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ABSTRACT

Technology is becoming increasingly embedded within our ma-
terial worlds, resulting in an exponential rise in the production
and consumption of consumer electronics. Rapid innovations in
technological systems reduce technology lifecycles, deprecating
digital systems, rendering devices obsolete or incompatible with
supporting infrastructure, resulting in the generation of electronic
waste (e-waste). Sustainable unmaking practices are a promising
avenue for harnessing and repurposing resources used in technol-
ogy production, enabling us to move closer towards sustainable
technology design. This paper presents an applied study investi-
gating the pragmatics of sustainable unmaking, reporting on 12
semi-structured interviews conducted with domain experts engaged
in unmaking with e-waste across diverse contexts in the consumer
technology lifecycle. We present folk strategies — from rich first-
hand accounts, revealing real, vivid, and current perspectives, as
well as motivations, passions, and frustrations, of engaging with
unmaking e-waste. These strategies inform five declarations as
actionable provocations for unmaking in the HCI and design com-
munities.
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1 INTRODUCTION

As digital technology becomes increasingly embedded within our
material world, we have seen an exponential rise in the produc-
tion and consumption of consumer electronics and technologies.
According to the Sustainable Development Goals Report 2021 [87],
electronic and electrical equipment waste (e-waste) has globally
generated 53.6 metric tons in 2019 (20% more than 2014); projected
to further grow another 40% by 2030. Currently this translates to
7.3 kg of e-waste generated per capita, with only 1.7 kg managed in
an environmentally sustainable way [87]. Improper disposal of e-
waste can adversely impact the environment — releasing hazardous
chemicals into soil and water, as well as cause significant loss of
scarce and valuable materials (e.g., gold, cobalt, platinum, and rare
Earth minerals) [87]. Rapid technological innovations, result in
shorter device lifecycles, perpetuating obsolescence, incompatibil-
ity with current infrastructure, and fewer service and repair options
— forcing users to shift to newer devices, resulting in more stress
on resource consumption [88]. The current global semiconductor
crisis clearly illustrates this, by foreshadowing the consequences
of material shortages, causing massive production delays and price
increases of consumer technologies such as laptops, smartphones,
gaming consoles, and automobile electronics, all of which have
been severely impacted [6].

With over 3 billion people (38% of the world’s population) still
without access to the internet and digital devices [94], and con-
certed efforts to reduce the digital divide through proliferation of
accessible digital consumer technology and infrastructure — the
demand for digital technology production and strain on resources
will only increase. The United Nations [86] identified ‘sustainable
production and consumption’ as a Sustainable Development Goal
(SDG 12); however, we have seen a 70% increase of the world’s ma-
terial footprint between 2007 and 2017 alone [87]. Australia (where
our study is situated) is one of the largest consumers of technol-
ogy globally, and the fifth largest producer of e-waste (21.7 kg per
capita) [33,54]. Given both the need, and demand to grow the global
digital infrastructure, designers, researchers, and practitioners need
to ensure there is both responsible production and consumption
of resources in technology design. This dilemma is characteristic
of a genuinely wicked problem [71], where both understanding the
contours of the problem and its context, as well as devising an
orientation towards a solution, must occur simultaneously.

The extant discourse about making and maker culture within
HCI highlights unmaking as a largely under explored, and promis-
ing avenue that addresses important technology design concerns,
such as: reuse, repair, and socio-ecological impact [75]. This paper
focuses specifically on the pragmatics of ‘sustainable unmaking’

12022 population: 7.76 billion — Source: World Bank Population Calculator


https://doi.org/10.1145/3563657.3596056
https://doi.org/10.1145/3563657.3596056
https://doi.org/10.1145/3563657.3596056
mailto:permissions@acm.org
http://crossmark.crossref.org/dialog/?doi=10.1145%2F3563657.3596056&domain=pdf&date_stamp=2023-07-10

DIS ’23, July 10-14, 2023, Pittsburgh, PA, USA

[80] with e-waste i.e., understanding the practical, on-ground reali-
ties of how people engage in unmaking praxis; and how accounts
of these folk strategies and practices for unmaking relate back to
the discourse prevalent in extant literature on unmaking. We take
a bottom-up approach to investigate how across the e-waste life-
cycle, different domain experts engage with unmaking practices
to disassemble, repair, repurpose or extend the life of e-waste. The
diversity of participants and contexts of use, uncovers the richness
and complexity of the context, reducing asymmetry of knowledge
[70] and fostering argumentation [70] — which is arguably the
“key and perhaps the only method of taming wicked problems” [69].
This paper hence fills a gap in HCI literature, of applied studies
on unmaking [75], offering findings from multiple domains and
participant viewpoints.

This study is situated in the context of Australia — the fifth-
largest producer of e-waste globally [33, 54]; having doubled the
rate of e-waste generated per capita over the past decade [19], with
e-waste production, projected to exponentially grow, given the
concurrent increase in both the population and material living stan-
dards [12]. Modelling estimates suggest that only 54% of e-waste
produced in Australia is actually collected, of which 80% is pro-
cessed through low-efficiency recycling, with little data available
about repair, reuse, and resale activities — that might help us better
understand the overall e-waste landscape, and how electronic prod-
ucts are kept in the economy, before becoming e-waste [12]. There
is continued interest from regulatory bodies and government min-
istries to ensure better practices and policies are in place for e-waste
management e.g., regulatory frameworks and legislation such as
the Australian Recycling and Waste Reduction Act 2020 [17]; calls for
consultation inputs on e-waste stewardship [18]; official inquiries
into the right to repair [67]; as well as the practical enforcement
of legislation, guidance, and standards for e-waste management
e.g., the Victorian State Government banned e-waste from being
placed into landfill in 2019 [27]; programs such as the National
Television and Computer Recycling Scheme (NTCRS), provide Aus-
tralian households and small businesses free access to e-waste
collection and recycling services [20], and support the creation
of various council and private retailer-owned e-waste collection
points [14, 83]. Additionally, there are also grassroots-level, commu-
nity driven activities [60], and awareness and advocacy initiatives
(e.g., see: [29]) for creating more sustainable practices with e-waste.
Hence, Australia as a context of inquiry, is of particular interest,
given the scale at which e-waste production is growing within the
country; as well as both the legislative (top-down) and community
(bottom-up) driven interests and initiatives towards curtailing chal-
lenges associated with this growth, that together aim to foster more
sustainable technology production and consumption practices. To
our knowledge, this is the first HCI and design-oriented work re-
lated to studying applied unmaking practices with e-waste within
an Australian context.

The central contribution of this work is the presentation of rich
illustrative, first-hand accounts of people engaged in unmaking with
e-waste, across diverse contexts and application domains. These
accounts are presented as folk strategies — practices that develop
and emerge through lived experiences and prior interactions of
unmaking with e-waste materials. These reveal real, vivid, and
current perspectives and motivations, passions, and frustrations
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related to unmaking; providing supporting evidence to ground
theoretical research concepts about unmaking through real-world
accounts. Lessons from these accounts form the basis of declarations
about unmaking (D1-D5) which are canvassed later in the findings
and discussion. These declarations distil the findings into actionable
provocations to guide future work on unmaking in HCI and design.

2 RELATED RESEARCH

2.1 Sustainable Interaction Design

Over 16 years ago, Blevis introduced Sustainable Interaction Design
(SID) [11], a perspective that argues that sustainability “can and
should be a central focus of interaction design” — where Blevis de-
fines design as “an act of choosing among or informing choices of
future ways of being”. Although not cited as a direct inspiration, this
definition also resonates with Simon’s more widely acknowledged
definition, where to design is to “devise courses of action aimed at
changing existing situations into preferred ones” [78], which too de-
scribes design as a means to shape and change the future ways of
being, by making specific informed decisions about the actions we
take in the present. Blevis [11] argues that sustainability should
be the anchor that guides these decisions, by focusing on design
values, methods, and reasoning. This perspective is guided by a
rubric for understanding material effects of design cases, in terms
of forms of use, reuse, and disposal. This rubric focuses on disposal,
salvage, recycling, remanufacturing for reuse, reuse as is, achieving
longevity of use, sharing for maximal use, achieving heirloom status,
finding wholesome alternatives to use, and active repair of misuse.
Additionally there are principles which Blevis [11] presents as goals
for this orientation: (1) linking invention and disposal, i.e., “the idea
that any design of new objects or systems with embedded materials
of information technologies is incomplete without a corresponding
account of what will become of the objects or systems that are dis-
placed or obsoleted by such inventions”; and (2) promoting renewal
and reuse i.e., “the idea that the design of objects or systems with em-
bedded materials of information technologies implies the need to first
and foremost consider the possibilities for renewal & reuse of existing
objects or systems from the perspective of sustainability.” These goals
form the basis of ‘sustainable “unmaking” [80] which is canvassed
later.

This focus on sustainability must not be limited to the point of
production. Lazaro Vasquez et al. [51] highlight the importance of
taking a holistic approach to the technological lifecycle, by adapting
the life cycle analysis approach — a ‘cradle to grave’ evaluation of
the environmental impact of materials e.g., products, processes and
services [5] — for assessing impact across every phase of digital
fabrication during prototyping. This same perspective can also be
extended towards applying the sustainability rubric [11] towards
evaluating consumer technology production and consumption, and
the resultant e-waste that is generated. It is important to acknowl-
edge that there are multiple possible trajectories for e-waste e.g.,
repair, disassembly, destruction etc. The inherent diversity and
complexity of these trajectories, reinforces why sustainable pro-
duction and consumption of technology cannot be treated as a
tame problem [71] i.e., as all the variables and constraints of the
problem are not known, and hence there is no single-solution or
use context. Argumentation of different perspectives is central to
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better understand and address this kind of wicked problem [69, 70].
Therefore, understanding the competing perspectives, and multi-
ple viewpoints of those engaged with e-waste becomes central to
appreciating the nuances of the overlaps in strategies, values, and
methods, whilst acknowledging, and learning from the differences
in their contexts of use. This paper is informed by our prior work re-
lated to the role of e-waste within maker culture [89, 90], as well as
the work of Dew and Rosner, on how e-waste can elicit insights on
the design practices on which they were found [21]. Investigating
what happens when technologies become old and obsolete, Grzeslo
et al. [39] concluded that there are insufficient, systematic e-waste
disposal mechanisms; lack of ownership of technology lifecycles;
and that technology researchers and scholars have a very limited
role in the lifecycle management of technologies i.e., they have lim-
ited influence on both technology policy and consumer use, once
technology products enter the real world. Grzeslo et al. [39] argue
that the only influence and control ostensibly possible, is over how
the initial design of technology can influence the transformation
of products into e-waste i.e., they can be designed to support con-
ditions that enable more successful disposal or reuse trajectories
once transformed into e-waste.

2.2 Unmaking and HCI

Unmaking is a growing area of interest in HCI [57, 65, 73-
75, 79, 80, 95]. Unmaking can refer to “the disassembly of an object
or structure, or to the dissolution of values, ranks, habits, beliefs,
affiliations, and/or knowledge” [75]. The two major bodies of schol-
arship on unmaking in HCI are concerned with (1) sustainability,
and (2) technology disassembly and repair. On sustainability and
unmaking, Song and Paulos [80] argue that ‘sustainable “unmak-
ing” has a critical role in addressing Blevis’s [11] call for both
“promoting renewal and reuse”, as well as what they characterise
as the more elusive, “linking invention and disposal”. Embedding
unmaking pathways and possibilities into the design and fabrica-
tion of objects can counter “the conventional concepts of disposal
and waste themselves, turning the process of disposal into one of
continual invention” [80]. This creates a symbiotic relationship be-
tween invention and disposal for sustainability where “invention
should not be made without a detailed plan for the disposal of ma-
terials that will result—and that renewal and reuse be prioritised”
[80]. Motivated by similar concerns, “elimination for good” is a
design lens that advocates critical and pragmatic approaches for
determining if products, objects, and technologies are worth the
environmental harm they cause [35, 84]. Pierce extends this notion
by presenting undesigning as “the intentional and explicit negation
of technology” attained through strategies such as inhibiting the
use of technology in certain contexts, replacing a technology with
another, and erasing certain technologies altogether [65]. Most
relevant to our work is the exploration of Lindstrom and Stahl
on participatory engagement with the "aftermath” of design, for
example through composting plastic [57]. Their work reveals the
complexities of unmaking, including issues around safe disposal,
reuse vs. destruction, and the “conflicting speculations” on how to
unmake plastic altogether [57]. This sentiment is further echoed by
scholars across various fields, calling on us to pay attention — and
in turn unmake — our consumerist behaviours [91], individualist
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innovation modalities [58], human-centric design approaches [9],
and the unsustainable pace of production, e.g., by attuning to other
“timeframes” of being, such as soil regeneration [7] and situated and
culturally informed hacking and making practices [55].

In the context of technology disassembly and repair, scholars
have studied the nuances of when technological projects collapse
[50], phones and batteries break [43], machines die in the workspace
[61], and technological infrastructures approach their ‘death’ [16].
Designers have also leveraged moments of disassembly and repair
as creative opportunities that start from the broken and ephemeral
rather than the new and novel [23, 45, 59, 85, 96]. In this space,
designers and researchers have further noted that unmaking “cannot
be based on a nice, neat checklist” [34] since, as Jackson et al. argue,
“all functioning systems are alike; all broken systems are broken in
their own way” [46].

Unmaking as a praxis has a wide range of possible trajectories
(e.g., repair, elimination, disassembly, destruction etc.), depending
on the motivations, and desired outcomes of those engaged in
unmaking. However, there is a lack of shared ontological under-
standing and vocabulary for unmaking in HCI and design, given
the concept’s emerging and broad nature, and a need for more
pragmatic studies on unmaking that explore tools, methods, values,
and participation [75]. Despite the increasing attention to unmak-
ing, it remains largely under investigated [75]. A recent systematic
review [40] of Sustainable HCI (SHCI) developments over the last
decade, highlights sustainability work related to repair, making,
DIY — but no studies related to unmaking were covered. A gap
exists in HCI literature on applied studies on unmaking, that may
help strengthen the conceptual themes identified in previous work
and offer supporting evidence to ground theoretical concepts in
real-world accounts and data. This present paper hence extends the
foundational related work, by presenting an in-depth qualitative
study of the current perspectives of people engaging in real-world
unmaking practices across a multitude of contexts, where these
rich portrayals fill the gap in HCI literature, of applied studies on
unmaking. These first-hand accounts comprise of rich anecdotes
illustrating the motivations, strategies, passion, and frustrations
that participants engaging with unmaking encounter. They fur-
ther help us identify challenges and opportunities that persist in
moving towards designing more sustainable technologies, that are
purposefully built to support unmaking.

3 METHOD

We conducted 12 one-to-one semi-structured interviews with do-
main experts who worked with e-waste in various capacities, across
diverse contexts (See: Table 1). Purposive judgment sampling was
used for participant selection, where the criteria applied focused on
recruiting participants who had (1) prior experience of unmaking
with different consumer electronic and electrical equipment; (2)
directly engaged with and used unmaking practices with e-waste
in their specific domains; and (3) represented a unique domain of
expertise to the study (e.g., industrial design, technology research,
technical repair, commercial e-waste disassembly etc.), to add a
multiplicity of viewpoints, to better understand the problem space.
This multi-stakeholder expert approach enabled us to develop a
better understanding of the complexity of the wicked problem, by
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Table 1: Participant domain expertise

# Domain Role Focus
P1 Maker/Sustainable Living Expert

P2 Development Sector Specialist/Researcher
P3 Design Educator/Practitioner

P4 Machinist/Technician

P5 DIY Hobbyist/Tradesperson

P6 Technology Commercialisation/Producer
P7 Repair Technician

P8 Industrial Designer/Researcher

P9 Music Technician/Instrument Luthier

P10 Creative Technology Entrepreneur

P11 Commercial e-Waste Recycling Expert
P12 Social e-Waste Recycling Expert

Salvage fabrication for DIY smart home and gardening integrations
Maker culture for empowerment of marginalised communities
Pedagogical practices for designing tangible computing interfaces
Maker space management, tooling, training, and facilitation

Repair and making services for social housing community residents
Creative hacking of technology for commercialisation and performance art
Medical equipment maintenance and repair; DIY maker

Pedagogical value of digital technology as a creative material

Musical instrument and equipment design, production and repair
Developing education technology toolkits for novice makers

B2B/B2C industrial e-waste processing commercial business operation
Social enterprise for community building through e-waste processing

reducing the asymmetry of knowledge [70] i.e., the notion that
expertise about a problem is distributed, hence taking onboard
multiple stakeholder viewpoints is important; which allowed us to
draw upon rich accounts of unmaking with e-waste by practitioners
with competing perspectives, agenda, values, strategies and reason-
ing. This orientation is also in line with the lifecycle analysis [51]
approach, for evaluating environmental impact of different stake-
holders across various stages of technology use and consumption,
locating opportunities for sustainable technology design across a
diverse e-waste unmaking landscape.

Given the pace at which e-waste is being generated, coupled with
the multiple trajectories of unmaking with e-waste, it is impracti-
cal (and perhaps to some degree, irresponsible) for us to attempt
to approach this research space with the aim of creating univer-
sally generalisable knowledge. Instead, we adopt an alternative
perspective towards creating designerly knowledge, that treats the
findings as what Stolterman [81] refers to as ultimate particulars
i.e., where each individual interview is self-contained within the
instance of the particular context. This enables us to not only locate
valuable lessons from within the self-contained instances, but also
identify patterns that might be emerge across multiple instantia-
tions — which might generate more intermediate-level knowledge
[41]; preserving the diversity of sub-cultures and localized cases
that exist within the larger constellation of the problem space, but
also generating some knowledge that might be applicable across
multiple contexts.

The semi-structured interviews were conducted in situ at the re-
spective participants’ contexts of work. This approach was inspired
by contextual interviews [8], particularly to allow participants to
leverage their environments to jog their memory or bring in props
to supplement their responses. We opted to do interviews, instead
of observing participants engage directly in unmaking activities
due to participant availability and project constraints. All sessions
were conducted in person, barring P2 and P10, where participants
requested to be interviewed remotely through video teleconferenc-
ing via Zoom from their workplace. The sessions comprised of a
guided walkthrough by the participants of their workplace, cou-
pled with a semi-structured discussion, featuring topics including
opportunities and challenges associated with the unmaking e-waste;
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impact of evolution of technology on unmaking for reuse; skills and
tools needed to disassemble e-waste; values that governed their un-
making practices; strategies adopted when engaging with unfamiliar
materials; and their overall process of unmaking e-waste. Participants
led the direction of the conversation and brought in artefacts and
materials from their environment to supplement the discussion.
The session duration on average was 60-90 minutes. Data was col-
lected in the form of audio and video recordings, photographs, and
observation notes.

Post the interview sessions, findings were discussed between the
first and third author to identify key highlights. Over 17 hours of
the audio and video data from across the sessions was transcribed.
The data excerpts (transcripts, notes, and photographs) were then
thematically analysed [13]. Researchers first reviewed the data, fa-
miliarising themselves with the content, developing open-ended
codes. These codes were further analysed to identify common pat-
terns resulting in development of aggregated higher-level themes.
These themes were discussed and shared with the second author,
who added additional comments and recommendations about their
reorganisation. The finalised themes are presented in this paper,
supported by rich illustrative accounts.

4 FINDINGS

Through the analysis of the data, we have generated themes that
provide lessons for understanding the context, and pragmatic con-
siderations, and challenges associated with engaging in sustainable
unmaking with e-waste. These thematically organised findings
highlight folk strategies, practices, and motivations for unmaking.
The themes include: visual assessment of materiality; commercial-
ization of technology; dismantling strategies and constructive com-
ponents; facilitating or supporting engagement with unmaking; and
motivations for unmaking. The themes are accompanied by provo-
cations, in the form of five declarations (D1-D5). We developed
the declarative statements as distilled lessons on how the findings
can inform unmaking research in HCI. The findings are presented
as data excerpts, predominantly in raw form, annotated by nec-
essary explications in the sections that follow. This presentation
strategy is perhaps unorthodox but has been adopted to preserve
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Figure 1: P11 holding different value boards (A) low-value — brown circuit board, with a lot of capacitors and larger components;
(B) medium-value — green circuit board, with relatively large components, but not as heavy as higher-value boards; and (C)
high-value — green circuit board, with sleek, modern, compact components, and heavy in weight.

the richness of the conversations and ideas raised during the in-
terviews. Every point in the findings either culminates with a new
declaration (Dn) or is an iteration (Dn'), that extends a previously
defined declaration — where each declaration is presented in the
format Dn, where ‘n’ is the corresponding declaration number, and
each declaration iteration is marked with roman numerals e.g., Dn!
Dn'! Dniif represent three different iterations of the Dn declaration.
Hence, all the declarations are empirically derived, and iteratively
developed into their final versions which are later presented and
unpacked in the discussion.

4.1 Visual Assessment of Materiality

The assessment of economic value of e-waste was predominantly
dependent on materiality, visual cues, aesthetic properties, and
prior conceptions of functionality. Participants highlighted how a
folk understanding [1] (i.e., an understanding developed through
prior interactions and lived experiences with the materials) was
developed within the context, that directly impacted unmaking
trajectories, to filter valuable materials and identifying capacity for
recycling. P3 and P4 comment on how the hands are our first tool
— indicating that before any other form of assessment can be done,
exploring e-waste with your hands gives you an understanding
of how it is configured — this same notion is extended to value
judgement i.e., how valuable the components being taken apart
might be.

The materiality (i.e., appearance, colour, weight, aesthetic, attach-
ments, materials) of the e-waste, was critical to judging economic
value. P11, who manages a commercial e-waste processing facility
illustrated this by using the example of printed circuit boards, high-
lighting three dominant tiers of value — high, mid, and low. These
tiers were determined by the aesthetic properties of the boards
including colour, volume of components, style of components and
weight. Holding up a CRT board (See: Figure 1) P11 says — “These
are your low value board. This board is brown. You can see it’s not
[high value], the actual boards are [not] copper based either! I think
once you see it from that [brown board] and then you go to (looks
for high value board, holds it up) to that [green board], that’s high
value! That’s gone from 50 cents a kilo trade, to 10 dollars! . . .you can
tell each of these chips, gold content, silver, bronze. .. you can feel the
weight of that compared to the other [brown] one. ...medium value
would be more (points to other, less busy green board) [thinner], less
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components on it... So, the boys [floor workers] sort of know, I don’t
have to tell them what’s a high or low value [component].” A similar
practice exists in the social enterprise for recycling e-waste as well,
where P12 shares how they too have categorised bins for circuit
boards based on their colour; a practice that emerged initially not
because of economic value, but one that was introduced to them by
someone who had requested the facility’s services to disassemble
certain e-waste items. They had requested the disassembled compo-
nents be organised by circuit board type (predominantly organised
by circuit board colour and shape).

Like most of the consumer product sector, the e-waste industry
also operates on tonnage i.e., the more weight of e-waste commodi-
ties, the higher the value it attracts. P11 comparing circuit board
value between old CRT monitors and computers and servers, states
“...the CRT [television] circuit board is, it’s very plain, very low value!
More copper content in it, there’s not so much gold. But with the
computers and servers and phone system boards, that’s where they
got the chips. . . so the more chips on the board, the higher the value
is! .. .usually like RAM or CPU has a lot of gold [metal] in that. ..
but you need a lot [of volume] to make [any money] ... because they
are so light!” This complexity of components is seen to not just
add to the weight, but directly relates to perceived functionality
i.e., the utility of components as originally intended (e.g., devices
with higher processing power, were seen to comprise of high-value
components) — P11 continues “[boards] in a vacuum cleaner or any
other sort [of product] that doesn’t need processing power. . .it’s pretty
low value! But when you got something that needs processing power,
that’s when the high value comes into the boards.” The assumption is
therefore that processor components will automatically have more
complex componentry, and hence is seen to be more valuable.

The actual pragmatics of developing this assessment are largely
linked to tacit knowledge — the developed acumen for making value
assertations, which is reliant on exposure to, and familiarity with
different types of products — especially when considering how
technology is evolving. Hence the social understanding of the ma-
teriality of the components becomes an important feature. “[Smart
TV] hard drives are like a little circuit board. Boys [the floor workers]
probably don’t even realize that [it’s a hard drive], it’s just a high
value circuit board — it’s not like it’s actual physical hard drive that
we’re used to. but look, the boys have trained up enough to know
what sort of a circuit board it is. If it’s low value, it’s high value, it’s
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Figure 2: e-Waste recycling social enterprise bins, for people to place components into after disassembling devices, based on the
value of their components. (A) motherboards + gold chips; (B) green circuit board; and (C) brown circuit board

medium value. They know, they can see it straightaway — how many
chips there are on it.” — P11. This also speaks to the nature of the
context, whereby efficiency is valued as floor workers are employed
to dismantle materials and the faster they process the materials, the
more revenue they generate. These priorities and strategies lead to
the initial version of the first declaration:

D1!. Technology design should facilitate identifying,
locating, and understanding value when unmaking

Using e-waste properties such as colour, weight, and attachment
ports was critical for our participants and their floor workers to
judge their economic value efficiently. The use of visuals as a way
of creating a shared social understanding of unmaking and where
materials should be processed after dismantling is therefore seen as
very important to where unmaking happens. The social enterprise
P12 manages, uses bins for disassembled components that have
both names and pictures (See: Figure 2) of the components on the
face of the bin — as a means of making sure there are multimodal
indicators within the space for people with all abilities to engage.
Another cue they use is the colour of the bins as a shared focal
point of where to place certain items e.g., grey bin for dirty metals.
P10 highlights that they have been exploring how when taking
materials apart and putting them back together, visual imagery
can make the process more inviting and reduce the barrier for
engagement. They share going to a circuit board expo in China
and asking a manufacturer to produce bespoke circuit boards with
additional colours, to be more inviting for children to engage with
— “[I asked (via a translator)] ‘can you do colours? circuit boards?’
‘question mark?’ and they would come back and be like, Why do you
want to do that? [the] circuit board [is] for function! Not aesthetic!
What are you doing? Circuit board goes in [the] box! You know, like,
no one looks at circuit board. You fool!”” — This shows the missed
opportunity for making more meaningful use of the board faces
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themselves (as already highlighted in the value assessment section).
The role board design can play in supporting unmaking literacies
inspired us to extend D1' as follows:

D18, Technology design and materiality should facili-
tate unmaking literacies, including identifying, locat-
ing, and understanding component value

Beyond complexity, there are also inbuilt visual cues that directly
relate to the manufacturing process and how materials are processed
and treated during production, which has downstream implications
when it comes to unmaking. P12 highlights how they use visual
indicators on materials to determine the value of plastic — “There’s
plastic, but it’s not just one type of plastic. . . we’ve noticed that a few
of these plastics have an ‘FR code’; which means fire retardant. .. and
so... we’ve learned they cannot be recycled! .. .because they can’t
be reused or repurposed, because they’ve got that chemical in it. But
we’ve found out that ABS plastic, in its true form without any fire
retardant, and especially if it’s the same colour, is quite. . . can be quite
valuable” — P12. This highlights how potentially valuable materials
that can be repurposed and are quite durable, are rendered unusable
because of how the production process is designed for the material.
Fire retardants of course are meant to be applied as safety measures,
and possibly mandated by policy and legal requirements — this
highlights how considerations about the material decisions (both
selection and processing of the material) made at the time of pro-
duction, have a direct consequence on unmaking possibilities of the
technology. This results in the creation of the second declaration:

D2'. Material decisions have consequences on sustain-
able unmaking possibilities and trajectories

Innovations in making, have a symbiotic relationship to, and
can often be inspired by unmaking — and create value. P6 sharing
details about a work project, states “I'm gonna try to get this [button]
to connect to [smart glasses]” — they are trying to improve the
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photo taking interaction with smart glasses, by repurposing old
technology. They say “ ..you don’t necessarily need to make a new
thing, you can find an old thing — like this [Bluetooth button] I've had
for years and I never threw it away. It’s just a shitty little Bluetooth like
button. .. but the problem we are finding with these Ray Ban [smart]
glasses, is that you have to say [the command] Facebook, take a
picture!’, and by the time you’ve said that and it’s taken a picture,
it’s five seconds later! So, I need to find out if I can just connect this
[button] to the [glasses]. .. .that’s just an example — this is a shitty
piece of old tech, y’know, that is useless, but maybe it’ll be really useful
with, this like super new piece of tech which is actually a pain in the
arse to use at the moment.” On the other hand, there are limitations
too, especially when it comes to compatibility. P6 also details “[this
is] the first iPod, which I'm still trying to hook up actually, but again
legacy systems, (points to port) [what] the fuck’s going to go into that?
that’s FireWire 800, no 400 — that’s FireWire 400!” — P6, commenting
on the inability to find appropriate cables and peripherals to access
legacy devices. So, finding a middle ground for how technology
of the old and the new can come together through unmaking is a
very real opportunity that can be harnessed, to create value. This
extends the second declaration D21, which we finalise as:

D2, Material decisions and compatibility options
have consequences on sustainable unmaking possibil-
ities and trajectories

4.2 Commercialization of Technology

Participants commented on how technology is predominantly de-
signed today to further commercial interests and business agenda,
rather than provide robust, sustainable value to end users. Partic-
ipants brought up ownership, their right to repair, unnecessary
complexity within systems, and forced obsolescence — all of which
foster a throwaway culture. P4 states “things like mobile phones
frustrate me, because they are just glued together! because then you
gotta get a heat gun, you’ve actively got to destroy something that
you have to replace with things like this now. .. the fact is that com-
panies are making it harder to repair things, that they are denying
people the right to repair, or tinker or play with things — It’s frus-
trating!” P4 therefore highlights how there is an inherent irony
in how the act of repair requires destruction. This frustration is
also echoed by P6, who comments on unnecessary complexity be-
coming a product of the consumer culture, “you got bean-counter
[accountants/bureaucrats], penny-pushers [people unwilling to spend
money] around, they make shit complicated! Or they encourage de-
signers to make shit complicated! Or during the designer’s training
period they’re encouraged to make shit complicated! And so, they
actually end up with that mindset of having to change everything.
Make everything proprietary. Y’know, otherwise maybe you design
yourself out of a job! What’s the whole thing — It’s like ‘design the
perfect mousetrap and then you're fucked’, aren’t you?” They further
add “It’s capitalism, baby! It boils down to that, it’s capitalism and
consumption. And that’s the reason that. .. we’re faced with com-
pounding, divergent, complexity, and often its complexity, which is
unnecessary complexity.”

This collective commercial mindset also perpetuates a throw-
away culture — P5 highlights “the reason [designers make it difficult
to disassemble things] is, you have to throw that away and buy a new
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one! It’s become a throwaway society! Everything’s made to throw
out! It’s all made of plastic. If it stops working, ‘go out and get another
one’. They don’t expect you to pull it apart and fix it. I do pull it
apart, I don’t want to waste that machine. ..” P4 also adds that legal
safeguards such as warranties help facilitate both the manufacturer
and consumer of technology to not have to deal with responsibly
managing resources — “this is the worst part about this consumeris-
tic process. I mean, we’re so hard driven to try and think about the
environment. .. until it comes to our consumer products.! Just ‘oh,
we’ll replace [it], its in warranty’, or ‘it’s out of warranty, you chuck
that one in the bin, and we’ll sell you a new one!”” — P4. Similar
sentiments are shared by P5, who adds that commercial repairs are
also viewed as resource intensive endeavours, hence organisations
prefer replacement over repair “because [if] it’s too hard, [even] if
they’re doing it for a job, it’s not worth it!” This in turn led to the
creation of the third declaration:

D3!. Unmaking has a fractious relationship with capi-
talism as the right-to-unmake subverts the throwaway
culture

Beyond the physical construction, participants also commented
on closed technological ecosystems. P3 states “we’ve got companies
that lock everything down so much that you can’t fix it! Because
they want you to buy (whispers) ‘planned obsolescence’, right? they
want you to buy ‘the next greatest thing!’, and I think that’s a really
sad thing!” P6 argues the reason for “designing systems that are
not easy to understand, is because [they are] building forced obso-
lescence into systems. .. doesn’t make great sense economically, but
it makes sense for business.” P7 highlights the mismatch between
how technology is designed and where and how it is used, using
the much-publicized legal case of John Deere tractors who have
globally faced backlash on their proprietary software and intellec-
tually property protections — ‘[ John Deere are] trying to say, No, if
it breaks down in the paddock in Australia, you have to accept that
the machine is broken! There is nothing you can do, nothing anyone
else can do until our authorized repairman [comes]!”” Adding how
contextually myopic this view is, given “in Australia. .. you can be
4000 km away or more from an authorized repairman. [This] kind of
overly assertive protective attitude by manufacturers or suppliers of
certain pieces of equipment isn’t very helpful” This sentiment not
only highlights that the orientation towards ‘authorised’ servicing
infrastructure is impractical for relatively developed contexts like
Australia, but also opens the discussion about how this matter is
magnified further in settings where servicing centres might not
exist at all. It further extends D31, into its final form:

D3l Unmaking has a fractious relationship with cap-
italism, but technology must be designed to be both
commercially viable and unmaking-friendly

Our findings reveal that there are contexts where electronics are
not repurposed or recycled for legal reasons, even though they can
be, and hence those materials must be destroyed. P11 shared that
their commercial e-waste recycling centre had a lot of business-to-
business (B2B) clients, and so they were bound by client require-
ments. They often had to not only erase data, but also destroy
the physical devices as part of their agreements; in some cases, if
the client permitted, the e-waste would be turned to commodities
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(i.e., shredded, sorted, and sent further downstream for process-
ing), however in other cases it was mandated that the equipment
be destroyed and put into landfill. P11 recalled a recent instance
where a local video game retail store had been inundated by flood
water “The shop went under [in the flood]. They brought in a big
whole 30 [cubic meter] bin of Xboxes, toys, [game] controllers — it
was all wet. Had to go through that. Had to throw that to general
waste. That’s not too many times, we do that, but if they want it
destroyed, product destruction and destroyed and landfilled we gotta
follow that [instruction].” — P11. They later added that they had to
destroy everything, even though some of the materials were sal-
vageable, while others were completely untouched by the water. Yet
destruction was mandated to protect the legal interests and avoid
warranty related claims that the manufacturer and retailer could
have been liable for in the event end users ended up using possibly
damaged products with faulty electronics. Although an isolated
incident, when one looks at this instance in light of the current
global chip crisis, where it is becoming virtually impossible to pur-
chase next-gen consoles such as the PlayStation® 5, this highlights
how most industries are designed to operate, i.e., not recycling or
repurposing possibly faulty materials, because it might be more
convenient and optimal to destroy them and view them as consum-
ables. This is not to say there is no precedence of other industries
salvaging resources from old products, for instance manufacturers
Apple and Samsung have trade-in facilities (See: [2, 76]), where the
companies aim to recycle electronics for consumers. P11 also shared
that they actually store certain e-waste products and materials due
to their value, this includes old Apple iMacs and Commodore 64’s
being kept in storage and treated with extra care because the first
generation of electronics and computers are expected to increase in
value over time, versus the more commodity-like recently produced
electronics. This led to the creation of the fourth declaration:

D4!. Unsustainable unmaking trajectories reveal sys-
temic shortcomings around accountability and re-
sponsibility in technology design

4.3 Dismantling Strategies and Constructive
Components

There are varied strategies for how people engage in unmaking
— especially in the case for repair and fault finding. This includes
working systematically step by step from the point of taking apart
the outer shell, and ensuring all components work till one reaches
the fault (P5); or taking off any of the outer shells to be able to reach
the actual area of concern (P6). Some participants describe system-
atically drawing out block diagrams of sub-assemblies (P7), whereas
others visually assess materials — ‘T look for inherent weaknesses. . .
ways that it [device] might have been assembled.” (P4). Engaging
with unmaking also requires at times a “disregard for warranties”
(P10) and having a mindset to “give it a red hot go!” (P3). However,
it is imperative to understand how materials are constructed and
how configurations of assemblies come together. Participants shed
light on some of these complexities and their strategies to address
challenges they encountered. For instance, participants highlight
hidden components such as screws are an impediment to unmaking,
whereby only people who have prior experience of taking apart
electronics, would know to look for these types of connections. P4
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and P12 recount their strategies and approaches to understanding
how to locate these hidden connection points. P4 states — “Often
time there’s clues, like especially when you’re looking for screws. . . the
screw that they always like to hide under the label. I'll always rub a
label to see where that one is — if there is one there. Because sometimes
you pull that tamper proof label off, and that’s the final screw you
have to undo!” Similarly, P12 highlights how when disassembling
a “..computer keyboard, you think you found all the screws, but no,
they’re hiding under! Like they [designers], whoever make them, do it
on purpose, so that I guess they can’t be pulled apart very easily! So, a
lot of the things we get in, you have to kind of problem solve and try
to identify and find where the screw is, for example, that you need to
remove the plastic or the cover.” Additionally, there is also a learning
curve in understanding how certain components fit together, which
can only be learned by repeated practice. P4 talks about plastic tabs
that clip into place for certain electronics — “working out how those
little plastic tabs work, and just the correct way to do it” — is an im-
portant skill to build. Given what folk strategies are revealing about
technology design trends and how to design technology for more
sustainable unmaking, we augment D4!, into the final declaration
as follows:

D4t Folk strategies developed through repeated un-
making highlight unsustainable unmaking trajecto-
ries in current technology design and suggest ways
for how to design better for sustainability

P4 questions modern construction decisions and suggests alter-
native techniques, reiterating how one cannot disassemble com-
ponents in most modern electronics without actively destroying
them, because of how they are connected (e.g., glued components
in mobile phones) — ‘T mean, but really, couldn’t you just have that
touchscreen separate from the [glass] screen? So that there is two sep-
arate components? Does it really need to be glued together? Couldn’t
they have like y’know, half a millimetre of gap between those two
surfaces? Are they really worried about dust getting in somehow? And
if they made it serviceable, maybe you could open it up and get that
dust out and then put it back together? Why not have two beautiful
piano hinges on the side of the phone that you can just automati-
cally clean your screen? Slide that touch panel out that’s gonna get
broken. . .anyway”. P5 also highlights their approach towards larger
glued electronics, recalling an instance where they took apart an
electric fan which had components assembled in a way that had
no clear starting points for disassembly — “T’ve come across stuff
that’s been closed up and you have [no] chance of opening it with a
tool. .. they don’t have screws in ‘em anymore, or anything like that.
So what I do is, I get out my angle grinder, put a Imm cutting disc on
it, and I cut right around the outside, and then I pull it apart. That
way, I can glue it back with a good glue. So things that are sealed off!
You can always get around it by doing that. You might spot glue say
in ten places, and there could be a little bit of a gap, so you just fill it
up with a bit of gap filler”.

A recurrent pain point that emerged across the participant inter-
views was how manufacturers use non-standardized screws in their
products (P1, P4, P5, P6, P7, P11, P12), resulting in many participants
procuring specialised tools as well as maintaining an assortment of
salvaged screws (See: Figure 3). P5, a very seasoned machinist and
technician who also manages a maker space, shares an account of
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Figure 3: Mosaic of different storage units for salvaged connectors organized by participants from e-waste unmaking (A) P1
shows special tools to disassemble uncommon connectors; (B,C) P1 shows their assortment of screws; (D) P12 shows large bin
of connectors from disassembly of industrial broadband equipment; (E) P7 stored and organised their connector collection into
labelled storage compartments; (F) P4 shows bagged connectors in their makerspace to organise specific parts of the assembly

repairing two game controllers. They talk about a smartphone game
controller that took them three days to fix — “T’ve got a Razer Kishi,
it’s like an Xbox remote for my Android phone. I dropped it, and one
of the control joysticks dislodged and locked in a certain position. So,
I had to pull it apart.” They characterised what follows as the “most
annoying” part of this disassembly, which was helped by an earlier
instance with their son involving uncommon screws. They state:
“By pure luck, my son had a similar situation with one of the paddle
buttons on his Nintendo Switch controller. .. I looked at it initially, I
was like, ‘Oh, yeah, that’s easy enough! I've got some precision screw-
drivers, I'll just pull it apart!’” and then I realized they’re these weird
tamper proof Tri-wings — they’re not Phillips head [screws], they’re
Tri-wing! And I'm like, ‘Oh! well, well I didn’t expect that!’ So, then I
got on to Jeff Bezos [Amazon] and they hooked me up with a nice set
of tamper proof precision screwdrivers! Thank you, Jeffrey Bezos! and
so now I've got a set of them, so that slowed me down but then I fixed
his! — but my eight-year-old was so disappointed that ‘dad couldn’t
fix it!” and it was my fault for not having the correct screwdrivers! So,
I'm glad that Uncle Jeffrey can help me out there, but then I got to
use those again from my own [controller].” This instance highlights
how this participant, who has forty-years of experience working
with various tools and machines, did not have the tools in their
assortment to be able to disassemble the components initially. The
compounding aspect of this is the social implication of the son’s dis-
appointment who felt that their dad who was so clearly tech savvy,
should have had the tools just adds to the negative experience for
the participant. They then returned to describe the challenge they
faced with the repair of their phone’s controller, adding ‘T noticed
again that they [Razer Kishi] use the tri-wing proprietary FU screws’
as I call them on the outside — but on the inside they’re just regular
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precision Phillips head screws. And again, what was stopping me. . .
one of the screws was a different length! and that stopped me being
able to reassemble it correctly. Just one that just set up that little bit
higher because it was the wrong length. And I missed it the first two
days, so it took me the third go, and then I figured it out. But I've got
it working again”. So, it is not just the head of the screw that was
problematic, but also that of the seemingly similar assortment of
screws, having one screw off by a visibly negligible length, led to
two days of extra work.

These non-standardized and incompatible connectors trace back
to unnecessary complexity in P6’s view, who argues “It’s capitalism,
baby! It boils down to that, it’s capitalism and consumption. And
that’s the reason that. .. we’re faced with compounding, divergent,
complexity, and often its complexity, which is unnecessary complexity.
Totally how come we’ve got bayonets and screw globes? I mean, that’s
like that. That goes, that’s fucking Edison and Tesla man! goes back to
them — stupidity, still around! Like that’s insane, that it’s still around.
Like, why do I have a box full of cables downstairs of varying sizes
and shapes and descriptions? Madness! if designers were in charge, I
believe they would offer simplicity. .. but that’s just a stupid belief.”
Interestingly, P6 does not attribute this incompatibility here to de-
signers, but to the environment that they design in. This leads to
the question of who is responsible and should be held accountable
for designing technology that could be easier to use and unmake?
This further, speaks to the very first declaration D11 about incor-
porating unmaking literacies into the design process itself, which
results in the final iteration of this declaration:

D11, Best practices around technology design, materi-
ality, and interconnectivity are necessary to facilitate
unmaking literacies and value judgment
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4.4 Facilitating or Supporting Engagement with
Unmaking

Breaking down e-waste at an industrial scale can be resource inten-
sive, and not rewarding (i.e., low value return for effort). However,
there are alternative, creative social avenues that can be explored
to make this process more enjoyable. P12, who manages a social
enterprise that focuses on community building through e-waste
recycling talks about a creative and novel opportunity for ‘crowd-
sourcing’ unmaking (or as it is characterised here — smashing). P12
details an arrangement their organisation has with a local business
that creatively helps facilitate the breaking down of certain e-waste
into scrap-ready components. The business has “a place you go
to, pay money, and release your anger and stress by smashing stuff!
...we were collecting all their ‘dirty metal’, so, all the items that are
getting smashed! And we would give them items, they’d smash ‘em
and we’d pick it up. So, they were showing their sustainability, they
were helping the environment, and in return we would just get free
smash sessions, because you know, we loved to do it” — P12. This
indicates that unmaking can not only have cathartic value in terms
of releasing stress, but that there is also an underlying social op-
portunity, to develop a communal culture for unmaking. There was
further a certain degree of preparation required for breaking down
e-waste in this manner. P12 narrates “we’d take the inks out and then
give them the printer. .. glass and all that stuff. .. we can’t recycle
that, but we would pick up their dirty metal, which are the carcasses
of the items. .. and then take them to the scrapyard. So, anything
really, that was not [dangerous], the glass is fine. No batteries! We'd
always take, nothing with batteries.”

Outside of the commercial spaces where this form of unmaking
can occur, there is also an opportunity of playfulness that can be
embedded into communal e-waste recycling spaces. P12 comments
on the social etiquette for unmaking in this way — “we have a school
come in every Wednesday or Thursday, and one of the girls loves to
Jjust release her anger by smashing something. She’ll ask me politely,
‘can I please smash this?’ [I respond] ‘absolutely, let’s go outside!” but
remember I gave her a broom and say, ‘if you're going to smash it, you
got to clean it up!’ she’s got. .. goggles and gloves on, closed in shoes,
so she’s all secure, and then she just smashes and goes to town!” This
highlights how even an activity as seemingly destructive and messy
as smashing e-waste, can be structured in a way that is organised
and safe, while still being playful and fun.

This more visceral approach also helps reduce some of the bar-
riers or inhibitions people might face when it comes to engaging
with technology — and develop a more balanced appreciation for
just how e-waste is processed. P12 adds ‘T know [smashing is] good
for some people. .. some people are so delicate with the stuff and that’s
great, but. .. to the point where they don’t think they can break it.
[that] they’re not allowed to! And I'll say ‘no, no, this is all gonna get
shredded, this is gonna get scrapped! So, if you want to be delicate
with it and be nice, that’s absolutely up to you, but don’t worry about
breaking it! watch this, ‘crack’ (makes breaking sound)’ and they’re
like, ‘wow, you can do that?’ so, you can break in as much as you want,
but yeah there’s a line that you’ve got to go, hang on this person’s
disrespecting everything and throwing stuff — you’ve got to watch
that!” This again highlights how there is both pedagogical value
in understanding what happens during the lifecycle of e-waste,
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a specific etiquette, but also socially engineered acceptability for
unmaking with e-waste in this manner through demonstrations —
or as we phrase it in a new, fifth declaration:

D5'. Social practices and community engagement
should be leveraged to foster an unmaking culture

4.5 Motivations for Unmaking

The underlying motivations for people engaging in unmaking prac-
tices varied across the board, where some participants were getting
commercial value out of it, whilst others wanted to be more sus-
tainable and responsible in how they consumed technology. There
were however instances where the immediate social consequences
of unmaking were material factors in why participants chose to
engage in unmaking (especially for repair) and when they opted not
to, as detailed in the cases that follow. P7, a seasoned repair techni-
cian lives by the virtue “with sufficient information, technicians can
repair anything.” They recall an instance about repairing an air con-
ditioning unit in their house that was 20 years old. They looked up
the repair process and realised the call out fee was quite high. They
say “I was able to find the service manual online, which included a
troubleshooting guide, which greatly assisted me in narrowing it [the
fault] down to a small board in the outside box of the air conditioner.”
They continue — “When I opened that box up and pulled it out, and
Jjust sat down and looked at this electronic board, not with any meters
or testing. Sure enough, there was a component that had cracked, a
soldering joint you could see it, just the vibration of the unit over the
years had gradually fatigued this metal joint. As soon as I saw that, I
went and put on my soldering iron. I soldered it up, I put the board
back in, put the connectors on and switched it on. And the thing’s
gone for another six years.” Although the previous encounter with
unmaking that led to repair was successful, P7 shared a subsequent
account where the AC developed another fault. ‘T spent a couple
of hours investigating, was not able to reach that conclusion exactly
what was faulty. .. I was stuck. But, realistically, and my partner is
much more sensitive to hot weather temperature for sleeping at night
than I am, and I totally agreed [to replace the unit].” Adding “my first
technical instinct is no, let me have a go at repairing it. So I did that
successfully, we got another six years out of it. This time I became
really stuck, and it was pretty easy to say — yes, we shall get a new
air conditioner. If I spent another 50 hours, I might find it [the fault],
but really is it worth it? A divorce would cost me far more than, a two
and a half thousand air conditioner.”

In contrast, P8, an industrial designer and advocate for replacing
devices that require repair, believes that consumers should let ex-
perts deal with technology. They however describe the one device
they most frequently repair themselves, their dishwasher. They
explain, the cost of repair is more than the value of the appliance
itself, and they did not wish to wait for the replacement if they
bought a new one, given its frequent use — ‘It was an old dish-
washer, I really wanted it to work! because I didn’t want to wash the
dishes! So, I pulled it apart and fixed it and put it back together again.”
They drew on their training as an industrial designer to repair the
appliance, stating “yeah I had like three kids in nappies and seriously
(laughter) because desperation called!” — highlighting external fac-
tors influencing the motivations for unmaking, even if for the sake
of identifying faults and repairing the appliance to extend its life.
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Table 2: Final Unmaking Declarations

# Declaration

D1. Best practices around technology design, materiality, and interconnectivity are necessary to facilitate unmaking literacies
and value judgment

D2. Material decisions and compatibility options have consequences on sustainable unmaking possibilities and trajectories

D3. Unmaking has a fractious relationship with capitalism, but technology must be designed to be both commercially viable and
unmaking-friendly

D4. Folk strategies developed through repeated unmaking highlight unsustainable unmaking trajectories in current technology
design and suggest ways for how to design better for sustainability

D5. Social practices and community engagement around a plurality of motivations should be leveraged to foster an unmaking
culture

Understanding the plurality of motivations behind unmaking can
make it a more pervasive social practice, so we extend D5' into the
final version of the fifth declaration as:

D5, Social practices and community engagement
around a plurality of motivations should be leveraged
to foster an unmaking culture

5 DISCUSSION

Unmaking has been of significant interest to the HCI community,
with special attention towards understanding the pragmatics of
unmaking [75]. Extant discourse about unmaking and sustainability
has identified the challenges associated with planned obsolescence
[72], the importance of visual inspection [68], and how the indus-
try has disincentivized releasing products that allow for repair or
restoration [24] — all which have also emerged as relevant topics
in our findings. Our study supports these concepts with current,
vivid perspectives through first-hand accounts from people practi-
cally engaged in e-waste unmaking, adding depth to the way the
research community thinks about these issues and their impact on
the lives of people. This paper hence, concretizes themes identified
in previous work, by offering supporting evidence that grounds the
findings and reveals novel folk strategies around unmaking. Below
we unpack the unmaking declarations developed in the findings
(See: Table 2) to highlight the implications of this work for the HCI
community.

5.1 Unpacking the Unmaking Declarations

The section is organized as follows: we present each declaration,
followed by a one-sentence description, a discussion of the declara-
tion in light of extant literature, and the relevant implications for
unmaking and sustainable technology design.

D1. Best practices around technology design, materi-
ality, and interconnectivity are necessary to facilitate
unmaking literacies and value judgment

The first declaration relates to how the materiality of the com-
ponents (e.g., colours, chip content, and weight among other at-
tributes), played a vital role in determining how unmaking can be
used to create awareness, and educate the unmaker, about the com-
ponents, as well as capture and salvage valuable materials. Within
the current landscape where we are faced with increasing resource
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constraints (e.g., semiconductor shortage [6]), leveraging this av-
enue becomes increasingly important. The use of materiality to
judge value has been highlighted by Rifat et al. [68] previously, who
present the case of the ‘bhangari’ (e-waste recycler) community
in Bangladesh. Our findings reinforce the value of this approach,
where visual assessments play a central role in determining value
as demonstrated by P11 and P12, who share details of how chip
value is determined based on visual aesthetic, weight, and colour.
This finding highlights how similar practices are prevalent across
geographic and socio-economic boundaries, and the role physical
materials can play in supporting unmaking for salvaging value.
Furthermore, the use of visual prompts and indicators is quite
common in electronics e.g., (FCC) logos [31] and European Com-
mission (CE) marking [28]. However, these symbols are not meant
to be instructive for end users in the way other symbols designed
particularly for end users are (e.g., Bluetooth, Wi-Fi, battery icons).
There is precedence of semiotic indicators being of interest within
HCI literature (e.g., [49, 56, 66]) to develop literacies for end users.
In our findings, P10 highlighted how they attempted to have cus-
tom circuit boards printed to support additional functionality i.e.,
be playful and inviting for children to tinker with; while P11 and
12 also highlighted how visual elements are used to inform value
decisions. Extending this notion of leveraging materiality and semi-
otic, visual indicators, we can consider how to design components
that have more instructive content on them to facilitate unmaking
literacies. These indicators might include annotations in the form
of (1) details on the board itself e.g., coloured segments on bread-
board showing connections, links, and pathways; (2) text-based
annotations (i.e., names or descriptors of components within the
tech chassis); (3) component level pathways e.g., QR codes for com-
ponents which lead to video resources or in-text manual locations;
and (4) numbers to highlight sequence e.g., in what order to remove
subassemblies. These elements can be either printed on the compo-
nents or added as stickered labels — augmenting component level
awareness and knowledge. This enables us to understand the tech-
nology and how elements fit together at a component level and can
also feature aspects such as value of components (e.g., how much
rare metals are used), or even details about connections/tools re-
quired for disassembling them. We contend that this is a promising
avenue to explore for sustainable unmaking — leveraging symbols,
semiotic indicators, and iconography on electronics to develop a vi-
sual, component level vocabulary for unmaking and sustainability;
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a mechanism to create meaningful information for both industry
and end users.

There are no universal device construction guidelines or best
practices that lead to standardized techniques such as being con-
sistent with screws when designing a device. Beyond that, there
is no requirement for designers to declare how the devices are
put together. At this point where we are actively involved in both
the design and proliferation of emerging technologies, can we as
an HCI community address this? Can we try to develop a set of
heuristics that allow standardization of components, but also the
flexibility to add/modify/change the heuristics — so they are not sim-
ply inhibitors to innovation? Across these questions lies a central
challenge that kept resurfacing with participants, which is having
some form of consistency for screws and joints. The need to first
identify the type of connector, and then acquire specialist tools for
unmaking certain consumer electronics was seen as very problem-
atic. There are already examples such as the European Union’s push
to standardize all smartphone cables [64] (which has been met with
a lot of pushback from industry), however can something similar
be done for how we design the assemblies of technologies? These
literacies are foundational building blocks to facilitate unmaking
at scale — to develop better unmaking support tools, mechanisms,
and decision-making systems, to better judge value and unmaking
possibilities.

D2. Material decisions and compatibility options have
consequences on sustainable unmaking possibilities
and trajectories.

The second declaration captures how the material decisions made
during the construction and assembly of the technology products,
had direct consequences for how participants could engage with
unmaking the products when they were transformed into e-waste.
These material decisions can either act as enablers or deterrents
for certain unmaking trajectories and possibilities, such as reusing
or repurposing device components. For instance, using plastic that
is coated with fire retardant (P12) directly limits the possibilities
of what can be done with the plastic during unmaking, rendering
it predominantly unrecyclable, and making destruction the only
viable unmaking outcome. This speaks to the levels of unmaking
we as technology designers need to consider, even if only specu-
lating about the aftermath of using plastic [57]. When designing
interactive technologies, our HCI community must do more to con-
sider how each decision during the construction process, can limit
or create opportunities for unmaking trajectories. Materiality has
been of significant interest within contemporary HCI discourse
(e.g., [47, 48, 82, 92]), and is an important factor for us to consider
from the perspective of unmaking, during construction of products
i.e., how we can more deliberately leverage materiality to generate
more sustainable outcomes, beyond simply using recycled materials
as device components during construction, but also consider the
consequences for unmaking trajectories. The same applies for post-
unmaking component compatibility. Moments of disassembly and
repair are seen as creative opportunities, starting from the broken
and ephemeral rather than the new and novel [23, 45, 59, 85, 96]
— our data too demonstrates similar instances of creative oppor-
tunities through unmaking, such as P6 trying to hack together a
Bluetooth button as a camera trigger for smart glasses. The more
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technology we can unmake, dismantle, and pull apart while under-
standing how the underlying systems work and interconnect, the
more opportunities we have for using unmaking to create innovate
alternative, creative outputs.

D3. Unmaking has a fractious relationship with capi-
talism, but technology must be designed to be both
commercially viable and unmaking-friendly

The third declaration relates to how there is a pronounced, in-
herent tension between the competing commercial interests of
technology manufacturers with design that facilitates sustainable
unmaking trajectories. This is where participants highlighted how
manufacturer-led decisions about product design were incompati-
ble with, or rendered certain unmaking practices impossible. Closed
ecosystems, proprietary components, warranties, and built-in ob-
solescence are just a few aspects that as they currently stand, are
incompatible with true sustainability. The theme of "unmaking
and capitalism” [32] underscores many of our findings, with par-
ticipants commenting on the profit-centric motives of industry
at the expense of consumer interests. Revisiting SID principles,
Roedl, Odom and Blevis ask “can capitalist economies survive with-
out planned obsolescence, and if so, how?” [72], suggesting that “even
with the ability to identify and understand the dynamics of obsoles-
cence, how may designers and researchers avoid contributing to cycles
of invention and disposal? This begins with first considering what
problems actually merit a designer’s (or researcher’s) attention” [72],
which we extend to Grzeslo et al’s [39] argument of what scale of
influence do designers and researchers even have? Although this
finding has been reported in previous work [32, 73], it is important
to emphasize the frustrations of end users — as illustrated through
their unmaking folk strategies and practices — and their sentiment
about the systems that govern and distribute technology. Dourish
[24] characterises this as a systemic challenge that needs to be
addressed at multiple scales of influence and control. While not
enough on its own, unmaking still provides a mechanism for users
to reclaim control and ownership over the technologies they use.
We as designers of these systems should do whatever we can within
our realm of influence to facilitate this.

To realise any of the design recommendations, it is important to
consider responsibility, accountability, and buy-in across the value
chain. Afterall, systemic change requires policy, regulation, com-
mercial interests, and consumer behaviour to all work together for
any practical traction [15, 22, 24]. An obvious yet trivial takeaway
here is that we should attempt to make design more unmaking-
friendly at a policy level. But the frustration i.e., the lack of buy-in
or inability to influence systemic change at the policy or large or-
ganization levels, is why unmaking also needs to become a folk
practice. If we create more contexts and opportunities for unmak-
ing, i.e., develop both unmaking literacies and possible trajecto-
ries/applications for unmaking — the diffused knowledge and in-
teractions within these tightly-closed technological environments
might spread out the frustration, and lead to a more systemic change
through more bottom-up unmaking activism.

In addition to folk practices and policy changes, commercial
initiatives can play an imperative role here. Apple for instance has
recently expanded its Self Service Repair program [3], intended for
providing individuals who have the knowledge and experience
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of electronic device repair, to access repair manuals, order parts,
and buy or rent repair toolkits [4]. This is a step towards making
unmaking more accessible to end users. In similar vein, the con-
cepts such as the modular phone are seen as utopian archetypical
visions for sustainable technology design. Many such concepts have
failed to get traction e.g., Project Ara by Google [38, 63], where com-
ponent subassemblies could be swapped, replaced, and upgraded;
LG developed modular components for their G5 smartphone [53];
and Facebook (now Meta) filed for a patent for modular devices
as well [26]. Still a more successful modular smartphone is the
Fairphone [30] a device that is a 100% e-waste neutral, uses fair
materials, is built to last, and aims to be the easiest to repair in
the industry — which indicates that such concepts can be realised
and successful. Contemporary movements for democratizing sus-
tainable technology production practices have also gained traction,
such as the Gathering for Open Science Hardware [36] and Open
Source Hardware Association (OSHWA) certifications [36, 62]. As
it stands, a vision of modular, sustainable consumer electronics
has not been successfully realised — but we have small pockets of
examples where commercially successful/viable options do exist.
We also recognise the promising and perhaps necessary role that
automation might have in supporting unmaking at an industrial
scale, given the current rate and projected growth of e-waste gen-
eration. However, to develop automated decision-making systems
and support tools for unmaking, understanding folk strategies and
practices of individuals engaged in e-waste unmaking is a neces-
sary foundational step; revealing possible application areas where
automated support systems can facilitate unmaking.

D4. Folk strategies developed through repeated un-
making highlight unsustainable unmaking trajecto-
ries in current technology design and suggest ways
for how to design better for sustainability.

The fourth declaration highlights how folk strategies developed
by participants illustrate how sustained engagement with e-waste
unmaking reveals pathways that may subvert systems intentionally
designed to be unsustainable for unmaking. Unmaking in the liter-
ature is often closely aligned to, or is seen to have a strong affinity
with sustainability. However, as illustrated by our participants, un-
making in practice can have unsustainable manifestations e.g., P11
detailing the destruction of gaming consoles due to legal liability
and warranty concerns, or P12 using unmaking to destroy/smash
old electronics as a means of stress relief. Constructs such as “elim-
ination for good” advocate for critical and pragmatic approaches to
determine if products, objects and technologies are worth the envi-
ronmental harm they cause [35, 84]; similarly salvaging materials,
recycling and repurposing components all have noble intentions;
yet unmaking does not always entail these values. Our data illus-
trates ‘unsustainable’ unmaking — cases where instead of helping
improve the environment, unmaking can lead to further resource
loss or outcomes incompatible with sustainability. We must then
ask what this means in terms of our understanding of unmaking?
What consequences do unsustainable unmaking activities actually
have? These questions can suggest opportunities to improve our
approach towards policies, regulations, and how we consider the
end-of-life of devices.
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As presented in our findings, those engaged with unmaking often
develop their own folk strategies through their experiences, e.g.,
developing the practice of rubbing one’s finger on device stickers
to locate hidden screws (P4, P12). The human brain is inherently
predisposed towards processing information through the hands
[93], this was highlighted in our findings, where P3 and P4 talk
about the hands being our first tool, and P4 sharing they look for
inherent weaknesses by feeling the material. The importance of
the hands is illustrated through the concept of the Homunculus, a
representation of a distorted human form, where each feature of
the body is depicted in proportion to its use, from a neural map
of the brain [77]. Blair & Rillo [10] argue that “your hands are the
search engines of your mind” when talking about the role of hands in
design activities. Rifat et al. [68] also highlight the importance of the
hands as a tool for unmaking. This profound connection between
the brain and hands means the hands are not only tools to gather
information and manipulate matter, but also assist in cognition
and creation of meaning [37]. Indicators such as markings may
become a means of guiding material explorations, to better equip
individuals to get a richer sense of how to unmake e-waste (e.g.,
P12 commented on how batteries and anything harmful, or that
could explode, must be removed before unmaking-by-smashing
should take place). Indicators might also help identify and locate
what materials are (or can be) compatible, and which ones cannot
(or should not) be used together. However, by understanding how
people use their hands — among other folk practices — we better
understand how the process of unmaking unfolds. This insight in
return can help us design technology better suited for unmaking.

D5. Social practices and community engagement
around a plurality of motivations should be leveraged
to foster an unmaking culture

The fifth declaration highlights the critical role social practices
and motivations play in fostering a culture that encourages unmak-
ing through necessary practices, rituals, and behaviours. Within
our findings, unmaking predominantly related to utility-based ap-
proaches of dismantling e-waste. However, as an ideology, unmak-
ing also lends itself to social activism (e.g., [32, 73]). Within our data
there is also the case of crowdsourcing the ‘smashing’ of e-waste
(P12). This reveals a unique opportunity to foster and develop so-
cial and cultural activities that instil values of unmaking. This is a
vital finding for the HCI community as it exemplifies how unique
practices like this exist in the social world, and it radically shifts
how we might think about the unmaking ecosystem. In this paper,
we have presented the case of two organisations sharing e-waste
resources to have end users come and ‘unmake’ them to a state that
is of value to both. This finding also reiterates the importance of
conducting rich, contextual, bottom-up research about unmaking
in the real world, if even to explore how theoretical concepts from
HCI discourse practically manifest. This helps not only identify
potential blind spots for how HCI understands unmaking, but also
reveals how people engage with unmaking and potentially uncover
unique and interesting application possibilities.

The discourse around unmaking predominantly looks at the
practice as a means to foster sustainability. However, in reality there
are many possible answers to the question ‘why do we unmake?’
This includes economic motivations, individual values and beliefs,
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but also social factors. There are numerous goals, applications, and
purposes behind unmaking. Repair is a commonly highlighted one
[42, 44, 45], which was also observed in our data (e.g., P8 attempting
to fix their dishwasher; P7 attempting to repair their AC unit; P5
repairing their joystick). However, there are far more diverse and
nuanced motives for unmaking, including unsustainable reasons
(e.g., console destruction for warranty P11; smashing e-waste to
release stress P12), salvaging materials (e.g., screws being salvaged
from various e-waste P1; collecting valuable elements from e-waste
P11. P12), and creating new innovations (P6 connecting Bluetooth
button with smart glasses). Understanding these various motives for
how and why unmaking is done helps establish a better appreciation
for how we might design technology. These trajectories provide
deeper insight into what possibilities and opportunities exist when
designing for ‘end-of-life’ of technologies [39], and to better design
for ‘disposal’ [11].

5.2 Towards Sustainable Unmaking

Grzeslo et al. [39] have concluded that technology scholars and
designers hold limited influence on technology once it enters the
real world. In practice, many aspects that influence the design and
manufacturing of current technologies, even prior to being put into
the real world, are inhospitable to unmaking. They come directly
from the disincentives of companies and designers whose interests
are not aligned with those that foster sustainable technology design.
Therefore, if the entities dictating and controlling technology design
are actively working against sustainable unmaking, it is important
for us to reflect on what can we do within the realm of our control
as an HCI community to create a step-change and disrupt the status
quo. We must closely consider how we may create avenues that
facilitate unmaking, to promote, and support sustainability at an
individual level, and also get traction at a more systemic level.

Song and Paulos [80] argue that ‘sustainable “unmaking™ plays
a critical role in actioning Blevis’s [11] call for “promoting renewal
and reuse”, and “linking invention and disposal”. It is only through
more nuanced understanding of applied cases of unmaking at the
individual levels, such as those presented in this paper, that we can
locate creative alternative means to disrupt the current norms of
technology production and consumption. These folk practices exist
in real-world settings, therefore understanding the social contexts
within which they manifest, reveals rich pragmatic considerations
and strategies for us to explore further. Perspectives that advocate
for critical and pragmatic approaches to evaluate the environmental
costs of technology [35, 84] or whether we should use technology at
all [65] can see through our participants’ accounts, how individuals
are practically reclaiming control over technology through unmak-
ing. Even with the unsustainable technology systems that persist,
there is room for successful practices and strategies to create im-
pact. This could mean adding visual indicators about component
value (learning from P11 and P12), or something as basic as what
tools/toolkits might be required to dismantle certain electronics,
printed on the device chassis. Further, power structures and imbal-
ances that dictate design decisions need to be critically recognised
and appraised across the technology design and unmaking lifecy-
cles. We must consider ‘how’ change can be driven through the
different levels of influence.
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The examples presented in the findings demonstrate how people
at a grassroots level are engaging with unmaking praxis. Without
profound supporting policy and regulations, and buy-in from the
industry, individual-scale strategies and practices provide evidence
of encouraging possibilities for sustainable unmaking within these
functional, broken systems [46]. As technology researchers and
designers, we come from a unique position of opportunity, to create
informed decisions that might help support bottom-up unmaking
approaches. We can learn from real-world engagements and entan-
glements with unmaking to better design technology that invites
(and even encourages) unmaking possibilities. Micro-level interven-
tions can add up and help further this movement. The declarations
derived from the findings, identify key areas of focus through which
we might better design technology that facilitates unmaking. The
folk strategies presented in this paper are a departure from more
traditional, expert driven approaches towards unmaking; instead,
they are a by-product of sustained, and on ground, lived experi-
ences of individuals engaged with unmaking e-waste. They reveal
a catalogue of diverse and pragmatic considerations, of how indi-
viduals understand, decipher, negotiate, and traverse the unmaking
process. The folk strategies provide unique, individual-centric, sit-
uationally grounded perspectives, which are not driven by the
theoretical ideals of unmaking. Hence, they enable us to not only
see real-world applications of unmaking concepts, but also forecast
examples of (possibly unchartered) alternative approaches towards
unmaking. The practice-based knowledge generated through these
folk strategies collectively is quite robust, as it has been developed
and curated over multiple, sustained engagements with e-waste
unmaking, demonstrating how different individuals negotiate simi-
lar challenges and activities. Applying this knowledge to inform
the design of technology, enables us to explore possibilities for
democratizing unmaking, by creating scalable products that are
more considerate of folk unmaking practices, and therefore possibly
more relatable and useful in advocating for unmaking to a larger
audience — creating more opportunities for unmaking.

Some of these findings might in certain cases seem trivial or
mundane, but the fact remains that the industry and academia are
already aware of what might characterise the interventions and
solutions needed for sustainability. Yet we still struggle to get trac-
tion when it comes to designing sustainable technologies that grant
users agency, control, ownership — including the right to unmake
them. Moments of disassembly and repair are creative opportuni-
ties (as illustrated by our findings) that originate from the broken
and ephemeral rather than the new and novel [23, 45, 59, 85, 96].
The value of these accounts, including practices and strategies, lies
in how instructive they are for how we can design better — even
if they are mundane. We need more studies with folk accounts
that expand our understanding of unmaking in the e-waste land-
scape. Taking on such a pragmatic orientation highlights unique
possibilities for what it means to engage with e-waste, such as
crowdsourcing the destruction of elements that might otherwise
require intensive mechanical processing, and turning what is other-
wise a mundane, factory-based process into one that might become
a social practice and an avenue for creating awareness and advocacy
for sustainability.

Many of the examples used in this paper focus on unmaking in
the physical world, particularly regarding hardware components.
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However, the insights can be extended to encompass both hard-
ware and software. For instance, we can broaden our perspectives
to consider whether folk strategies can be applied to digitally un-
make systems. This expansion may involve exploring questions
about repurposing, utilizing, and adapting legacy infrastructure,
systems, and software. We can also investigate how to unmake
software as a way to comprehend system complexities, or reconfig-
ure and optimize them by eliminating inefficiencies and redundant
code, removing outdated code blocks, and adopting purpose-fit,
forwards compatible software packages that facilitate repurposing
old hardware.

To realise the suggestions presented in the unmaking declara-
tions, we need systemic change [24]. Practical steps can be taken,
such as standardizing tools, joints, and connectors across devices.
Additionally, we can explore avenues for cultural shifts, such as
engaging the community through crowdsourced unmaking and
considering how the end-of-life of technology can become a space
for social involvement. However, it is crucial to critically evaluate
the impact of these changes on end users in order to achieve success.
For example, does revealing hidden screws behind stickers invite
tampering and compromise the safety of end users? Does standard-
izing screws/connections and moving away from glued components
affect functionality and user experience? Understanding the trade-
offs associated with designing technology that supports unmaking
is essential. There is no singular solution, but rather a mosaic of
incremental steps that, when combined, can help transition us from
a throwaway society to an empowered, unmaking society.

6 CONCLUSION

If we look beyond the technology producers’ commercial agenda,
even the e-waste recycling industry operates on tonnage, i.e.,
weight, but the greater the sizes of the devices or weight (or rarity
of materials) is not necessarily good for the environment. Not all
countries are equipped with the capability or capacity to process
and harvest valuable materials e-waste — resulting in the e-waste
being sent overseas and redistributed. There is a very real risk we
lose materials such as rare earth materials in trace amounts into
landfill. There is no self-sustaining form of e-waste recycling as it
stands — but even beyond that if we look at more established infras-
tructure such as general recycling, there is not enough awareness
nor standardization of practices globally. Within Australia alone,
questions as foundational as does the pizza box with grease stains
go into recycling or landfill bins changes based on where you are
[97]. Local e-waste systems therefore need to operate in ecosystems
of e-waste, not just stand alone at points in the value chain. We
must therefore spend greater time and effort understanding how un-
making of e-waste happens across multiple touchpoints, in various
settings. This study acts as an archetypical exemplar of how taking
a pragmatic orientation towards studying unmaking with e-waste,
across multiple domains, enables us to better understand the nu-
ances of how possible trajectories and opportunities for designing
more sustainable technologies. By locating folk practices, strategies
and values adopted by multiple stakeholders, and uncovering social
motivations and consequences of unmaking makes clear the value
of investigating diverse domains. Song and Paulos [80] contended
“invention should not be made without a detailed plan for disposal of
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materials that will result” Our findings highlight distinct, yet obvi-
ous steps that the HCI community can take to practically embed
these plans within the actual materials that we design. Our paper
presents a window into the real-world, that illustrates how some
of the concepts we understand in theoretical discourse, practically
manifest; whilst also revealing nuanced depictions of those that
might not be fully appreciated. Dourish [24] citing Lewin [52] states
“there is nothing as practical as a good theory” — while Dreyfus [25]
argues that the world is its own best representation i.e., real-world
accounts are far more valuable in understanding practices. Hence
it is imperative to continue to paint vivid, data-driven pictures,
with rich, practical accounts of contemporary unmaking in the real
world through bottom-up studies. We hope this work can further
our efforts to develop a shared ontological understanding for un-
making in HCI as researchers, but also helps establish the basis for
developing more participatory approaches towards understanding
sustainable unmaking.
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