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Abstract

This article considers the practice of hacking in terms of making and modifying three-
dimensional objects. In line with the work of a number of prominent thinkers in the field,
the practice is considered to be a deliberate act by end users to not only understand,
make accessible, de-alienate, appropriate and personalise products but also to demystify
what Latour refers to as the ‘black box’ effect of established product archetypes. Where
hacking is typically considered a post-production process, it is argued here that upfront,
design-led approaches intended to harness downstream end-user post-production
hacking (pre-hack) are in line with Jones’ call from over three decades ago for design
divergence and continuity through collaborative processes — which we now find in the
field of Open Design. This is discussed in light of the broader context of sustainability,
which needs innovation from the ground up as well as top down.

Keywords
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Introduction

The term ‘hack’ has had many connotations over time, although commonly it is associated
with unauthorised software-based security-breaking behaviour (Stallman, 2004-2014).
However, its roots lie the late 1950s where, at Massachusetts Institute of Technology
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(MIT), the title ‘Hacker’ was adopted by a group of artists, computer scientists and engi-
neers who believed innovation stemmed from taking things apart, seeing how they worked
and using that knowledge to create new, innovative things (Levy, 1984: 26-27). Maker
culture has recently revived this sentiment, where the term ‘hacking’ is again applied to
tinkering activities — where small changes are made to something, especially in an attempt
to repair or improve it. These activities reveal the inner workings of physical artefacts and
afford transparency in underlying systems, structures and functions for subsequent altera-
tion and improvement (Burnham, 2009; Knott, 2013; Wang and Kaye, 2011).

Maker culture, otherwise known as the ‘Maker Movement’ (Dougherty, 2012;
Monitor, 2011), has a number of historical precedents, notably the Arts and Crafts move-
ment, specifically the work of William Morris and his Kelmscott Press (see Naylor,
1971: 110-112); the open-source architecture of Ken Isaacs; the autoprogettazione (self-
build) furniture of Enzo Mari; and fanzines, particularly those of the punk movement
(see Triggs, 2006). An independence of production figures strongly in all these exam-
ples. The writings of John Ruskin, which influenced Morris, significantly speak against
the alienation of man by industrial capitalism from the products of his labour. Ruskin
called for a unification of manual and intellectual labour and celebrated the products of
this unity (Anthony, 1983: 104). It is argued here, however, that the importance of Maker
culture lies not merely with a renewed appreciation of the joy of labour but also, and
more importantly, with its newly democratic, empowering and sustainable possibilities.
Maker culture invites end-user participation in the development and production of arte-
facts and digital content. Many who engage in the activity aim to demystify information
and technology to empower others to contribute to cycles of innovation. In its drive to
include the end user in the development and production of artefacts, Maker culture
actively works to neutralise end-user spectatorship and to collapse institutional and
cross-institutional hierarchies (Atkinson, 2006; Von Hippel, 2002).

Maker culture differs from similar past movements in that it is facilitated by a remark-
able shift in Internet connectivity, and in some cases, this extends into the use of small-
scale, consumer-oriented, digital manufacturing technologies. Low-cost three-dimensional
(3D) printing, computer numeric controlled (CNC) machining, laser cutting and robotic
machines have become more prevalent in the market and have continued to markedly
diminish in cost since the mid-2000s when a number of landmark initiatives became pub-
lic, including the Reprap open-source, self-replicating 3D printer project, founded by
Adrian Bowyer (Bowyer, 2011; Jones et al., 2011; Sells et al., 2009); the Fab Lab, a low-
cost fabrication laboratory comprising digitally enabled manufacturing tools, founded by
Neil Gershenfeld (2005); the Creative Commons license, established in 2001, which ena-
bles users to share source documents, digital models and intellectual property freely in a
share-and-share-alike agreement (Katz, 2011); and Thingiverse (MakerBot Industries,
2016), a repository of user-generated digital 3D models that can freely be downloaded by
anyone (Pettis, 2011).

These enterprises were designed to democratise the practice of making and provide
equitable access to products and services for everyone around the globe. Furthermore, they
have enabled hacking of physical artefacts, beginning with the upfront digital 3D master-
model file, which can be modified at will and manufactured at home — with the modifica-
tion often being returned to the open-source network. The impact of these separate
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interventions illustrates Michel De Certeau’s (1984) distinction between ‘tactics’ — the het-
erogeneous, often spontaneous decisions made by individuals in everyday life — and strat-
egies’ — used by institutional powers as means to direct unified social, spatial and political
production (p. xix). The tactical provides a means to think through the significance of new
forms of hacker-led goods production.

Although these new forms of production may be explained as a moment on a contin-
uum of manufacturing from Fordism to post-Fordism (and possibly beyond), it can be
argued that trends towards the intersection of the roles of designer and maker — and, in
particular, the use of Open-Source Hardware and 3D printing — represent a tactical recla-
mation of manufacturing. That is, it is characterised by the activities of individuals and
informal, impromptu networks of individuals who are accessing new technologies to
create goods in a self-directed, somewhat empowered and ultimately ad hoc way. This
tactical approach often sets up an awkward, and many times oppositional, relationship
with the dominant post-Fordist sociotechnical frame (outlined below). Maker culture in
many instances parasitically borrows from this closed system to make open artefacts, in
some cases encroaching on protected intellectual property. At ground level, Makers often
break down existing artefacts into constituent parts and recompose them into new objects.
Burnham (2009) refers to this as Hackufacturing, where the intellectual property of the
source design remains with the designer, but the final product is anchored in the resources
and realities of the local manufacturer who can alter and realise it in any number of ways.
De Couvreur and Goossens (2011) refer to this as “physical hacking’, which requires the
user-manufacturer to be creative with the resources and skills at hand, leading to reusing
components and materials available in the local context.

The post-Fordist sociotechnical frame makes products that feed passive consumption,
discourage end-user intellectual contribution, and, if hacked, are done so post-production
by unauthorised means. Alternatively, Maker culture opens access for anyone to be
involved in the process of innovation. In light of current manufacturing systems, con-
sumption and sustainability, the relationship between hacking and mass production is
discussed in section ‘Sustainability, post-Fordism and functional stability’. It is argued
that through open access, the evolution of more sustainable activities, products and ser-
vices can be expedited by promoting more strategically organised circular systems — or
balancing the tactical and strategic. In a world of Internet connectivity, a global collec-
tive of small changes can equate to large innovations over time.

Section ‘Mass production, the black box and post-production hacking’ explores top-
down open systems that include end-user contribution as an upfront strategy and, further,
rely on continuing and authorised user-driven innovation for continuing development. In
many respects, this is already occurring through Open Design projects, that is, artefacts that
are deliberately designed to be hacked pre-production — referred to here as ‘pre-hacked’.

Sustainability, post-Fordism and functional stability

Sustainability requires broad-scale technological, sociological and behavioural shifts,
and in the short term, a technological approach is limited in efficacy without support
from behavioural changes that can give rise to long-term sustainable technology uptake
(Chapman, 2007; Hoffert et al., 2002; Moriarty and Honnery, 2007). However, in the
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realm of environmental sustainability, there is a gap between environmental awareness
and behavioural change (Anable et al., 2006: 20), and given a technologically led
approach is not likely to engender broad-scale, short-term sustainability, social-based
systems and behavioural approaches need to be devised on both macro and micro levels
(see, for example, Fuller and Snyder, 1969: 24; Manzini, 1999; Morelli, 2002; Moriarty
and Honnery, 2007; Thorpe, 2007).

The ability for post-Fordist systems of production to bridge the gap between environ-
mental awareness, sustainable social behaviour and new technologies, however, comes
into question. If, as Verbeek (2006: 361-366) suggests, artefacts mediate human experi-
ence, our interpretations of reality and actively contribute to moral and ethical decisions
(regardless of whether it was intended by the designer or not), they need to lead end users
towards sustainable behaviour. However, Jessop (2005: 151) argues that the political and
moral leadership, which was present in Henry Ford’s developments, is absent from post-
Fordist consumptive ideals. Ford’s (1922) ideological aim to democratise personal trans-
port in a way that was previously only available to the wealthy was built on the values of
service, waste reduction and generosity (p. 16), and these governed the design of both a
new technology (i.e., motorised vehicles) and the production system that made them eco-
nomically viable and accessible to a broad end-user base. Jessop cites Gramsci (1971) in
putting forward the notion that this Fordist consolidation of accumulation, which criti-
cally depended upon the exercise of political, intellectual and moral leadership, translated
into the reorganisation of an entire social formation. He goes on to say that post-Fordist
approaches lack the spectrum breadth of Ford’s ideological framework, relying on a more
limited band of ‘technological innovation coupled with specific changes in the labour
process, enterprise forms, forms of competition, and other narrowly economic matters’
(Jessop, 2005: 151).

As Amin (1994) states, post-Fordism broadly represents a transition from an era of
mass production to a new set of organisational principles that engender a ‘long wave’ of
prosperous and sustainable economies (p. 6). Citing Tomaney (1994), Hyman (1991) and
Dankbaar (1992), he argues that this is being made possible through new technologies
that encourage new forms of worker—employer cooperation and worker involvement,
which culminates in ‘a new industrial democracy reversing the Fordist interpretation of
workers as a restraint in production’ (Amin, 1994: 6).

While technology has facilitated evolving workplace structures like workforce flexi-
bility and more adaptive, changeable (and globalised) manufacturing systems, it is ques-
tionable whether Amin’s idea of post-Fordist organisations exists as he describes them as
the dominant form — certainly from my experience within the automotive design field I
would suggest that labour roles were not as democratised as could be expected. I left the
industry in 2005, and until that time at least there remained a Fordist-like division of
labour and strong expectations of where, when and how my work would be undertaken,
despite new collaborative technologies. Additionally, while post-Fordist industry has
seen a shift in focus from economies of scale to ‘economies of scope’ — a hallmark strat-
egy since the 1970s for maintaining company resilience by increasing product choice
(Hirst and Zeitlin, 1997) — product differentiation, dynamic obsolescence, stabilisation
of function (explained below) and the separation of style and function for product mar-
ketability remain at the core of design for mass production.
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Mass production, the black box and post-production
hacking

While Henry Ford did not invent the concept of mass production (Bachelor, 1994: 66;
Clarke, 1990; Norcliffe, 1997), he can be credited with revolutionising the industrial era
by fragmenting tasks and standardising components to make the assembly line possible
(Clarke, 1990). Through the implementation of efficient mass production, Ford was,
among other things, able to achieve a sociotechnical shift in the democratisation of per-
sonal transport (Bachelor, 1994: 15). That is, his radical innovations in manufacturing
facilitated widespread access to automobile technology, thus instigating the social and
economic consequences of a certain type of individual empowerment. However, in order
to minimise production costs, Ford opted to forego product diversity in favour of stand-
ardisation to achieve economies of scale (see, for example, Daugherty and Pittman,
1995; Langlois and Robertson, 1989; Scott and Storper, 1990). Ford’s (1922) democrati-
sation of transport through efficient mass production required a hierarchical system:
where the product was the primary determinant of the manufacturing approach, followed
by the production system itself, then the needs of the end user and last, the engagement
of the worker (p. 15). This evoked a linear product-development-to-market pathway
where workers were assigned limited tasks and end users were excluded until point of
purchase. Of particular importance to this system is the stabilisation of function: an
aspect of Fordist manufacturing that remains at the base level of contemporary post-
Fordist product manufacturing. Design and engineering in manufacturing, which provide
requisite ‘centres’ of innovation (Amin and Thrift, 1992), typically focus on developing
artefacts as functionally complete, refined and stable units in order to best facilitate the
practice of mass production (Jones, 1983: 55).

Jones (1983: 55) describes this as a function-focused method, which consists of
designers and engineers engaging in a cyclical process of defining elements, defining
functions, considering the alternatives, evaluating those alternatives and selecting the
best solution. The strength of this approach is that the function of each part of an artefact
can be designed to be stable and predictable, which means that a product’s end-use reli-
ability can be ensured upfront when investments are made for mass production tooling.
This product reliability has an impact on sales and, as a consequence, on investment
returns. Additionally, given the separation of engineering and industrial design input, it
also allows the restyling of appearance without fully redesigning the mechanical compo-
nents for every new model, thereby minimising resources and cost (Jones, 1983: 55).
Long development lead times and high investment costs are required to ensure artefacts
are complete and stable at the point of market release. These means companies need to
maintain confidentiality during product development to ensure a competitive edge at the
point of release, and again, positive returns on investment.

Knott (2013) states, however, that the function stability approach perpetuates the
notion of ‘passive consumerism’, where the end user accepts commodities as finished
articles ready for judgement, exchange, arrangement and use. Jones (1983: 55) argues
that this comes with sizeable costs, as it creates inflexible, overspecialised, homoge-
nised, unalterable, unrepairable products, which impose obligatory use and disposability.
While it can result in some highly sophisticated outcomes, he argues that it relegates
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end-user agency to spectatorship, in many respects alienating them from the very prod-
ucts intended to facilitate daily life.

This can be conceptually understood through the lens of Latour’s (1987) ‘black box’
theory, which describes how an artefact containing a large number of elements and
located within a sociotechnical frame become viewed as a singular ‘whole’, while it
actually embodies a highly complex actor-network derived from both human and non-
human interactions (pp. 130-132). Over time, the appearance of unity comes to be
accepted as unquestioningly self-created and complete. The underlying system is taken
for granted until something goes wrong, at which point the artefact’s complexity and
reliance on a broader network of actors are recognised (but not necessarily understood).
In this way, the styled exterior surface — literally serving as a ‘box’ surrounding the
underlying functional technology — sends a clear message to the consumer that they are
being invited to desire the whole, externally identifiable object, but not to understand its
inner workings nor tinker with the complex technology inside.! As a result, unauthorised,
often highly skilled, post-production hacker activity is necessary to crack both the confi-
dentiality surrounding the source designs and the inner working of the designs them-
selves to make intellectual property available to a broader end-user base.

Openness, Open Design and pre-hacking

Jones (1983: 59-60) challenges the notion of designing for functions to be held stable
within artefacts over time, given user requirements are only temporary within a contin-
uum of sociocultural trajectories. Instead, he calls for open methods of design to encour-
age divergence and continuity through collaborative processes, which he argues would
allow for the changing requirements of the artefacts we use day to day. To achieve this,
he argues that the design ‘process’ should be seen as an end in itself rather than a means
to an end, thus elevating it above a resulting artefact — which should merely mark a point
in time rather than claim pre-eminence in its own right (Jones, 1983: 57). What he is
describing here has marked similarities to the Open-Source Hardware movement, where
products are intentionally designed to be understood, re-envisioned and remade — that is,
an authorised pre-production hack or ‘pre-hack’.

Returning to Jessop’s (2005: 151) call for the reintroduction of political and moral
(and by extension, ethical) leadership to instigate sociotechnical change, Kettley (2012)
calls for the ‘needs’ at the core of the design process to be recast as ‘open’ in order to
deepen interaction and communication among stakeholders and thus reduce repetitive
consumption. Megens et al. (2012) go further to say that in order to transform industrial-
ised economies, the notion of meaningful living needs to extend to cultivating empathy
and cooperation rather than self-actualisation and the pursuit of personal aspirations. To
assist this transformation, they call for design to develop new tools, skills and proposi-
tions that allow people to adapt products, systems and services over time.

For a product design system to achieve this, openness, transparency and accessibility
are desirable — starkly contrasting with the post-Fordist production mentality. In order for
artefacts to be continually innovated, they not only need authorised post-production
accessibility, but they actively need to be designed upfront to facilitate downstream inno-
vation. It is this sentiment that falls in line with Vallance et al.’s (2001) notion of Open
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Design: a design system which in effect ‘pre-hacks’ physical artefacts in order to make it
easier for subsequent developmental innovation to flourish. In this context, it opens pos-
sibilities for agile and wide-reaching responses to emergent issues. In the case of sustain-
ability, perhaps critically, it needs to be approached with sustainment in mind from the
beginning.

Open Design designs a product system for the co-creation of artefacts, which can be
designed by a participatory group or, equally, a single project leader (Wood, 2007: 4). It
is left open for the participation of end users to modify, personalise and innovate, and it
often results in a personalised, one-off product (see, for example, Kadushin’s (2010)
Hack Chair). Open Design provides individuals with the ‘source code’ to make, adapt
and disseminate their own products with the assistance of digitally enabled tools, such as
CNC machines, 3D printers and laser cutters (Gershenfeld, 2005: 15). It is possibility-
driven (Desmet and Hassenzahl, 2011) and relies on peer networks, which are character-
ised by their decentralised and distributed control, by an open exchange of private
intellectual property and by dense rhizoid interconnectivity and high levels of diversity
(Von Hippel, 2005). Ideas are free to flow through the network as they are generated, and
there are mechanisms for assigning value to these (Johnson, 2012: 25-26).

The term ‘Open Design’ was first coined by Vallance et al. (2001), the founders of the
Open Design Foundation, at the beginning of the 21st century in reference to open-
source plans for making CNC manufacturing tools (Van Abel et al., 2011). It was estab-
lished as a means to make design documentation of hardware available for free in its
original form in the public domain (i.e. digital model files stored in an online open-
access repository). This made sure originators of an open design could track the develop-
ment of an artefact over time (Vallance et al., 2001: 3).

Precedents in other fields have demonstrated possibilities created by a similar
approach to openness. Eco (1984) postulates openness as expressed by interpretation, for
instance: an artwork is a closed object, but it is also open to interpretation, and a musical
piece can be a closed recording (sheet music or a recorded performance) or an open
interpretation replayed or remixed by another artist as a means of individualisation. Eco
draws on the observations of Pousseur (1958: 25), who proposes that open work encour-
ages ‘acts of conscious freedom’ on the part of the performer, who constructs their own
form and becomes the focal point among a network of limitless interrelations (Eco, 1984:
47-50). In recent decades, digital recording and sequencing tools have provided the
means to remix and subsequently remix remixes of original works — after a number of
iterations, only a trace of the original remains. However, without the original, the new
works would not exist. Consequently, the act of remixing stimulates a continuing conver-
sation between artists through practice (Lessig, 2008: 17).

This demonstrates the effectiveness of the conjoined functions of the democratisation of
technology, Internet connectivity and material reuse as conduits for cultural production and
acceleration of innovation. In turn, it fosters what might be described as utopian impulses
engendering a burgeoning culture of Do-It-Yourself (DIY) artisans, empowered by the rise
of Web 2.0, social media and creative software tools, who are enabled to make and dissemi-
nate products outside normal consumer channels (Gunderson, 2004). Furthermore, within
open-source ventures, these digitised channels have provided individuals with real-world
agency beyond geographic, spatial and time-based constraints (Shirky, 2005: 484).
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Markedly, the trend towards ‘consumer-as-producer’ (Gunderson, 2004) provides a frame-
work for user-generated design, development and production. In short, ‘since the publica-
tion of The Practice of Everyday Life (De Certeau, 1984), companies have developed
strategies that mimic people’s tactics of bricolage, reassembly, and remix’ (Manovich,
2009).

In this respect, the pre-hacked objects fostered by Open Design can be modified,
‘mashed-up’ and personalised, meaning the design process, as Jones (1983) calls for,
does not set out to produce artefacts as ends in themselves, but rather facilitates the ongo-
ing evolution of a continuous lineage. In product development terms, it is a low-risk
strategy, given it involves innovation from a group of geographically distributed DIY
hackers with low investment costs. The process shifts from the Fordist — and arguably
current post-Fordist — notion of requiring degrees of standardisation to meet the broadest
market demand via mass manufacturing (Bachelor, 1994: 15, 116). Instead, it moves
towards one that generates systems of highly specific, one-off products that can be made
to suit individual needs. In turn, this opens the possibility for the diversification of cul-
tural artefacts where market testing is intrinsic to their development, and if the original
idea has market appeal, it will generate its own viral dissemination.

A noteworthy example of this is the Reprap 3D printer. The Reprap is a self-replicating,
rapid prototyping robot designed to be made using accessible tools and processes. The
machines, which were designed by Adrian Bowyer and his team at the University of Bath,
were designed to be inexpensive and hackable (Bowyer, 2011; Jones et al., 2009). While a
commercial Stratasys 3D printer using Fused Deposition Modelling (FDM) made parts for
the very first machines, the new machines themselves could make subsequent parts to
accompany off-the-shelf components like smooth and threaded steel rods, bolts, timing
pulleys and belts, bearings, stepper motors and open-source electronic controllers (Bowyer,
2011; Jones et al., 2009). Given the machines were designed to be open source and the
plans were accessible online, an ever-increasing number of successful offshoots have been
developed and are in widespread use — some of the early derivatives include the Mendel
Prusa, Ultimaker, Printrbot, and MakerBot Industries’ Cupcake, Thing-O-Matic and
Replicator, to name a few. MakerBot Industries (which was partly funded by Bowyer
[Pettis, 2011]) is arguably one of the most successful of these to date.

Examples such as this exhibit the hallmarks of Sternberg’s (1993) new ages of capital-
ism, namely: a strong advocacy of the information age based on knowledge economies
and information technology; global interdependence through networks and connections;
‘flexible specialisation’, a key post-Fordist term where new principles in specialised
production and versatile workforces allow for decentralisation and greater resilience in a
volatile marketplace; a social economy that strives for egalitarianism, equitability and
the humanisation of capitalism; and a fundamental rejection of technocracy (Sternberg,
1993, as cited by Amin, 1994: 2—4). In contrast to Ford’s economic rationalist approach
to product democratisation through linear, directed product development and mass pro-
duction, Open Design aspires to democratise the production process itself through rhi-
zomatous open innovation. Product development is distributed across time and space,
intermingled with the production process itself and contingent on individual approaches.
This implies that the importance of the product is not just in its end use but also in its
ongoing discursive involvement in innovation cycles.
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Returning to the issue of sustainability, it is important to consider Maker culture’s
ability to effect change with discretion. The capacity for it to promote unregulated and
highly distributed production of artefacts is cause for concern. While the notion of
domestic-scale production may have revitalising effects for manufacturing, it should
be tempered in the light of environmental and sustainability imperatives. The democ-
ratisation of personal transport by Henry Ford has led to an unsustainable proliferation
of vehicles, which has had a marked effect on the development of our urban infrastruc-
ture, social interactions and cultural expectations (Sheller and Urry, 2000; Sperling
and Gordon, 2009: 13-14; Whitelegg, 1997: 127). Similarly, the democratisation of
design and production could lead to further unsustainable proliferation of artefacts.
However, if Maker culture were to synthesise empowered production with demateriali-
sation strategies, it may be possible to turn new advances in manufacturing technolo-
gies and processes into viable sustainability options. It is argued here that if Maker
culture were to maintain the intersection between pre-hacked, innovation-fostering
Open Design and cradle-to-cradle manufacturing methods (see McDonough and
Braungart, 2002, 2013; Papanek, 1984), it could provide a positive step forward for
making new, more individually relevant artefacts while concurrently reducing net
material volumes in circulation.

Conclusion

Hacking, in the context of this discussion, is seen as the process of opening and modify-
ing a product’s ‘source code’ — whether that is literal, as in the case of digital software,
or figurative, as with mechanical and electronic hardware. Conceptually, this perpetuates
the practice first set in the mid-20th century by a group of artists, computer scientists and
engineers who used the title ‘Hacker’ to describe those who, for enjoyment, explored the
limits of possibility through ad hoc tinkering (Levy, 1984; Stallman, 2004-2014). In cur-
rent times, we can see resounding parallels with Maker culture, which aims to reignite
the joy of labour and discovery through openness and making.

Jones (1983: 53—-60) argues that openness in design and manufacturing, such as that
shown by the Maker Movement, encourages more flexible, widespread innovation
cycles. It is argued that open innovation is important if we are to tackle global issues,
such as climate change, unsustainable resource management and economic uncertainty
— which are likely to require the activation of new sociotechnical frames. In the current
manufacturing paradigm, however, a number of things stand in the way of open innova-
tion. Fordist production efficiency and economies of scale, which nominally carry
through to post-Fordist processes, reduce the agency of individuals and ultimately result
in a number of alienating qualities. These include standardisation, which reduces the
ability to meet nuanced individual needs; built-in functional stability, which excludes
end-use modification; product styling, which imposes short-cycle fashion that quickly
relegates individuals from ingroup to outgroup; and separation of function and style,
which results in what Latour (1987) refers to as a ‘Black Box’ where the outer skin masks
the inner workings and obstructs comprehension (pp. 130—132). These limit the ability
for individuals to contribute to innovation cycles, and in order to de-alienate the products
of this system, downstream hacking is required.
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Interestingly, there are ideological crossovers between Ford’s production system
(which shaped our current consumptive society) and Maker culture (which, given the
right conditions, has the potential to shift us out of it). Both Henry Ford and Maker cul-
ture demonstrate the ambition for ethical democratisation, but they differ in approach.
Where Ford relied on labour division to maintain the integrity of an affordable (and
therefore accessible) end product, Maker culture gives priority to inclusion and diversity
above designed outcomes. This is in line with Jones’ (1983) theory of openness. Maker
projects typically destabilise product functionality by propagating open and hackable
designs from the outset — that is, Open Design — allowing cycles of innovation to be self-
coordinated by community-based networks. Furthermore, many of the physical artefacts
exist first as an open-source digital master-model file, meaning that designs can be easily
disseminated via the Internet as intentionally pre-hacked artefacts. These files can be
downloaded, modified, tested and manufactured by individuals in their own home at any
given time: a process made possible by emerging small-scale, consumer-oriented, digital
manufacturing technologies, such as low-cost 3D printers, CNC machines, laser cutters
and robots. These open-source ventures and digitised channels have provided individuals
with real-world agency without geographic, spatial or time constraints. It moves towards
systems of highly specific, one-off products that can be continually hacked to suit indi-
vidual needs.
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Note

1. The predominance of design styling in the automotive industry, which is a key component
of the current, dominant automobility sociotechnical frame, can be traced back to a critical
moment in automotive history where General Motors utilised appearance and style as a means
for gaining competitive edge (Bachelor, 1994: 102). In 1927, Harley Earl was contracted to
visually integrate vehicles into a unified appearance, adding an aesthetic overlay to the func-
tional underpinnings (Sloan, 1963: 274). This move marked a deliberate separation of func-
tion and form in preference for a more marketable style. For General Motors, and for many
other manufacturers, styling formed the basis and means of encouraging of cyclical product
renewal, or ‘dynamic obsolescence’, which allowed new possibilities for profit growth and
product proliferation (Slade, 2009: 4-5). While styling is a powerful tool for manipulating
market share, it is arguable that it can equally cause alienation, particularly with respect to
the end user. First, it can socially isolate them through the cycling of fashion — where new
replaces old, and the consumer is quickly relegated from ingroup to outgroup with the intro-
duction of each new style or model. Second, it separates the end user from engaging directly
with the actual functioning of the artefact, as the barrier of a stylised, outer aesthetic enclosure
physically and conceptually prevents access to the inner workings of it. In some automobiles,
such as the Mazda RX-8, BMW 760Li and Volvo V50, this extends to multiple layers within
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the visible shell: under the hood, additional covers within the engine bay, for instance, hide
all functional components except for those meant to be engaged with by the end user, such as
oil and water caps.
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