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1 INTRODUCTION
Blockchain systems are complex. As an example, the Ethereum network [151] includes a digital
ledger of transactions and other features that enable a cryptocurrency, a Turing complete program-
ming language that runs on top of this, with its own currency, all supported by a system of miners
who turn computational power into cryptocurrency, and a secondary network of organisations that
help move money into and out of the network. This is a mixture of human and technological actors,
with multiple, conflicting goals and reasons for participating. To make sense of the whole system
requires a combination of specialised cryptographic reasoning, distributed systems thinking and
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2 Murray-Rust, et. al.

game theory, along with a socioeconomic treatment of why and how people participate in the sys-
tem, and what the potential real-world applications are. This combined viewpoint is not accessible
to many people, hence multiple di�erent understandings of the blockchain proliferate, covering
di�erent aspects. However, these systems are the subject of great hopes for radical transformation.
The UK Government's Walport Report states:

�In distributed ledger technology, we may be witnessing one of those potential explo-
sions of creative potential that catalyse exceptional levels of innovation. The technology
could prove to have the capacity to deliver a new kind of trust to a wide range of ser-
vices. As we have seen open data revolutionise the citizen's relationship with the state,
so may the visibility in these technologies reform our �nancial markets, supply chains,
consumer and business-to-business services, and publicly-held registers.�[147]

The current focus of much research steers towards scienti�c or technical solutions and systems,
and the algorithmic or game theoretic functioning of consensus algorithms. Alongside this, in
order to develop a clear picture of how, when and why to employ this technology, it is necessary
to look at the broader context in which blockchains may be used and understood. In particular,
we are interested in how we can develop public understanding of the technologies, partly in their
functions, but also in their implications - what are the possibilities for a world in which these
decentralised, `trustless' systems are common? This �ts with the UK government's Holmes report:

�[Distributed Ledger Technology] presents us with an opportunity not just to consider
how we might make what government currently does better, but to rethink what
government can and should be doing to promote democratic engagement and the
welfare of UK citizens and to stimulate and strengthen the UK economy� [68]

This sense of possibility is driven by the way that the technical potentials of blockchain systems
are understood: as ways to decentralise systems, empowering people and enhancing their agency;
to democratise transactions through disintermediation; to support artists by tracking sales and
re-use; to develop increasingly autonomous objects that can make their own transactions; and
ultimately to completely rewrite legal and social structures as formal code.

The set of speculations is broad, and many of the promises made are impossible, undesirable or
both. There is a need to engage publics with these propositions, to understand and develop the
new economic imaginaries [130] and socio-technical possibilities currently being thought through:

�As with most new technologies, the full extent of future uses and abuses is only
visible dimly. And in the case of every new technology the question is not whether the
technology is `in and of itself' a good thing or a bad thing. The questions are: what
application of the technology? For what purpose? And applied in what way and with
what safeguards?� [Walport, 147]

In this paper, we are concerned with how we can use design, with its associated toolkits of
research and public engagement methods as a way to both articulate to the public some of the
meanings and possibilities of this new technology, and to co-create innovation and understanding
with the practitioners. We believe the interdisciplinary nature of design and HCI research o�ers a
lens to hold new technologies to account, engage participants, and expand imagination [40]. Just
as blockchain is allowing the rethinking of existing practices, we are interested in how design
helps researchers and publics alike to rethink their conceptualisations (c.f. Barry et. al's logic of
ontology [4]) and create space for deeper ideation and engagement. To develop this, we engage
in experiential work, that brings people into the system in order to engage with knowledge. As
Barad puts it:�We do not obtain knowledge by standing outside the world; we know because �we� are
of the world. We are part of the world in its di�erential becoming.�[3]. Through the creation of new
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experiences through which stakeholders can meaningfully engage, design gives a tool to navigate
the space between technological hype and froth on one hand, and dystopian fears on the other.

The key contribution of this paper is bringing together and analysing a collection of work from
the Centre for Design Informatics in Edinburgh University, covering projects from 2014 to the
current day. This work is brought together as anannotated portfolio[13, 58], from which a range
of themes are drawn out and analysed. This approach is warranted here due to the complexity of
blockchain systems � carrying out design work in the space involves dealing with value exchange,
cryptographic security, decentralised and distributed systems, network infrastructures and more.
This portfolio includes work based on a range of di�erent design methods from probes to design
�ctions and group workshops, with di�erent manifestations such as artefacts, prototypes and games,
spanning a range of levels of technical �delity. Some are small prototypes, that pick up certain
aspects of the technology, and articulate them through provocative objects. Some are larger studies
about the relations between people and blockchains that are manifested as interactive experiences
and physical things, while others are public engagement workshops, that try to translate the
complex infrastructures into forms that encourage public participation.

Combining multiple projects allows for an analysis of the factors that make experiences work,
including i) traditional designerly concerns such as tangibility or transparency, the use of role-play
and seamfullnes; ii) speci�c concerns for working with blockchains around �delity, abstraction
and contextualisation; and iii) broader concerns around value exchange and re-imagining society.
This allows us to paint a broad picture of the interconnected issues and concerns that arise around
complex socio-technical infrastructures in a way that is not possible with individual pieces of
work. We demonstrate the richness, complexity and diversity of knowledge that can be gained by
applying a range of approaches to a single technological locus.

In particular, this allows us to engage with four main questions that run through the work:

� How to go about the design of blockchain systems, in particular, connecting them to real-
world contexts of use and interactions with humans?

� How to involve a wider audience in meaningful critique, ideation and design of blockchain
technologies?

� What aspects of blockchain technology can be generalised to support the design of other
network infrastructures?

� How can design work around blockchains extend our envisioning of technological and social
futures?

The paper is structured as follows: First, we introduce a short survey of relevant work exploring
implications of blockchains through social studies and creative practice (Section 2). Next, we
introduce the setup of our annotated portfolio and the key design methods used across the projects
(Section 3). We then present the portfolio as four groups of related projects, covering i) understanding
blockchains (Section 4); ii) public engagement around blockchains (Section 5); iii) co-creation of
system rules (Section 6); and iv) the development of autonomous objects (Section 7). For each
group of projects, we detail their context and the questions they set out to explore, and then draw
out themes and understandings gained through the projects. This is then brought together into a
discussion (Section 8) along the four questions given above, looking towards rethinking value and
values, developing autonomous systems, understanding the imaginaries surrounding blockchain
and the move towards automated societies.

Due to the length and format of the paper, we suggest some reading journeys for exploring
di�erent aspects of the work, as it is not necessary to read it as a complete text. We would suggest:
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� For those new to Blockchain and HCI, the background and related work (Section 2) provides
an overview to the core technologies and methods, which should enable an exploration of
individual projects of interest.

� For HCI researchers looking to engage with blockchains and DLTs, the text that accompanies
each block of the portfolio (e.g. Sections 4.1-4.7) surfaces key HCI issues alongside the projects
where they emerged.

� For engineers and creators of blockchain systems, the discussion (Section 8) and in particular
the sections on learning about design around blockchain systems (Sections 8.1 and 8.2) give
an overview of key strategies and point back to the projects of interest.

2 BACKGROUND AND RELATED WORK

To set the scene for our annotated portfolio, we start by introducing some key terms, features and
debates regarding blockchain technologies and decentralisation which have set the scene for our
work since 2014. We then give a brief survey of the wide range of artistic and design-led practice
which have expanded the understanding and imaginaries of these technologies and infrastructures.
Finally, and crucially, we identify speci�c areas of prior work in HCI and design that this portfolio
builds upon and extends.

2.1 Introducing Blockchains and DLT

As a class of technologies, blockchains and DLTs have been extensively analysed and summarised
in a range of disciplines, both technically, and as `disruptive' `general purpose' technologies which
are envisaged to transform whole industries [29, 80]. As a very brief sample, Swan [133] provides
one of the earliest overviews of how the technology that emerged as a cryptocurrency in 2009
through the Bitcoin Blockchain [107], could become the basis for all manner of contracts, and
ultimately a source of distributed governance. Swanson [134] details key distinctions between
permissioned and permissionless ledgers. Tschorsch and Scheuermannn have conducted a technical
survey of decentralized digital currencies [142] while Garay et al. [57] provide a canonical analysis
of the Bitcoin protocol. As a less technical, but more comprehensive general overview, Rauchs et
al. [120] o�er a conceptual framework of Distributed Ledger Technologies in an e�ort to re�ne
terminology and bring order to a vastly expanding �eld of applications with quite varying qualities.
Finally, there are also a plethora of domain-speci�c summaries, such as Dunphy et al.'s overview of
blockchain applications for identity management [35].

It is a challenge to give a concise and complete account of a blockchain system, and the gap
between `a blockchain is just a database that can only be appended to' and a full technical knowledge
of the details is large. The Ethereum network [151] consists of: i) a distributed ledger that records
transactions immutably; ii) a consensus algorithm for determining which transactions should be
honoured; iii) a Turing complete programming language for creating programs to be executed in a
distributed manner; iv) a cryptocurrency that makes use of the distributed ledger, with a secondary
currency to manage execution of distributed programs; v) a collection of miners, who enable the
network by contributing processing power; and more. In order to orient the reader to some of
the key features of blockchain technologies, we provide an overview diagram and glossary of key
terms in Appendix 10, but the takeaway here is that the system is composed of many di�erent
actors and technologies, operating at di�erent levels with di�erent logics.

Beyond these more technical de�nitions, we wish to brie�y address some of the signi�cant
debates and imaginaries that have fuelled research, hype and discussion of blockchain technologies.
It should also be noted that this work took place before the explosion and crash in the price of
Bitcoin in 2020/2021, the growing awareness of the ecological impact of proof-of-work mining, or
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rise of `NFTs' with Beeple selling an artwork for $69M and Tim Berners-Lee selling an imaging of
the world wide web source code for $5.4M[82, 144].

Most evidently, the emergence of Bitcoin in the wake of the 2008 �nancial crisis has inspired
waves of envisioning alternative digital currencies and the future of the global �nancial system. Kow
and Lustig [88] recount competing visions within the Bitcoin community about how to ensure the
sustainability, prevalence and accessibility of the network. Through eight `MoneyLab' conferences,
the Institute of Network Cultures has produced two compelling `readers' [63, 93] charting the
vast possibilities of cryptocurrencies, from Bitcoin Maximalism (where Bitcoin ultimately replaces
�at currency), to `common-coins' for communities of shared values such as FairCoin1, and more
corporate visions such as Facebook's `Libra' network2.

Besides currency applications speci�cally, DLTs have spurred the conception of various `token
economies', where actions and behaviours on a platform are regulated and incentivised by a token
or coin, with various embedded rules and possible values. In the �rst instance, token economies
o�ered a vehicle for initial investment in blockchain-based start-ups through controversial `Initial
Coin O�erings' (ICOs). However, platforms such as Brave3 demonstrate how token economies
might be con�gured to revolutionise internet publishing. Such visions are compelling, but also
speak to interactions that are deeply `�nancialised' [143] and premised on individuals acting in
rational and economic self-interest.

A striking and confounding feature of blockchain technologies is how they simultaneously
appeal to deeply libertarian ideals [81] of independence from state governance, as well as more
socialist envisioning of equitably shared commons [25, 100, 113]. Similarly, there are deep ideo-
logical tensions between wholly independent and `permissionless' networks developed outside of
institutions and state regulation (e.g. Bitcoin) and corporate-led initiatives where the technology is
used to agree or enforce industry standards (e.g. IBM Hyperledger, Consensys).

Distributed Autonomous Organsiations (DAOs) are an interesting example of this: autonomous
code that can carry out �nancial trades or other actions without the need for or possibility of
human intervention. One of the highest pro�le of these, simply named �The DAO� gathered up
$250M of Ethereum tokens, 14% of the entire supply, but was quickly exploited, and the money
stolen. This resulted in a `hard fork', where a consensus emerged and participants in the Ethereum
network collectively decided to `roll back' all transactions and erase this bit of history from the
supposedly immutable ledger [37].

The potential use of blockchain technologies to manage personal identity data [34, 35] demon-
strates some of these tensions. In opposition to nation states, or global technology companies,
some look to the distributed consensus mechanisms of blockchain technologies as a platform for
`self-sovereign identity' � where one's identity is issued and controlled only by the individual
themselves, without relying on an external authority to prove this identity. These visions dovetail
with aspirations for a more open, peer-to-peer and distributed web [9, 125, 140]. Ideologically,
one's identity can therefore never be taken away or discredited by an authority. However, other
decentralised identity schemes take a di�erent path; they seek to make use of distributed ledgers
as a `tamper-resistant' records, through which trusted authorities can share their a�rmation or
`attestation' of di�erent identity attributes. While both systems a�ord the individual a more portable
record of their identity, this second system is heavily predicated on the sharing and reinforcement

1https://fair-coin.org/
2https://libra.org/en-US/white-paper/
3https://brave.com/
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of speci�c identity standards within existing regulatory frameworks. A particularly striking exam-
ple includes the World Food Program's `Building Blocks' program which encodes the identity of
refugees in camps through a retina scan in order to facilitate cash assistance [22].

Similar aspirations for `proof-as-a-service' and the trusted exchange of credentials extend to
registries of goods and global supply chains. It is envisaged that through chains of tamper-resistant
attestation a provenance of goods could be achieved and bring greater transparency. However, while
blockchain protocols may ensure that data shared `on-chain' is transparent and perpetual, these
systems ultimately depend on faithful representation of real-world `o�-chain' assets. Somewhat
paradoxically for a supposedly `trustless' technology, a deep trust is required across institutions to
make such infrastructure work.

These are only brief examples of complex debates, however they serve here to illuminate para-
doxical and contested character of blockchain technologies and their applications. This ambiguity
is only heightened by the abundance of visionary `White Papers' in contrast to the sparsity of
widely used applications. More than 10 years on from the emergence of Bitcoin, and despite vast
investments, the industry arguably remains embryonic. And while a great deal of critical work in
STS, political economy and infrastructure studies have analysed the prospects of these technologies
[30, 70, 76, 88, 90, 100, 113, 152], there is still much to understand about how they might be designed
and experienced by end-users and the implications of their widespread adoption in everyday life.

2.2 Expanding Public Imaginaries of Blockchains and DLT

Taken together � much of this prior work re�ects the very broad and systemic thinking that
underpins the emergence of this technology and the grapples in various domains to contemplate
the applications of such a disruptive technology. However, where there is far less prior work is in
the ways people will actually interact with and experience these technologies. The sector is replete
with visions, white papers and illustrative product videos; working examples and meaningful
real-world interactions (especially beyond cryptocurrency trading) are considerably more sparse.

Artists have often gone further in this regard. In `Artists Re:Thinking the Blockchain', the artists
collective Further�eld write:

�There is a curious equivalence between art's speculative abilities, to play with fact,
�ction, and abstraction, and the blockchain's own chimeric character. Both art and the
blockchain grapple with the instability of authorship and authenticity.� [18]

Indeed, it is striking how much more `real' and tangible some artistic projects have been, than
many aspiring blockchain start-ups. Further�eld's edited collection [18] demonstrates artists natural
desire to make and craft in order to understand new technologies. In doing so, many projects invite
attention to speci�c features of the technology, and o�er entry points for a general public to grasp
their signi�cance.

Several projects focus on the nature of `mining', and speci�cally the extreme energy costs involved
in doing so: Lindley's `CryptoHeater' [92] attached a mining rig to a radiator to generate heat;
Oliver's `Harvest'4 brought together wind turbines and miners to create Zcash from atmospheric
movement; and Bittercoin uses a calculator in order to be the worlds worst miner5.

Projects have also drawn attention to the human roles in what are often perceived as purely
technical infrastructures: Dovey's `Respiratory Mining'6 uses crypto-currencies to investigate
the role of the body in emerging �nancial systems and how the body can perform computational

4https://julianoliver.com/output/harvest
5https://escuderoandaluz.com/2016/03/03/bittercoin/
6https://maxdovey.hashbase.io/Respiratory_Mining/
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processes by using human respiration to mine crypto-currencies; Smith's BlockMirror7 combines
the viewer's re�ection with the act of mining currency to illustrate our value potential within this
system. It hints at a possible future where all aspects of our lives and our attention are commodi�ed
and mined for currency.

Moving away from explicit critique of the technology itself, some of the most provocative
artist work in this space has explored possible economic recon�gurations. Further�eld's `Artists
Re:thinking the Blockchain' collects multiple approaches including art and speculative design [18],
in particular the Plantoid - a blockchain based lifeform [50] and Terra0, a forest that is attempting
to buy and own itself [127]. This sense of autonomy and ownership is also seen in more plausible
systems, such as the Fairbike hire bikes that own themselves and commission more as needs
arise [97]. The DAOWO workshops have provided a speci�c venue for exploring the ways that
blockchains and critical artistic practice re�ect and shape each other8.

While many of these projects are of artistic or speculative nature, remaining abstract, provocative
concepts, they all powerfully re�ect and demonstrate the rich imaginaries that circulate through
blockchain technologies. These particular artistic instantiations, cut through purely theoretical or
technical imaginaries, and present compelling propositions. However, these provocative projects
only focus to a limited degree on engaging publics and exploring their actual interactions and
experience with blockchain technologies.

The work we present in this annotated portfolio is deeply inspired (and has sometimes been
undertaken in collaboration) with many of these artists. However, in our work we have prioritised
the practices of design and HCI research alongside public engagement. In this sense, our research
draws richly from artists' approaches, but crucially seeks to investigate and test out many of the
underpinning theories and technologies in these works.

2.3 HCI and Designing Interactions with Blockchain Technologies

The HCI community has approached studies of blockchain technologies in a number of ways. One
strand of work on Bitcoin and alternative currencies taps into a rich history of studying money,
�nance and peer-to-peer exchange [7, 15, 16, 19, 48, 49, 86, 87, 89, 114, e.g.].

Other work has looked more speci�cally at the Bitcoin community itself, with particular interests
in infrastructuring [88]. In particular, this work demonstrates the material and social factors
shaping the development, use and implications of what is often pre�gured as a purely technical
intervention [76, 81, 86, 95]. In this respect, the HCI community, as ever, plays a role in articulating
the importance of the human in the loop.

HCI and particularly design-led researchers have also sought to understand the opportunities
and implications of blockchain technologies in speci�c domains, such as: education [123], charity
and philanthropy [44, 45, 102], identity management [23, 34, 35, 154], supply chains and transport
[51, 77, 78, 115, 136], shared commons and civic participation [25, 39, 96].

With a focus on particular applications and communities of use, this work has also tended to
adopt more participatory, creative and bottom-up approaches that endeavour to involve end-users
in understanding and informing the design of this new class of technologies, such as performative
works and design �ctions [e.g.83]. Such approaches are a stark counterpoint to the often far-
removed and top-down envisioning prevalent in most blockchain start-ups.

Through a survey and typology of blockchain application areas for HCI researchers, Elsden et al.
[40] also propose the roles that HCI researchers may be well placed to play in advancing the �eld.
They propose the HCI community should hold these technologies to account, engage participants

7http://www.dominicsmith.info/the-block-mirror/
8http://www.daowo.org/
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around the technology, bring critical design knowledge and practice to bear on blockchain systems,
and expand the imaginaries around blockchains.

This is a wide brief - from technical understanding, to design and theoretical imaginaries, to
engaging with participants and end users on the ground. The diversity of such approaches was
embodied in a CHI 2018 workshop, on `HCI for Blockchains', captured in four manifestos [42].

In presenting this annotated portfolio, we endeavour to demonstrate a range of projects that
do one or all of these things. The projects we discuss provide exemplars for the HCI community,
and by looking across a number of projects, we show several di�erent approaches, as well as
accumulated learning that can guide HCI and design researchers in navigating research projects
on these complex technologies.. Our work also cuts across a number of the domains above - and
we see that although speci�c domains di�er, similar questions and challenges emerge. By looking
at all of the work as a whole, we can articulate the design strategies that work well for engaging
participants, the particularities of designing around blockchains, and synthesise a picture of the
social impacts of distributed ledger technologies.

3 AN ANNOTATED PORTFOLIO OF BLOCKCHAIN IMAGINARIES

The projects that we discuss here have emerged from a series of collaborations with partners
and organisations from both industry and academia including experts in computer science and
cryptography as well as �elds of HCI and business and organisational studies. The central strand is
understanding the relations between publics and blockchain technologies - starting from a core
understanding of how blockchain technologies work, but working towards a concern for social
worlds, how these technologies will manifest and be experienced in everyday life, engaging with
�the potential for surprise, imagination, and creativity, which is immanent in the openness of each
moment of experience� [153, p.184]. As such, a primary goal of our work is to engage various
publics and o�er non-experts the opportunity to experience, ideate and think creatively in relation
to blockchain technologies.

The way of working here is broadly within the domain ofresearch through design(RtD) a design-
led approach, which generates knowledge by a design-led approach, where knowledge is generated
through all stages of a design process, from initial ideation, through to the deployment of functioning
prototypes, probes and research products [55, 60]. Our participatory approach to RtD particularly
emphasises engaging with a wide variety of stakeholders and publics, alongside the more traditional
RtD focus on materials and objects.

This approach is used within studies of human computer interaction (HCI) [155], especially when
looking at work `in the wild' � aiming to study technology use in real-world contexts with likely
end-users [8, 122]. The type of research is often iterative in nature; active, participatory, playful and
performative [60] and its main aim is to allow publics to experience potential novel technologies and
their implications through experiential and embodied rather than purely academic or technical ways,
as Frayling put it: �How can I tell what I think till I see what I make and do?�[55]. As researchers
and practitioners who are focusing on engaging multiple audiences with concepts of blockchain
technology, design and creativity play an important role in creating engaging experiences for
our participants. And we as designers and HCI researchers agree that we should �take pride in
[design's] aptitude for exploring and speculating, particularizing and diversifying, and � especially
� its ability to manifest the results in the form of new, conceptually rich artefacts� [60].

There is a key challenge in presenting this kind of work as much of the value is embodied in
speci�c objects and situations. Many design researchers and academics have grappled with the
disconnect of experiential depth and its translation into written `knowledge'[60, 131], e.g. exploring
other forms of media [69, 94, 146]. One approach emerging from these debates, theannotated
portfoliosintroduced by [13] and [58] aims to present practice as a multi-layered, cumulative
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Fig. 1. Timeline of projects in this portfolio, categorised by the type of activity - public engagement, provoca-
tions and workshops.

collection of research artefacts to draw out shared concepts in a �descriptive, yet generative and
inspirational fashion� [13] that go beyond individual project �ndings. This allows a combination of
empirical studies, observational approaches and critical design work to be brought together � a
necessary practice to cover the combination of formal concepts, behaviour understandings and
speculation necessary to engage with emerging infrastructures such as blockchains:
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�If a single design occupies a point in design space, a collection of designs by the same
or associated designers � a portfolio � establishes an area in that space. Comparing
di�erent individual items can make clear a domain of design, its relevant dimensions,
and the designer's opinion about the relevant places and con�gurations to adopt on
those dimensions.� [58]

In order to work with di�erent communities, situations and research directions, a wide variety
of design-led approaches are deployed. The common thread is engaging people with these new
and complex technologies in accessible and experiential ways, looking beyond current technical
capabilities or issues (e.g. scaling, mining costs etc.) and critically re�ecting on the broader socio-
material practices, societal impact and meaningful future use of blockchain technologies. As such,
we have been inspired by a range of methods, while at the same time responding to contexts,
partners, aims and audiences of each project. Our key methods can be roughly summarised as
follows:

� Ideation and creative thinking, where we stimulate divergent thinking in new areas by using
ideation cards to suggest possibilities [64], bodystorming [111] for situated ideation, and
un�nished software [108] to support participants developing their own ideas about novel
infrastructure.

� Material interventions that use a variety of objects and tasks in order to understand partici-
pants sociologies, including technology probes [72], design probes [145] and cultural probes
[59].

� Provocations that help to generate new ideas by �nding ways to articulate new concepts
or defamiliarise existing ones, such as physicalising data [79] or other concepts, or using
provotypes � provocative prototypes � to elicit responses [11].

� Speculative works, whether design �ctions or speculative designs, that paint pictures of
possible worlds in order to support new ways of thinking [2, 10, 33, 38].

To help make sense of the multiple facets of this work, we have structured the portfolio in four
sections, which draw out di�erent concerns, with a narrative thread through them. The work
roughly follows a trajectory from simple through to complex, and from didactic to open-ended. We
have purposefully not followed a chronological order here (although this can be seen in Figure 1)
to draw out shared commonalities and valuable narratives for HCI.

The projects (Figure 1) have been thematically grouped into four areas, each of which builds on
the previous ones:

� Section 4 looks at workshops that develop public understanding of concepts behind blockchain
technology, from basic concepts (BlockExchange) through abstract notions (Attaching Strings)
to speci�c use cases (PizzaBlock and Caricrop).

� Section 5 looks at creating accessible public experiences that illustrate implications of
blockchain developments, through rethinking marriages (Happily Ever After (Bitcoin)), work
(After Money), donations (Seismic Seesaw) and socialising (KASH Cups).

� Section 6 explores how to engage people in creating the rules that systems work by, from
abstract concepts (IFTTW) through how charities work (Programmable Donations) and
creating geolocated currencies (GeoCoin)

� Section 7 develops the possibilities of autonomous objects, for location aware objects (GeoPact),
understanding supply chains (BitBarista) and negotiating with energy grids (GigBliss, Karma
Kettles).

To present the annotated portfolio, each project is described through a double page spread
combining text and images � these have been made visually distinct from the body text for clarity.
The analytic body text for each section sets up the context and intentions surrounding each group
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of projects, presents shared analysis over the projects, and motivates the next section. The �rst
stage of analysis was carried out on individual projects, as those involved drew out key learnings
and outcomes for that particular piece of work. These were then taken into discussion among the
authors of this paper, to work towards a coherent set of themes for each group of projects. Based
on these, as well as a holistic overview of the whole portfolio, the authors developed the �nal
discussion and key points. This means that the paper can be easily skimmed, by �icking through
the pictorial pages, or a particular group of projects can be explored in more depth.

4 UNDERSTANDING BLOCKCHAINS

Blockchains rely on complex cryptographic protocols, but also require systems-level thinking
across economics, mathematics and distributed technologies. To explore the full potential of
these technologies requires new ways of thinking, for example, considering radical new forms
of governance and organisation, set in opposition to traditional infrastructures and institutions
(e.g. the banking sector). This can lead to unearthing and reconsidering long held and forgotten
assumptions about how whole sectors of societies and economies function, such as unravelling the
tacit understanding of money and currency, revealing it as an abstract structure imposed on our
innate understanding of value and the need to exchange things.

However, working through ideas such as Merkle trees and hash functions is challenging to
many audiences, and is a barrier that limits who might be able to engage with the possibilities of
these technologies. We require ways to explain core blockchain concepts in a way that supports
non-experts in imagining future possibilities and implication without having to understand all
of the implementation details. Design methods can help both with ways to develop the technical
understanding and with the defamiliarisation [5] of existing practices, giving space to rethink them
with new metaphors.

In this section, we look at projects that abstract and distill key aspects or qualities of distributed
ledgers, whether simpli�ed metaphors for how blockchains are built or materialising concepts such
as self-sovereign identity.

Several of these were driven by working with non-academic partners in a wide range of domains,
who were both excited, and sceptical of the hype surrounding blockchain technologies, and often
began from a very limited conception of its potential scope and applications. The four workshops
tackle di�erent aspects of blockchain technologies in order to have relevance in di�erent domains
with di�erent stakeholders. They are structured to allow a detailed exploration of the questions
at hand, typically lasting 2-4 hours with a group of participants. As well as helping develop
understanding, these workshops are designed to open up discussion around alternatives to a
centralised status quo, supporting a grounded imagining of future possibilities.

BlockExchange (p. 13,14) starts with the fundamentals of making peer-to-peer transactions
on a public ledger [101]. It is intended to provoke new thinking of value exchange and lead
participants to consider what might happen if money is no longer the mainstay of value
exchange. The workshop has now been run many times for a broad range of audiences and
has been adapted to a variety of di�erent contexts, including an online pack of workshop
materials and instructions, that can be picked up and used by others.

Attaching Strings to Distributed Systems (p. 15) invites the exploration of distributed net-
works through material entanglements. Decentralised Autonomous Organisations (DAOs) are
�nancial organisations composed entirely through code - typically smart contracts running
on a blockchain. As such, they o�er interesting possibilities around transparency and fairness,
while raising challenges around relations, control and decision making [109, 110].
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PizzaBlock (p. 17) explores how a distributed ledger, maintained by a decentralized network
following a speci�c protocol, can support self-sovereign identities [119]. In most cases when
we make claims about our identity (e.g. our age, our address, a quali�cation) we rely upon
records generated and maintained by a third party, for example a government, bank or
technology company. Self sovereign identity systems aim to carry out the same job without
the need for a central authority. By using blockchain technology, this data can be made more
tamper-proof, and potentially allow the individual greater control and portability of their
data between multiple parties.

CariCrop (p. 19) was designed to critically understand how Distributed Ledger Technologies
(DLTs) could be designed to support socio-economic development in rural communities
particularly focusing on developing countries and the Caribbean region [115]. CariCrop
envisioned the use of Blockchain to ensure that transactions would continue to take place
within a trusted infrastructure while farmers waited for de facto payments to take place.

These four projects and workshop methods each tackle di�erent aspects of blockchain technology
and aim to make such complex and technical features more accessible and understandable to a
range of stakeholders. The key aspects we have addressed here are concepts of peer to peer value
exchange, publicly accountable ledgers, distributed network systems and self-sovereign identity
management.
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4.1 Common Themes

These workshops were conducted with a range of stakeholders, most often with individual or-
ganisations, who were keen to develop an understanding of blockchain technologies and their
potential within their organisation. The primary aims were to develop understanding and stimulate
and support ideation, to open out creative thinking with blockchain technology and its possible
applications for non-specialists. This often led to considering the deeper concepts that the emer-
gence of blockchain technology has provoked: around systems of governance and value exchange
that challenge the status quo; uprooting existing bastions of power and trust; and creating new
power dynamics through decentralising and democratising services currently monopolised by
small numbers of individual organisations.

In order to engage people with this complex mix of socio-technological concepts these workshops
have employed a number of strategies. Across the four workshops, we draw out some of the key
strategies, techniques and concerns here.

4.2 Roleplay and physical enactment

Role play is a key device to help participants understand systems by pretending to take part in them.
Simple interactions such as exchanging a resource card for Lego bricks, or recording a new pizza
making skill with a unique set of stickers and stamps provides a gateway to considering the possible
dynamics and outcomes of emerging practices around Blockchain systems. With PizzaBlock, a
starting point in a structured activity around making pizza helped participants understand how
trust can be derived through creating and maintaining a public ledger of transactions in the game.

The materials and the mapping process in Attaching Strings supported collaborative discussions
around distributed concepts as participants were able to externalise their ideas and share them with
other group members as they progressed through the mapping process. Making ideas physical, even
with simple materials, provided discussion points, and helped participants to formulate complex
concepts. With CariCrop, roleplaying around the app highlighted the habitual relationship among
stakeholders that could compromise the transformative power of the distributed ledger technologies.
Enacting the system helped not only to connect with the future possibilities, but also highlight the
frictions in getting there.

4.3 Tangibility

Tangibility and material properties are important to creating compelling experiences. Attaching
Strings focuses on relations between entities, and uses materials to represent di�erent qualities
of relationship; Block Exchange uses the possibilities of familiar blocks to represent technical
operations; and Pizzablock uses collectible stamps and stickers to create a high �delity replication
of a distributed ledger.

The use of simple physical metaphors was crucial � Lego could represent many of the operations
that make the blockchain work (mining, blocks, atomic transactions) while staying simple and
familiar. It was important to make sure that we had a small, coherent set of concepts to represent, to
avoid ba�ing participants, while also having enough richness to support further thinking. Working
from the physical objects, and starting with highly structured activities gave a space for participants
to engage: following the instructions, placing the blocks together, and they could then relate this to
terms they had previously encountered.

Some material qualities were important: with Attaching Strings, repositionable markers (e.g.
magnetic pins and post-its) allowed participants to recon�gure them as the map developed, while
yarn, edible shoelaces and wire mesh were useful to indicate di�erent types of relationship such as
rigid, temporary, natural, transparent or grid-like; in Pizzablock, ink stamps represented immutable
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signatures, with information hung on a washing line to make it visible to all players at once. This
is in contrast to the intensely fungible nature of Lego blocks, relating the material properties to the
aspects of the systems being explored.

4.4 Focus and Abstraction

Focusing the workshop on a single aspect of the technology in each case gave a solid grounding for
discussion, but still allowed wide ranging discussion of concepts and implications. BlockExchange
focused very speci�cally on the public and immutable nature of peer to peer transactions while
consciously abstracting other aspects of the technology. This allowed participant experiences and
discussions that are target on speci�c applications or implications of the technology rather than
attempting to explain the entirety of such complex systems. In Attaching Strings, the abstractions
provided in the workshops allowed participants � experts as well as novice � to ask many what-if
questions, and collaboratively unpack the concepts and meaning of DAOs. While CariCrop was
potentially less abstract than Attaching Strings, the focus on farmers trading information for
record-keeping and establishing trust helped participants to develop the implications that access to
this data must be carefully considered. In many of the works, metaphors played an important role.
In Attaching Strings, physicalising the idea of networks helped to unpick the complex relations and
the ecology of `things' which DAOs might encompass. Through this process participants develop a
deeper understanding of DAO's, their structures, uses, implications, and the �ow of data and value
through these systems.

4.5 Technical Fidelity

A key axis through the workshops was the level of technical �delity, balancing the complexity of
concepts with highlighting the key aspects of systems.

With BlockExchange, we set out to defamiliarise currency, revealing it as a socially-constructed
abstract system imposed on our innate understanding of value and the need to exchange things.
Inevitably, this involves a simpli�cation of Blockchain technology, in favour of its operation as a
disintermediator. The workshop is not designed as a comprehensive or wholly accurate explanation,
but by encouraging free thinking and discussion, participants could speculate about what might
happen if we move beyond traditional currencies. However, more technically savvy participants
pointed out some of the shortfalls due to levels of abstraction. Pizzablock, in contrast, aimed to more
closely re�ect details of how distributed ledgers worked, pushing at the level of �delity possible
while keeping the game enjoyable to play. By doing this, we could then use each of the artefacts in
the game, (personal wallets, public ledgers, stickers) to explain and re�ect upon speci�c aspects of
blockchain-based identity management. The intended audience and aim of the research or activity
are essential here in determining which approach to take and when to commit to high �delity
translations of the technology or when to focus on simplicity of interaction.

4.6 Building Reflection

One of the motivations behind the workshops is to see how far participants can develop their
re�ections on the technologies and implications, through their participation and discussion. With
PizzaBlock, for example, it became apparent to participants that new kinds of labour that would be
involved in decentralisation, as the whole network needs to work together to produce and maintain
a faithful record of events. Similarly, while fairness is accepted as the aspiration for the design of
some systems such as DAOs, it became clear to participants that fairness is contextual, and cannot
be integrated into systems without the active involvement of those a�ected. In general, making the
systems tangible and working through the activities helped participants frame crucial questions
such as: how do such immutable systems support human adaptation and creativity? Who has the
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power to resolve unforseen issues in the code? What rules need to be programmed and who gets to
make the decisions? And in a distributed system, where is legal responsibility held?

4.7 Summary and Directions

Whilst all four workshops focus on the production of new ideas resulting from both the challenge to
current thinking and possibilities presented by role-playing through new technological possibilities,
ultimately these workshops are more about opening up conversations in this new area, and can be
seen as a �rst step in considering concepts such as currency, value and governance afresh.

Overall, the workshops help clarify � but also move beyond � the challenge of de�ning things
in a fast moving area. This meant focusing not just on Blockchain, but considering the nature of
valueand the mechanisms of its exchange, moving towards exploring the power relationships
within socio-technical systems and the governance and control of those systems. The workshops
create space to think through things in a highly collaborative, social situation, and this is often as
important as developing a technical understanding. Much of this work used features of blockchains
as a springboard to discuss wider concepts � a recurring theme throughout the portfolio.

Workshops provide spaces for detailed collaborative exploration of ideas. However, accessibility
is limited, they are time consuming to run, so there is a limit to how many people can be engaged. In
the next section, we look at moving from the workshop setting into more public spaces, with projects
based around provocative user experiences that can take place in shorter periods of time. This
allows publics to rapidly engage with the broader implications and potential e�ects of blockchain
technologies for their own and others' lives.

5 ENABLING PUBLIC EXPERIENCES

There is a clear need to raise awareness and support grounded debate about the possibilities of
blockchains. A wide range of organisations, governments and companies are pursuing strategies
that include blockchains and decentralisation as part of their makeup [e.g.65, 66, 103]. Methods that
can quickly reach a large number of people and raise an awareness about how such technologies
may impact society help to create a public that can engage more fully in decisions about their
futures. In particular, experiential methods have a long history of helping publics to engage with
on multiple levels of depth and complexity [85].

The projects in this section aim to provoke responses, encourage debate and challenge perceptions
through real-world, relatable experiences. In contrast to the more educational approaches above
(Section 4) that convey conceptual knowledge about new technologies, in this section we move these
interactive installations out of the academic and industrial context to engage new, non-specialist
public audiences from all walks of life, backgrounds and age groups. Public spaces and events,
such as festivals, exhibitions and conferences, o�er a powerful platform to reach diverse audiences.
Complex technical systems such as blockchains are di�cult to explain through language alone.
Hence, we designed playful and accessible experiences for several contexts, o�ering an interesting
and engaging entry point into the multi-layered technologies.

The pieces all start with relatable, even mundane, everyday life activities, such as getting married
or drinking co�ee. These trigger interactions and incentives to provide a gateway for people
to imagine a potential future scenario or narrative in which blockchains could change current
exchange systems and societal norms. By crafting participatory experiences that introduce new
ideas in familiar contexts, publics were guided from an accessible performative interaction towards
a provocative or challenging narrative exploring the implications or applications of this technology.

We discuss four interactive installations, each exploring an area where blockchain technologies
may a�ect our future society, engaging non-expert public audiences with aspects of blockchain
technologies in playful, provocative and experiential ways.
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� Happily Ever After (Bitcoin) critiques traditional social norms around marriage, contrast-
ing it with the possibilities of dynamic smart contracts. It was developed from an outcome
of the GeoCoin workshop (Page 42) calledHandfastr9, that re-imagined marriage as a time-
limited agreement. It was based on a discussion around how smart contracts are di�erent from
traditional legal contracts, in particular rapid deployments and programmatic conditions.

� After Money reveals current and potential future practices and perceptions of value ex-
change. Premiered at the Edinburgh Festival Fringe 2017, it is presented as an interactive
installation and associated mobile app that asks participants to trade various things for
sweeties � work, personal data or a variety of more or less �ctional currencies.

� Seismic SeeSawis an interactive poster that embodies escrow transactions, exploring the
possibility of `conditional charitable donations'10. The Seismic Seesaw was built as part of
the OxChain project [44], which sought to explore the use of blockchain technologies in the
charitable sector [28] and the possibilities of programmable money [45].

� KASH Cups11 work as an exposition of how design and technology can recon�gure the
representation and �ow of value, investigating ideas of social currency and algorithmic rules.
The collection of NFC enabled co�ee cups can be used in conferences or other settings to
investigate value exchanges around sociality, networking and co�ee.

Although these projects seem to di�er in their manifestations, from simple co�ee cups to interactive
marriage installations, each experience aims to challenge a broader non-specialist public audience's
perception and understanding of current value systems to playfully engage them in critically
thinking through the in�uences such new technologies could have on their own future lives.

9https://aftermoney.design/handfastr/
10https://www.youtube.com/watch?v=WiDY0Uea0Qw
11https://www.designinformatics.org/research_output/kash-cups/
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