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Bank 2018) and social science research (Lawrence et al. 2017). The latter have raised concerns
regarding the potential implications of this change for the future of enterprises, the nature of
work and broader society. As a consequence, there are calls for alternative visions of

technological change that better address concerns of social change, justice and sustainability.

We acknowledge these critiques, however, taking Industry 4.0 as an emergent phenomenon we
argue that the concept requires first a more detailed examination to ensure that alternative
visions do not reflect similar limitations. In this paper, we do this by drawing on social science
literature + particularly ideas from innovation studies, social practice theories, development
studies and sustainability transitions. The critical literature in these fields has remained largely
disconnected from discussions regarding Industry 4.0, yet we suggest that they provide
improved theoretical and analytical understanding.

2)  Definitions: What’s in a name?

Examining the terminology around Industry 4.0 reveals how research related to the reordering of
society and the economy might inform our understanding of Industry 4.0. We reflect on three
associated terms here: jIndustry 4.01, jithe fourth industrial revolutionf and more broadly

ltechnological change
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The Fourth Industrial Revolution

If one does agree with the view thall D 3fourth industrial revolution” IV HPHUJLQJ, then the
literature on the history of technical change suggests further reflection is needed on this
transition. Scholars exploring historic change have highlighted the cyclical nature of change.
6SHFLILFDIN\ ¥RQJ ZDYH" DQG QHR-schumpeterian theories provide an account of how previous
technology change typically happened. This occurs through the emergence of niches, which
become adopted through the wider economy, eventually facilitating major change in industrial
structure (Bernard et al. 2014, Kohler 2012). The source of disruptions in these accounts,
however, rarely comes from incumbent actors who tend to be resistant to change. Rather it is
entrepreneurs and new entrants who produce niche and new products (Hagedoorn 1996).

The important point here is that this account of radical change departs from common Industry
4.0 accounts. Disruptive change comes from outside rather than inside the existing system of
production and is not associated with existing firms and supply chains. This account also
guestions the outcomes of disruptive change and whether it should be limited to current
capitalist paradigms, as is typical in Industry 4.0 visions. Alternative outcomes have been
suggested, including ones centred on abundance of digital goods and new types of post-
capitalist production; or alternatively new hyper-capitalistic societies with capital increasingly

intertwined with everyday lives (Mason 2016).

Technological change
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and material changes associated with previous industrial revolutions have shaped institutions
and everyday life; changes to labour and domestic life shifted the social contracts of urban
provisioning, altered the moral geographies of mundane practices such as laundry, showering
and commuting, and introduced new material elements to systems of resource provision (e.g.
Kaika 2004, Kuijer & Watson 2017). There are many socio-technical theories (such as theories
of social transitions, practice and innovation) that would provide insight to unravel the
processes, outcomes and resistance to Industry 4.0 more broadly. Their contributions to the
literature on Industry 4.0 are as yet fragmented however, and are yet to counter the prevailing
foc-4(t)-4(0)3
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developments, fo
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research, with the potential for reciprocal methods which embed learning that might direct
transition towards justice and sustainability benefits. However, case study research is inherently
messy, with evolving research questions, methodological surprises and contentious findings
compromising the validity and reproducibility of the research (Clark et al., 2007). Attempts to
use such research outputs to inform policy and management may encounter resistance in a

research landscape that celebrates universalism and generalisability (Sharmina et al. 2019).

Yet arguably it is messy research that is most needed to grapple with the critical questions
being asked of Industry 4.0 and provide context-sensitive insights. There is considerable room
for social science research which pushes the importance of heterogeneity of innovation
processes, within and between sectors and locations allowing understanding of local needs and
socio-cultural particularities to inform Industry 4.0 developments.

Integrating data and the digital into research

Industry 4.0 expands the sites and approaches to observe human-machine interactions. For
example, smart meters and other devices enable flows of materials and resources to be traced
with greater accuracy, specificity and granularity than ever before. Similarly, digitalisation of
goods movement enable analysis of interactivity throughout the supply chain, with the potential
to yield insights on governance, accountability and responsibility. In addition, advances in big
data analysis, machine learning and other (non-Al) digital methods offers further potential for

inquiry into a broad set research questions.

Yet questions regarding these methods, the skills needed to exploit them in the social sciences,
and their ethical considerations are yet to mature. This is a challenge that has begun to be

taken up by more critical data scientists, who through experiments, data extraction and analysis
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Sustainability

There is increasing consensus that current modes of production and consumption are
unsustainable. Rising demands for energy, water and land combined with increasing levels of
emissions, growing inequality and volatile weather are of growing concern to businesses, policy
makers and the public. Urgent and radical changes are required to address sustainability
objectives. Unlike the literature on justice, Industry 4.0 has commonly been interpreted as an
opportunity for sustainable transformation (e.g. Herweijer et al. 2018), promising vast
improvements in operational efficiency, sensing and control over systems, the extended
application of smart technologies, and demand management processes. Each has potential to
contribute to sustainability objectives.

To date this body of research focuses on the direct, upstream sustainability benefits of technical
innovation. Wider sustainability implications of Industry 4.0 are less commonly discussed. Given
the potential wider reaching effects of Industry 4.0 on society, the indirect impacts are worthy of
more extensive consideration. For example what potential do Industry 4.0 technologies,
platforms and business models have for unsettling unsustainable systems of provision
commons today (or reaffirming them) (Carolan 2018). Alternatively, how do new objects and
configurations in homes interact with the emergence of new routines and/or norms and

expectations regarding everyday consumption?

It is therefore vital to understand how Industry 4.0 might most effectively contribute to realizing
global sustainable development objectives. With global sustainable development commitments
such as the Paris Agreement framing the current discourse on climate change adaptation it is
important to understand what a fit-for-purpose Industry 4.0 might look like with consideration of
the appropriate modes of governance, equitable access and adoption. Questions need to also
be situated in a broader discussion concerning responsible digital transformation: What are the
implications of Industry 4.0 for everyday geographies of lifestyle and labour? How does the
automation and digitization of industry spill-over into domestic practices? and; What are the

associated impacts for the ways in which resources used and wastes produced?

Summary
In sum, the acknowledgement of justice and sustainability issues emerging with Industry 4.0
suggest that better linkages between social sciences and engineering/business research would

be beneficial. At present, social science research has strongly focussed on the challenges of
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automation and begun to formulate approaches for potential mitigation. Such work needs to be
more strongly integrated with the practices and requirements for engineers to consider, and
needs to increasingly challenge the overarching visions of what Industry 4.0 should be. Future
visions of ways by which Industry 4.0 will transform society and might be pushed to improve
justice and sustainability outcomes has been explored by social scientists but this has often
been fairly speculative. It is here that demonstrators and prototypes built by engineers can offer
more ground considerations and visions that can be supported by social scientists.

5) Conclusion

The social science literature has yielded a humber of important discussions
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