.2978309

31. Deborah Maxwell, Chris Speed, and Dug Campbell.
2015. ’Effing’ the Ineffable: Opening Up Understandings
of the Blockchain. In Proceedings of the 2015 British
HCI Conference (British HCI ’15). ACM, New York, NY,
USA, 208–209. DOI:
http://dx.doi.org/10.1145/2783446.2783593

Page 9

CHI 2018 Paper

32. Deborah Maxwell, Chris Speed, and Larissa Pschetz.
2017. Story Blocks: Reimagining narrative through the
blockchain. Convergence 23, 1 (2017), 79–97. DOI:
http://dx.doi.org/10.1177/1354856516675263

33. Sarah Meiklejohn, Marjori Pomarole, Grant Jordan, Kirill
Levchenko, Damon McCoy, Geoffrey M. Voelker, and
Stefan Savage. 2013. A Fistful of Bitcoins:
Characterizing Payments Among Men with No Names.
In Proceedings of the 2013 Conference on Internet
Measurement Conference (IMC ’13). ACM, New York,
NY, USA, 127–140. DOI:
http://dx.doi.org/10.1145/2504730.2504747

34. Matthias Mettler. 2016. Blockchain technology in
healthcare: The revolution starts here. In 2016 IEEE 18th
International Conference on e-Health Networking,
Applications and Services (Healthcom). 1–3. DOI:
http://dx.doi.org/10.1109/HealthCom.2016.7749510

35. Angela Monaghan. 2017. Bitcoin is a fraud that will blow
up, says JP Morgan boss.
https://www.theguardian.com/technology/2017/sep/13/
bitcoin-fraud-jp-morgan-cryptocurrency-drug-dealers.

(2017). Accessed: 2017-09-19.
36. Michael J. Muller. 2003. The Human-computer
Interaction Handbook. (2003), 1051–1068.
http://dl.acm.org/citation.cfm?id=772072.772138

37. Satoshi Nakamoto. 2008. Bitcoin: peer to peer electronic
cash system. https://bitcoin.org/bitcoin.pdf. (2008).
Accessed: 2017-09-19.
38. Arvind Narayanan, Andrew Miller, and Song Han. 2016.
Research for Practice: Cryptocurrencies, Blockchains,
and Smart Contracts; Hardware for Deep Learning.
Queue 14, 6, Article 60 (Dec. 2016), 43–55 pages. DOI:
http://dx.doi.org/10.1145/3028687.3043967

39. Bettina Nissen, Kate Symons, Ella Tallyn, Chris Speed,
Deborah Maxwell, and John Vines. 2017. New Value
Transactions: Understanding and Designing for
Distributed Autonomous Organisations. In Proceedings
of the 2017 ACM Conference Companion Publication on
Designing Interactive Systems (DIS ’17 Companion).
ACM, New York, NY, USA, 352–355. DOI:
http://dx.doi.org/10.1145/3064857.3064862

40. Gareth W. Peters and Efstathios Panayi. 2016.
Understanding Modern Banking Ledgers Through
Blockchain Technologies: Future of Transaction
Processing and Smart Contracts on the Internet of Money.
Springer International Publishing, Cham, 239–278. DOI:
http://dx.doi.org/10.1007/978-3-319-42448-4_13

41. Matthew Ponsford. 2017. Award-winning architect builds
’half houses’, says slums should inspire.
http://www.reuters.com/article/us-latam-housingarchitecture/award-winning-architect-builds-halfhouses-says-slums-should-inspire-idUSKCN0YI1JG.

(2017). Accessed: 2017-09-19.
42. Larissa Pschetz, Ella Tallyn, Rory Gianni, and Chris
Speed. 2017. Bitbarista: Exploring Perceptions of Data

Paper 163

CHI 2018, April 21–26, 2018, Montréal, QC, Canada

Transactions in the Internet of Things. In Proceedings of
the 2017 CHI Conference on Human Factors in
Computing Systems (CHI ’17). ACM, New York, NY,
USA, 2964–2975. DOI:
http://dx.doi.org/10.1145/3025453.3025878

43. Elizabeth B.-N. Sanders and Pieter Jan Stappers. 2014.
Probes, toolkits and prototypes: three approaches to
making in codesigning. CoDesign 10, 1 (2014), 5–14.
DOI:http://dx.doi.org/10.1080/15710882.2014.888183
44. Paul Sawers. 2017. Spotify acquires Mediachain.
https://venturebeat.com/2017/04/26/spotify-acquiresmediachain-to-develop-blockchain-technology-thatmatches-royalties-with-rightsowners/. (2017). Accessed:

2017-09-19.
45. Trebor Scholz. 2016. Platform cooperativism.
Challenging the corporate sharing economy. New York,
NY: Rosa Luxemburg Foundation (2016).
46. Phoebe Sengers and Bill Gaver. 2006. Staying Open to
Interpretation: Engaging Multiple Meanings in Design
and Evaluation. In Proceedings of the 6th Conference on
Designing Interactive Systems (DIS ’06). ACM, New
York, NY, USA, 99–108. DOI:
http://dx.doi.org/10.1145/1142405.1142422

47. Laura Shin. 2016. How The Blockchain Will Transform
Everything From Banking To Government To Our
Identities. https://www.forbes.com/sites/laurashin/2016/
05/26/how-the-blockchain-will-transform-everythingfrom-banking-to-government-to-our-identities/. (2016).

Accessed: 2017-09-19.
48. Los Silva. 2016. The Future Is Now: Smart Cities on the
Ethereum Blockchain.
https://www.ethnews.com/the-future-is-now-smartcities-on-the-ethereum-blockchain. (2016). Accessed:

2017-09-19.
49. Rasmus Svennson and Hanna Nilsson. 2017. The Block
is the Successor to the Book: A publishing proposal.
http://rhizome.org/editorial/2015/nov/17/the-block-isthe-successor-to-the-book-a-publishing-proposal/.

(2017). Accessed: 2017-09-19.
50. Bas Van Abel, Lucas Evers, Peter Troxler, and Roel
Klaassen. 2014. Open design now: Why design cannot
remain exclusive. BIS Publishers.
51. Jayne Wallace, John McCarthy, Peter C. Wright, and
Patrick Olivier. 2013. Making Design Probes Work. In
Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems (CHI ’13). ACM, New
York, NY, USA, 3441–3450. DOI:
http://dx.doi.org/10.1145/2470654.2466473

52. Andrea Zanella, Nicola Bui, Angelo Castellani, Lorenzo
Vangelista, and Michele Zorzi. 2014. Internet of Things
for Smart Cities. IEEE Internet of Things Journal 1, 1
(Feb 2014), 22–32. DOI:
http://dx.doi.org/10.1109/JIOT.2014.2306328

Page 10

