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Introduction
Sabine Nuss and Florian Butollo

Domin: ‘What sort of worker do you think is the best?’
Helena: ‘The best sort of worker? I suppose one who is honest and 
dedicated.’
Domin: ‘No. The best sort of worker is the cheapest worker. The 
one that has the least needs. What young Rossum invented was a 
worker with the least needs possible. He had to make him simpler. 
He threw out everything that wasn’t of direct use in his work, that’s 
to say, he threw out the man and put in the robot.’

Karel Čapek, R. U. R. (Rossum’s Universal Robots), Prague 1920

is it really all so different this time?

When the Czech writer Karel Čapek wrote his utopian drama Rossum’s 
Universal Robots (Rossumovi Univerzální Roboti in the original), he 
could not have anticipated the kind of global conquest that robots 
were about to embark on. His play is about a company that sells arti-
ficially manufactured humans. Masses of these robots are used as 
cheap labour in industry until they actually start changing the world 
economy. Eventually, the artificial humans revolt and destroy human-
kind. The play is considered to be the origin of the term ‘robot’; the 
utopia of an ‘artificial human’ in the form of a machine gradually 
became a reality over the subsequent decades. 

Even though human beings have certainly not been removed from 
the factory entirely, and modern industrial facilities have little in 
common with the humanoid robots Čapek imagined, automation has 
had a major impact on the world of work – from the highly automated 
processes in the automotive industry, the replacement of certain tasks 
by software, on to the so-called chat bots, text-based dialogue systems 
which replace or complement telephone service hotlines. The neolo-
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gism ‘Industry 4.0’ today suggests another technological leap, given 
that new, more efficient generations of automated systems equipped 
with environmental sensitivity (sensor technology) and the ability to 
learn (artificial intelligence, AI) can be integrated via the so-called 
Internet of Things. 

Although this may allow for progress in robotics, another central 
question in this context is that of the information flows, enriched with 
huge masses of data, through which individual companies and entire 
value chains adapt much faster to changes in consumer demand. The 
fields in which these technologies are applied have long ceased to 
be confined to the manufacturing of material goods. Automation 
through software increasingly refers to ‘immaterial’ labour such as 
call handlers in call centres, processing in banks and insurance com-
panies, and even in software programming. Moreover, cloud-based 
platforms, an IT infrastructure made available via the internet, allow 
for new forms of division of labour in the ‘information space’.1 The 
range spans from intensive collaboration between highly skilled sci-
entists in spatially separated innovation processes all the way to the 
fragmented tasks of precarious clickworkers.

Time and again, ‘science fiction becomes reality’, Brynjolfsson and 
McAfee write in their much-discussed book, The Second Machine 
Age.2 Seemingly sudden or visible developments in technology appear 
to emerge as something unprecedented, as ‘revolution’, about which 
only one thing seems certain: that nothing will remain as it was. 
Scientists, specialised journalists and protagonists from the digital 
economy have been warning against technological mass unemploy-
ment, the takeover of power by artificial intelligence, or both. The 
backdrop to these predictions is that while computing performance 
steadily doubled over the first two decades of the digital age and led 
to a change in modes of production and consumption, the exponen-
tial growth of this technology will likely result in a qualitative sea 
change in the next few years. Kevin Drum is among the authors who 
speak of an ‘AI revolution’; in his much-praised article, ‘You Will Lose 
Your Job to a Robot – and Sooner Than You Think’, he writes: ‘In 
addition to doing our jobs at least as well as we do them, intelligent 
robots will be cheaper, faster, and far more reliable than humans. And 
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they can work 168 hours a week, not just 40. No capitalist in her right 
mind would continue to employ humans.’3

Such a notion renders technology a fetish. Endowed with higher 
powers, it both descends on society from outside and revolutionises it 
– an inescapable technological determinism. Along these lines, Bryn-
jolfsson and McAfee attribute the polarisation of the world of work 
between high-skilled and low-skilled tasks since the 1980s to tech-
nology itself, entirely ignoring the rapid deregulation of the Reagan 
era. More critical analyses likewise often trace social effects back to 
technological developments, as, for example, with those warnings 
of a looming full automation that can supposedly only be countered 
through the introduction of an unconditional basic income.4 

Some analyses critical of capitalism and oriented on Marx refer to 
the famous ‘Fragment on Machines’, a passage from the Grundrisse 
that Marx himself never titled as such. Here, it is asserted, as early 
as the mid-nineteenth century Marx already described and clairvoy-
antly predicted full automation as a way of overcoming capitalism. 
In these manuscripts, dating to the years of the first global economic 
crisis in 1857/58, Marx sought to swiftly sum up his years-long 
economic studies in the face of supposedly imminent revolution. In 
his treatment of large-scale industry and the impact of machines, he 
asserted that the ‘immediate labour’ of humans increasingly ceases to 
be the source of wealth and that, consequently, labour time also has 
to cease being the measure of wealth and the exchange value in turn 
ceases to be the measure of the use value: ‘As a result, production 
based upon exchange value collapses.’5

Beside these utopian forward projections of current developments 
based on Marx, socio-technical dystopias are imagined as well, such 
as that of a seamless digital control of work or an atomisation of the 
entire working class into an army of individual self-employed crowd-
workers. Such fields of conflict will certainly emerge in the future and 
are already present in the world of work, as striking Amazon workers 
or staff at Mechanical Turk, Foodora and Uber will tell you. The gen-
eralisation of individual trends and tendencies in automation, digital 
control or platform-centred work, however, produces a technological 
fetish that obstructs a differentiated interpretation of contemporary 
capitalism from which political strategies can be deduced.
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digitalisation and the development  
of the productive forces

The chapters in this volume paint a no less critical yet differenti-
ated picture of the ongoing changes. The point of departure is the 
Marxian concept of the productive forces and the productive power 
of labour (or productivity of labour), which represents a helpful tool 
for making a well-founded assessment of the current socio-technical 
developments. 

Firstly, Marx’s use of the term helps draw attention to the fact that 
the development of productive forces is not an end in itself, but rather 
a mere means for capital accumulation. The level of the productive 
forces is not only determined by the current state of technology as 
such, but ‘by a wide range of circumstances; it is determined amongst 
other things by the workers’ average degree of skill, the level of 
development of science and its technological application, the social 
organization of the process of production, the extent and effective-
ness of the means of production, and the conditions found in the 
natural environment’.6 

In the process of competition, each company always seeks to 
increase the productive power of labour, so ‘as to shorten the labour 
time socially necessary for the production of a commodity, and to 
endow a given quantity of labour with the power of producing a 
greater quantity of use value’.7 The development of the productive 
forces is not an exogenous factor, but rather inscribed into the capital 
relation, and the development of new technologies and their use is 
determined to a large extent by this relation. With regard, then, to 
interpreting the current boost in technologisation or the accelerated 
proliferation of technology, this implies the need to understand the 
use of technology in the context of capital’s strategies: to what extent 
does it serve the increase of relative surplus value and its realisation, 
for example, when market advantages vis-à-vis the competition are 
to be secured through product innovation or new forms of interact-
ing with customers?

Conceived in this sense, the term ‘productive forces’ relegates 
digitalisation, in materialist terms, to a rather modest position. Dig-
italisation provides socio-technical solutions which are integrated 
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into historically specific accumulation strategies. It is adapted to ten-
dencies towards flexibilisation, financialisation, precarisation and 
the systematic rationalisation of entire value chains, all of which are 
characteristic of the more recent production models. Besides its con-
tribution to the rationalisation of the production of surplus value, 
digitalisation also serves strategies for accelerating turnover rates of 
goods, the diversification of supply, and the improvement of product 
quality – measures designed to achieve competitive advantages in the 
realisation of surplus value. 

Secondly, the concept of the forces of production warrants a more 
precise definition of what is really new and revolutionary and what is 
not. Marx writes in Capital: ‘Modern industry never views or treats 
the existing form of a production process as the definitive one. Its 
technical basis is therefore revolutionary, whereas all earlier modes 
of production were essentially conservative.’8 From such a historical 
perspective, the current changes appear to be more or less consis-
tent with previous, essentially permanent changes. Although both 
the theory of long waves put forward by Schumpeter and regula-
tion theory address the fact that capitalism is by all means able to 
‘shed its skin’ through the development of new basic technologies, 
the question remains as to which degree of change justifies speaking 
of a qualitatively new stage. A number of ‘hyphenated capitalisms’ 
(Sabine Pfeiffer) have been conceived in the more recent discussion, 
such as the frequently invoked ‘digital capitalism’ (Nachtwey/Staab), 
‘surveillance capitalism’ (Zuboff), ‘platform capitalism’ (Srnicek) or 
‘cybernetic capitalism’ (Schaupp).9 These contributions certainly 
provide convincing analyses of certain aspects of the digital economy. 
A comprehensive overview of how they are embedded in the totality 
of capitalist accumulation and which corresponding conclusions 
must be drawn, however, is outstanding.

A third aspect is related to a broader understanding of the term 
productive power of labour that also takes into account the signifi-
cance of cooperation, qualification, the scientific state of the art, or 
hierarchies regarding the level of scientific development. The use of 
new forms of robotics and the corresponding coordination of labour 
and production processes entail more elaborate, distinct and new 
forms of cooperation as well as changes in qualification require-
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ments, task designs and forms of control. The methodical error in 
most predictions of full automation is that this necessary mediation 
is left unconsidered, which leads to that hastily drawn link between 
abstract technical potential and labour market development. Yet it 
can be frequently observed that the use of new technologies is more 
demanding for the human labour capacity and can hardly be realised 
without an elaborate restructuring of work organisation.10 One reason 
for this is the increasing complexity of manufacturing processes, the 
extent of which only becomes visible when we take into consider-
ation not only the individual company, but the entire ensemble of 
‘immaterial’ activities such as research and development, marketing, 
coordination of sub-processes, etc., which make production possible 
in the first place. New approaches to work organisation such as ‘agile 
work’ in the area of white-collar labour reflect the increasing need 
for flexibility. Furthermore, this is related to higher requirements 
regarding the capacity for ‘social innovation’ through which the 
abstract technical potential can be combined to form a functioning 
socio-technical organism. 

This view of the total organism of value creation opens up a different 
perspective on the limitations of automation. The abstract possibility 
of replacing certain work tasks with machines is juxtaposed with the 
increasing complexity of processes which require constant adaptation 
to changing environmental conditions. Instead of assuming auto-
mation to be a static labour process, the image must be dynamised 
and the constant change in procedures must be taken into account. 
Full automation in the automotive industry would likely already be 
a reality if product development had remained at the level of Ford’s 
Model T, which was relatively simple in its construction and only 
manufactured in a single version in the early twentieth century. But 
the automotive industry is marked by rapid innovation and product 
cycles, a high product variety and complex product architectures. 
Adding to this is the emergence of entirely new requirements and 
sectors over the past decades, such as the IT industry, in which labour 
is deployed in new ways to create surplus value. Marx’s chapter on the 
‘industrial reserve army’ provides a formidable point of departure for 
a ‘more dynamic’ perspective.11 Marx does not prioritise the constant 
build up of an ever-greater base unemployment, but the cyclical inte-
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gration into, and ejection from, capital accumulation in accordance 
with the logic of constantly rationalising processes and expending 
labour ‘on an extended scale’ in the form of new functions in new 
sectors to satisfy new consumption demands, which in turn requires 
more sophisticated manufacturing processes. This interpretation 
reveals a fourth beneficial perspective for the reading of contem-
porary capitalism: the relationship between the development of the 
productive forces and the relations of production. Business federa-
tions and market research institutes predict that the use of robotics, 
the Internet of Things and AI will result in enormous growth – while 
entirely ignoring the fact that the so-called Third Industrial Revolu-
tion, i.e. the introduction of microelectronics in economic processes 
from the early 1970s, already triggered hardly any economic growth. 
The current technological thrust is occurring in the context of a long 
phase of weak economic growth, which both influences the forms 
of the application of technology and defines its limitations. In his 
chapter in this volume, Kim Moody points out the current reluctance 
to invest, which stands in stark contrast to the claim that businesses 
can catapult themselves into the land of milk and honey through the 
use of digital technology. On the contrary, digitalisation strategies in 
fact require higher investment in capital goods and the restructuring 
of social processes. Their refinancing and profitability are anything 
but certain in the light of stagnating and highly competitive markets. 
The so-called Fourth Industrial Revolution is therefore occurring – 
in contrast to what is suggested in the corresponding discourse – not 
as radical change, but rather as a tentative search process in which 
businesses alter selected individual processes in order to increase 
productivity. Whether they turn out to be profitable remains to be 
seen. A pump manufacturer from the Westerwald region in Germany 
embarked on a path of digitalisation in accordance with the concepts 
of Industry 4.0. Subsequently, although the company was able to 
diversify its product range – i.e. produce a broader range of pumps 
for industrial use and become less dependent on a handful of major 
customers – customers were unwilling to pay a higher price for the 
customised products. In this example, investment in digitalisation 
did not lead to higher profits, and Industry 4.0 actually resulted in a 
decrease in labour productivity.12 
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This case may represent a particularly drastic example, yet it 
points to a more general problem associated with capitalist accumu-
lation: the theoretically conceivable potential of new technologies 
comes into conflict with relations of production in which the need 
for permanent growth is inscribed. The tendency of capital to cut 
costs through reducing the amount of living labour stands in contrast 
to the fact that the exploitation of living labour is the only source 
of capital valorisation. This is expressed not least by the obsession 
with technical applications aiming at the conquest of market shares 
through a combination of user data analysis and flexible adjustment 
of manufacturing processes. Such applications may offer companies 
competitive advantages, but they do not expand the market volume 
as a whole. The hope for technology-induced growth thus remains 
a ‘false promise’,13 and the possibilities of further developing those 
technologies that may actually increase the social benefit remain 
quite limited despite the hype surrounding Industry 4.0 and AI.

the chapters in this volume

This brief outline of a reading of the current technological thrust 
based on the concept of productive forces hints at a task that is yet to 
be completed. While the contributions published in this volume rep-
resent only components of such a project, together they help produce 
a more diverse and precise picture that is necessary in order to artic-
ulate theoretical generalisations. 

The introduction to this volume is a chapter by Judy Wajcman 
presenting us with a summary review of recently published books 
that address the effects of automation and robotics with regard to 
the future of employment. Most texts in this genre predict that the 
current phase of digital technology will lead to a substantial loss of 
jobs – a feature that distinguishes today’s wave of automation from 
similar waves in the past. The review critically appraises these claims 
and puts some of the exaggerations regarding automation, robotics 
and Artificial Intelligence into perspective, calling for a greater focus 
on the social dimensions of technological development.

Part I consists of contributions that reflect the phenomenon of 
automation terminologically and historically. Elena Lange positions 
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rationalisation, and thereby digitalisation, in the Marxian theory of 
relative surplus production. Dorothea Schmidt draws our attention 
to the object of study that Marx had in mind and referred to in his 
day: the nineteenth-century Industrial Revolution and mechanisa-
tion. In her fact check, she concludes that Marx in part based his 
work on somewhat one-sided sources, which ultimately manifests in 
an exaggeration of the effects of automation. Karsten Uhl addresses 
visions of twentieth-century automation and demonstrates that the 
fear of technologically induced mass unemployment as a result of the 
‘factory without people’ is not a new phenomenon.

Frigga Haug takes readers on a journey through time in her report 
on the research project ‘Automation and Qualification’ (PAQ), which 
she headed from 1972 onwards. The project had set itself the goal of 
carving out an ambitious trade union policy from the perspective of 
working people in the face of the rapid technological changes of the 
time. Against the backdrop of this experience, she formulates ques-
tions that may provide an adequate orientation for current research. 
Christian Meyer takes a look at materialist technology debates of the 
past and postulates that contemporary social science lacks the con-
necting dots to link up with past discussions and a reception of the 
Marxian analysis.

The authors in Parts II and III address the use of robotics in the 
‘hidden abodes of production’ (Marx) as well as the effects of dig-
italisation and computerisation on contemporary relations of work 
and production. Kim Moody presents the volume’s introduction to 
the analyses of current developments. He investigates how and why 
robots were introduced at a very slow pace, all futurist hype aside. 
Ironically, the increased use of information and communications 
technology (ICT) has led to an increase in employment. Moody 
describes how both the dynamic of capital accumulation and the 
turbulences of capitalism have resulted in decreased investment in 
labour-saving technologies both in the USA and at a global level – an 
obstacle to the predicted replacement of human labour.

Sabine Pfeiffer takes the use of lightweight robots as an example 
and analyses how the digital transformation takes effect, or, rather, 
why it fails to do so in this particular case. Agriculture is also a field of 
application for robots and digitalisation. How exactly this occurs and 
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what impact it has on employment and the political economy of food 
production is investigated by Franza Drechsel and Kristina Dietz. 

Technically induced rationalisation not only occurs at the level of 
the individual company, but also between companies, at storage sites 
and along supply routes. The aim of digitally supported optimisa-
tion in this scenario is a more efficient linking up of functionally and 
spatially separated production processes. In his chapter on the reor-
ganisation of global value chains, Florian Butollo presents the forms 
this takes and its implications for the geographical distribution of 
production sites. Nadine Müller addresses the question of how com-
puterisation leads to a loss of a productivity-enhancing effect with 
regard to industrial cooperation and division of labour, particu-
larly the hierarchical separation of intellectual and manual labour, 
and with regard to management and task performance, and how this 
creates a – hitherto unknown – potential for democratisation. Phoebe 
Moore investigates the use of new sensor and tracking technologies 
in the workplace, how they feed into new management concepts such 
as agile work, and what effect this has on the employment conditions 
for workers.

The last Part of the volume introduces interpretative perspectives 
on the catchphrase ‘platform capitalism’. Christine Gerber presents 
the findings of a research project investigating labour processes on 
crowdwork platforms in which the tasks are localised, performed and 
paid via self-employed workers through an internet portal. Platforms 
lack traditional workplace structures; instead, they face an anon-
ymous, flexible and globally dispersed workforce. Do these forms 
of work represent something entirely new, or are we merely seeing 
the old system of power being perpetuated through new digital 
technologies?

Based on the examples of Uber, a platform connecting drivers and 
passengers, and Amazon Mechanical Turk, a crowdsourcing mar-
ketplace for a host of computer-based microtasks, Felix Gnisa shows 
how the real subsumption of work under capital changes in compari-
son to the classic factory of the industrial age, and which distinct new 
quality is at play here. According to the author, this analytical concept 
may serve to gauge the possibility of technological transformation for 
a democratic organisation of work.
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Sebastian Sevignani devotes his attention to the ‘prosumers’ who 
use (consume) internet services such as Facebook or Google while 
leaving (producing) their data, which in turn are used by the tech 
companies as raw material for their profit-oriented production. In 
particular, he addresses the much-discussed question as to whether 
these activities produce value and surplus value, and therefore 
whether they represent a new form of capitalist exploitation.

Timo Daum addresses the current hype surrounding Artificial 
Intelligence, confirming that we are currently in the midst of a stage 
of AI development in which the application technologies are rendered 
mass-marketable by tech companies, thus becoming everyday tech-
nologies. According to Daum, this is facilitating the consolidation of 
a new social operational mode in which the extraction, evaluation 
and valorisation of data are at the heart of economic activity.

In the final chapter, Simon Schaupp and Georg Jochum examine 
what potential the current technological development may hold for 
fundamental changes to the capitalist mode of production. Based on 
the concept of the ‘control transition’ (Steuerungswende), they gauge 
the possibility of sustainable and democratic economic planning in 
the digital age.
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Automation:  

Is It Really Different This Time?
A summary review1

Judy Wajcman 

Martin Ford, The Rise of the Robots: Technology and the Threat of 
Mass Unemployment, London 2016. 
Richard Susskind and Daniel Susskind, The Future of the Profes-
sions: How Technology Will Transform the Work of Human Experts, 
Oxford 2015. 
Erik Brynjolfsson and Andrew McAfee, The Second Machine Age: 
Work, Progress, and Prosperity in a Time of Brilliant Technologies, 
New York 2014. 
John Urry, What is the Future?, Cambridge 2016. 

I have lost count of the number of conferences I have attended on 
Robots, Artificial Intelligence (AI) and the Future of Work. Predict-
ing the future has once again become big business, a sure sign of 
which is the plethora of books appearing on this topic – those chosen 
above are but a tiny sample of the genre. 

Such conferences have a common format. A few humanlike robotic 
heads, often with female nomenclature, are displayed and we are 
encouraged to interact with them for the wow factor. Then a panel 
of geeks tells us, the lay audience, about their amazing advances, and 
how close they are to passing the Turing test (making interaction 
with social robots indistinguishable from human interaction). This 
is followed by some economists estimating the dire consequences of 
advanced technology for job prospects. Finally, a few futurists are 
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also included, some even from the so-called Singularity University.2 
I naively asked one of them where this university was based and was 
told ‘it isn’t really a university’! It’s a state of mind, man. 

So let me first sketch out the prevailing predictions about employ-
ment, then say something about the hyperbole on automation, 
robotics and AI, and finally why we need more books like Urry’s 
What is the Future? that provide some critical distance on this futurist 
discourse. 

Let’s begin with Ford’s The Rise of the Robots, the Financial Times 
2015 business book of the year. The book is laudable as a trade book, a 
pacey read about how an increasingly automated economy will affect 
modern workers. From manufacturing to services, from higher edu-
cation to healthcare, myriad developments in AI are addressed that, 
according to Ford, will leave no occupation untouched. The scope of 
the book is impressive, not only in providing an accessible overview 
of the latest advances in automation, but also in comprehensively 
rehearsing the economic and policy debates about the future of work.

It is a thoughtful book and while history is not Ford’s longbow, 
he does acknowledge that fears of technological unemployment are 
not new. Even the Luddites get a mention. The crux of his argument, 
however, is clear. All the books reviewed here say it with one voice: 
‘this time it is different’. Yes, the masses that were thrown out of agri-
culture found jobs in factories; yes, there was the expansion of the 
service sector. But this time it really is different. A new future is on its 
way, and it is scary. Ford’s book is peppered with words and phrases 
like ‘frightening’, ‘tipping point’ and a ‘perfect storm’. 

According to Ford, information technology (IT) is the game 
changer, a uniquely disruptive force that has no historical precedent. 
This is because it is not only the low-skilled that will be displaced 
– highly skilled professionals are also at risk of being displaced by 
machines. Where previous waves of automation ultimately created 
wealth and new sectors of employment, we are now witnessing a fun-
damental shift in the relationship between workers and machines. 
Machines are no longer tools; they are turning into the workers 
themselves. ‘All this progress is, of course,’ Ford writes, ‘being driven 
by the relentless acceleration in computer technology’ (p. xii). As 
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usual, Moore’s Law is invoked to prove the inexorability of accelerat-
ing technical progress. 

The popular commentators and journalists, not to mention 
the business consultants, seem to devour this bleak picture with a 
Frankensteinian relish. It is what Urry calls in his book the ‘new cat-
astrophism’: we stand in awe – and terrified expectation – of what we 
have created, awaiting the devastating consequences. 

So, what is the empirical evidence for Ford’s thesis? Interestingly, 
Ford pauses halfway through Chapter 2 to eschew a too simple 
narrative that puts advancing technology ‘front and centre’ as the 
explanation for the troubling economic trends he identifies, but then 
quickly reasserts that IT’s relentless acceleration sets it apart. Tell-
ingly, he says, ‘I’m content to leave it to economic historians to delve 
into the data.’ Evidence is largely presented in the form of vivid stories 
about the feats of Big Data and ‘deep’ machine learning. Here pride of 
place is given to artificial neural networks – systems that are designed 
using the same fundamental operating principles as the human brain 
– that can be used to recognise images or spoken words, translate lan-
guages, etc. Such systems already power Apple’s Siri and, potentially, 
could transform the nature and number of knowledge-based jobs. If 
IBM’s Watson can win Jeopardy! and Google’s AI can recognise cats’ 
faces based on millions of YouTube videos, then, Ford surmises, few 
jobs will remain. 

Like almost everyone else, he cites the Oxford Martin School’s 
Frey and Osborne, whose line about half of US jobs being vulnera-
ble to machine automation within the next two decades is endlessly 
repeated.3 This estimate, by the way, is based on an algorithm that 
predicts the susceptibility to automation of different occupations 
(rather than on the task content of individual jobs). That this meth-
odology has been heavily critiqued has done nothing to halt its 
endless citation.4 They are both nice guys so good luck to them, but 
the uncritical proliferation of their findings is further proof of the 
pleasure – even pride – we take in the idea that a man-made, robot-
worked utopia/dystopia is on its way. 

The hyperbole about AI has reached such proportions that even 
New Scientist (16 July 2016) recently asked ‘Will AI’s bubble pop?’ 
The author makes the point, familiar to sociologists of science, about 
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the powerful role of metaphors in persuading us that these machines 
are acquiring human capacities. Yet artificial neural networks do not 
‘learn’ like we do, ‘cognitive’ computing does not think, and ‘neural’ 
networks are not neurons. The language is purposefully saturated 
with anthropomorphism. Rather than worry about the dreaded 
moment of Singularity, we should be concerned about the dominance 
of a small number of corporations who have this computing power 
and about the social consequences thereof. Such political questions 
are too often lost in our obsession with the robotic revolution we are 
set to witness. 

In the crystal ball of Susskind and Susskind, this imminent rev-
olution is seen to be even more dramatic than the forecast of Ford. 
While Ford believes that higher education and healthcare profession-
als are relatively immune from automation, the authors of The Future 
of the Professions specifically include them in their sweeping diagno-
sis about the end of the professions as we know them. In the internet 
society, they argue, we will neither need nor want doctors, teachers, 
accountants, architects, the clergy, consultants or lawyers to work in 
the way they did in the twentieth century. Although this will lead to 
massive job loss, this trend is a positive development as the internet 
will ultimately democratise expertise and empower people. 

With a nod to Abbott,5 they begin by outlining the historical basis 
of professionalism as the main way expertise has been institution-
alised in industrial societies. Until now there has been no alternative, 
as only human professionals have had the complex combination of 
formal knowledge, know-how, expertise, experience and skills they 
refer to as ‘practical expertise’. But now, echoing the books above, we 
are on the brink of a period of fundamental and irreversible change, 
driven by technology. The authors envisage increasingly capable 
machines – from telepresence to AI – that will bring a fundamental 
change in the way that the ‘practical expertise’ of specialists is made 
available in society. These smart machines, operating autonomously 
or with non-specialist users, will perform many of the tasks that have 
been the preserve of the professions. The result will be the ‘routinisa-
tion and commoditization of professional work’, an argument much 
like Braverman’s proletarianisation thesis but without the political 
economy. Here the only actors are the machines themselves.6 
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Richard Susskind has been a leading analyst of the impact of 
technology on the legal profession for several decades, and he is a 
firm believer in the positive opportunities for information sharing 
afforded by the internet. And the book’s core moral argument is 
persuasive. Who would disagree that expensive and exclusive privi-
leged elites need to be overhauled and instead we should promote the 
widespread distribution of expert knowledge? Indeed, the authors 
envision a model where most professional advice is delivered by auto-
mated IT systems, and is available free to users (just like Wikipedia). 
Once again, we are told about the unprecedented acceleration in the 
capabilities of IT, AI, Watson, machine learning, Big Data and affec-
tive computing. The nub of the matter here, though, is the premise 
that intelligent machines, drawing on vast amounts of data, will make 
better decisions than do mere flawed human experts. The archetypal 
example is the lack of sound sentencing by tired judges after lunch. 
Perhaps non-alcoholic lunches would be a simpler solution! 

The fundamental problem we have is that technologies are only as 
good as their makers. There is mounting evidence that machine-learn-
ing algorithms, like all previous technologies, bear the imprint of their 
designers and culture. Whether it’s Airbnb discriminating against 
guests with distinctively African-American names, Google showing 
advertisements for highly paid jobs primarily to men rather than 
women, or the use of data-driven risk-assessment tools in ‘predictive 
policing’, histories of discrimination live on in digital platforms and 
become part of the logic of everyday algorithmic systems.7 Even the 
much-lauded Wikipedia is skewed, in its representation of male to 
female scientists for instance. While the Susskinds are right to contest 
the power of the professions, they seem unconcerned with the rise of 
an even more powerful elite of male white Silicon Valley engineers 
whose values and biases will inevitably shape the technical systems 
they design. Making the politics of algorithms visible, explicit and 
accountable may turn out to be even more difficult than calling, say, 
lawyers to account. 

I am with Brynjolfsson and McAfee who, in The Second Machine 
Age, argue that the most efficient future lies with machines and 
humans working together. Human beings will always have value to 
add as collaborators with machines. For a start, I do not believe that 
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all the knowledge and experience, the ‘practical expertise’ of pro-
fessionals, can be conveyed via online intelligent systems. Take the 
suggestion that even the problem of ‘empathy’ in delivering bad news 
in hospitals could be countered through an algorithm using consum-
ers’ ‘psychological and emotional profiles’. Leaving aside the privacy 
issues this raises, the Susskinds do not grasp the nature of the ‘unrec-
ognised’ emotional work that is already delegated to largely female 
para-professionals such as nurses. 

Indeed, the social character of skill and expertise, let alone the 
way that the professions have traditionally been structured around a 
gendered division of labour, gets no mention in this book (or in any of 
the others for that matter). We may be ‘suckers for the wide eyes and 
endearing giggles of affective robots’, but to advocate the use of robots 
for empathetic care of the elderly mistakes the appearance of care 
with real empathy and genuine personal interaction. And anyway, 
as any roboticist will tell you, there is a huge chasm between the 
current claims about what these affective, sociable robots can techni-
cally feasibly do and what they really can do. Perhaps if eldercare was 
revalued and remunerated like, say, coding work, the putative labour 
shortages in this sector that robots are designed to alleviate would 
disappear. As they would if, more radically, housing and cities were 
redesigned so that the elderly were not relegated to separate places 
but were integrated into the wider civil society. But such thoughts are 
way beyond the scope of any of these books. 

The Second Machine Age is the best of this bunch. While covering 
similar ground, Brynjolfsson and McAfee provide a much more 
balanced account of the pros and cons of automation on work. The 
book has been extremely influential, spawning a number of imita-
tions (viz the Chair of DAVOS Klaus Schwab’s The Fourth Industrial 
Revolution). The titles of these books are themselves worthy of an 
article. Here, the history of technology starts with the Industrial Rev-
olution (‘the first machine age’) and our interest in AI dates from the 
1950s. If you want to remind yourself of how much older our obses-
sion with the vitality of machines actually is, I suggest a quick visit to 
the webpage for the 2017 exhibition on Robots at London’s Science 
Museum.8 
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Brynjolfsson and McAfee are ultimately optimistic about the jobs 
that will be created as a result of the digital revolution. Although 
agreeing that many jobs will be swept away by innovations like the 
driverless car and 3D printers, they argue that, with the right policy 
levers, such advances can bring forth a bountiful future of less toil, 
more creative work and greater human freedom. Intervention is 
crucial given the worrying trends they identify: the polarisation of 
the labour market, the rise in income inequality and the ‘winner-
take-all economy’. But, if we ‘race with machines, instead of against 
them’, we can take advantage of the uniquely human qualities of cre-
ativity, ideation and communication to create more high-quality jobs 
such as those of creative writers, digital scientists and entrepreneurs. 
While Brynjolfsson and McAfee also reify technology, treating it as a 
neutral inevitable force driving these changes, they are strong advo-
cates of government investment in education and infrastructure to 
deal with its effects. For them, unlike Urry, the effects of technology 
are political but the causes are not. 

Interestingly, like Ford, they propose a guaranteed basic income 
as one practical solution to the problem of technological unemploy-
ment. That this idea has once again become popular across the entire 
political spectrum makes me a little wary. It immediately conjures up 
a vision in which the Silicon Valley tech crowd continue to thrive on 
24/7 working hours, while those left behind are paid to watch TV and 
sleep. This idea has a long and sound history and I am watching with 
interest the trials taking place in Finland and the Netherlands, for 
example. But in the current context, it is as well to focus on the huge 
unmet needs we have and the plentiful work that needs doing. Not-
withstanding all these books, there is little convincing evidence that 
large-scale technological unemployment is actually happening or will 
happen in the immediate future. The real issue is the unequal distri-
bution of work, time and money that exist already. 

All these authors shy away from addressing the extent to which 
the pursuit of profit, rather than progress, shapes the development 
of digital technologies on an ongoing basis, and the ways in which 
these very same technologies are facilitating not less work but more 
worse jobs. This is the proverbial elephant in the room. They seem 
blind to the huge, casual, insecure, low-paid workforce that powers 
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the wheels of the likes of Google, Amazon and Twitter. Information 
systems rely on armies of coders, data cleaners, page raters, porn 
filterers, and checkers – subcontractors who are recruited through 
global sites such as Mechanical Turk and who do not appear on the 
company payroll. Even Brynjolfsson and McAfee overlook such 
classed, gendered, racialised data-processing work as if algorithms 
trained, tuned and augmented themselves like magic.9 While these 
kinds of jobs may well in turn be automated, other novel forms will 
be created in unexpected ways as capital seeks new ways to accumu-
late. As Suchman argues, the enchantment or magic of artefacts (such 
as AI and robotics) is brought about through the masking of labours 
of production in precisely this way.10 

As someone immersed in these debates, I have been wondering for 
some time why this perennial anxiety about automation has come to 
the fore now. What is the cultural significance of all this breathless 
talk about AI? No amount of economic history shakes the certainty: 
This time it really – really – is different.11 

In this context, Urry’s astute reflections in What is the Future?, pub-
lished posthumously, could not be more apposite. The social sciences 
must reclaim the terrain of future studies, he argues, because future 
visions have enormously powerful consequences for society, carrying 
with them implicit ideas about public purposes and the common 
good. Thus, a ‘key question for social science is who or what owns 
the future – this capacity to own futures being central in how power 
works’ (p. 11). 

The book begins with a comprehensive overview of the history of 
‘past futures’, from More’s Utopia (which depicted a six-hour working 
day half a millennium before Keynes) to the remarkable explo-
sion of new dystopian futures that emerged in the early years of this 
century. This new catastrophism in social thought is contrasted with 
the global optimism of the 1990s, especially the digital utopianism 
that accompanied the emergence of the World Wide Web. Haraway’s 
upbeat ‘manifesto for cyborgs’, for example, celebrated the positive 
potential of technoscience to create new meanings and new entities, 
to make new worlds. 

So it is all the more striking that the Zeitgeist within the rich North 
so radically changed from 2003 onwards. Urry makes this point 
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starkly by simply listing, on pages 36 and 37, the astonishing number 
of English language texts, films, art exhibitions and research centres 
within this catastrophic mode. As he rightly argues, such dystopian 
writing induces a fatalism about the future, helps mobilise powerful 
interests to promote planetary technological fixes (especially for 
climate change), and is as much performative as analytic or represen-
tational. As I have already intimated, I share this same unease about 
the rash of books on technological unemployment. 

While much of this is familiar territory – viz. the sociology of 
expectations and Jasanoff ’s writing on sociotechnical imaginaries12 – 
Urry goes further in specifying how futures thinking as a ‘method’ is 
a way of bringing back planning, but under a new name. Planning, he 
says, has become an ideologically contaminated term from the era of 
organised capitalism and social democracy. So this is a new form of 
planning, one that brings the state and civil society back in from the 
cold, and planning is crucial given the long-term wickedness of many 
problems such as climate change. Only by insisting that futures are 
always social can public bodies, rather than autonomous markets and 
endogenous technologies, become central to disentangling, debating 
and delivering those futures. 

Urry was a leading figure in British sociology and, given the 
sheer range and magnitude of his outputs, it is hard to exaggerate 
his influence. He was wholly committed to the discipline, always 
energetically pursuing new ideas, and often prescient in identifying 
key under-explored social issues of the day. What many will be less 
aware of are his direct contributions to policy, both to the climate 
change area and transport. He was appointed to the UK Government’s 
Foresight programme on transport and policy futures, which in 
turn led to his research on social futures, as well as his setting up an 
Institute for Social Futures at Lancaster University. 

The book therefore builds on long-standing research projects, 
with substantial chapters on mobilities in the city, 3D printing and 
the future of manufacturing, and the futures of energy and climate 
change. Throughout, Urry manages to explain in clear, accessible 
prose how social practices are constitutive of technology, stressing 
how technological systems are always socio-material, that the process 
of innovation is complex and unpredictable, the importance of 
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concepts such as path dependency and lock-in, and the need for what 
is often termed ‘responsible innovation’. For him, these features are 
best captured by complexity theory, which emphasises how systems 
are dynamic, processual and unpredictable. 

While I found the claim for the distinctiveness of this notion not 
altogether convincing, perhaps because the recent scholarship on 
infrastructures in science and technology studies is wholly compatible 
with his approach,13 this is a minor quibble. I wholeheartedly agree 
with the spirit of his argument. The point of these scenario-building 
exercises is precisely to authorise the participation of a broad range 
of relevant actors typically excluded from processes of deliberation 
about the future. And this turn would entail democratising the whole 
organisation of the making of technology and, with it, society. 

The cover of What is the Future? features Antony Gormley’s 
‘Another Place’. This work, located on the foreshore in Crosby Beach, 
Merseyside, consists of 100 cast-iron sculptures of the artist’s own 
body facing out to sea. It is a fitting metaphor for a book that asks 
us to take seriously our role as sociologists in crafting the future. 
Evoking Walter Benjamin’s Angel of History, we need to conjure up 
our own Angels of the Future, which stand on the shore of society, 
their gaze fixed on the horizon, alert to the winds of change. They 
must be both several and diverse. The homogeneity of the Silicon 
Valley creators is a more dangerous threat to the future than any per-
ceived robotic apocalypse. Too often these purveyors of the future 
have their backs to society, enchanted by technological promise and 
blind to the problems around them. It will require more than robots 
to ensure that the future really is different this time.
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2
‘Voracious Appetite for Surplus Labour’

Understanding the digital revolution  
through Marx

Elena Louisa Lange

Only a few years ago, automatic self-checkout points started appear-
ing at local supermarkets like misplaced objects from outer space. To 
the annoyance of many customers already stressed out by work and 
family life, automatic checkouts demanded ‘proactive’ behaviour from 
grocery shoppers: each item has to be scanned by consumers them-
selves, holding the barcode of the product above the scanner in the 
right way and so forth. And as if that were not enough, these checkout 
points bred mistrust particularly among more ‘conscious’ consumers: 
the principle of the self-checkout gave the impression of an insidi-
ous yet nonetheless apparent job killer. The initial wave of distancing, 
or downright rejection, even symbolic boycotting, however, quickly 
turned into acceptance and eventually a kind of indifferent sympathy. 
Today, the self-checkout has simply become an everyday object – a 
normal part of grocery shopping. No one really wants to know the 
exact workings of such machines. The scanning of items by custom-
ers is, as it were, nothing but a cost-saving measure on the part of the 
supermarket owner, chain or parent company. For example, one of 
the selling points for Russian firm SFOUR’s Automatic Cash Register 
– alongside the ‘monitoring of all payment operations’, the automatic 
generation of data regarding the sales stock, market research and 
‘increased customer loyalty’ – is, first and foremost, ‘the complete 
replacement of a cashier’.1 

The productive forces under the form of social production known 
as capitalism seem to have developed to a point where labour – or, 
more precisely, wage labour – is redundant, or at least becoming con-
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tinuously cheaper. The development of the productive forces in this 
sense permeates society as a whole, impacting consumption, produc-
tion and distribution. What the self-checkout points represent in the 
sphere of consumption becomes industrial automation in the realm 
of production: the dream of a completely autonomous, self-learn-
ing and self-optimising factory – the ‘factory out of the 3D printer’. 
And when it comes to social distribution, over the past two decades 
so-called online platforms have started to occupy the space between 
production and the ‘end customer’. Amazon, Uber, Airbnb, Google 
and Facebook do not produce anything, but instead generate their 
profit from commission (e.g. for goods, taxi rides, apartments) and 
advertising. Even in those cases where the accumulation of data, on 
which the platforms’ entire business model is built, still requires some-
thing resembling labour, production forms such as crowdsourcing 
and clickwork outsource work to individual platform ‘microwork-
ers’ whose income per Human Intelligence Task or ‘HIT’ is usually 
measured in cents rather than euros.2 

Although labour is not eliminated entirely here, it is more decen-
tralised and individualised – and therefore cheaper. In short, over 
the course of the development of capital’s productive forces, human 
labour is increasingly leading a shadowy existence, while special-
ised machines and robots are taking over social production. That is 
not necessarily a problem per se. It only becomes one under the val-
orisation conditions of capital as robots do not produce value. The 
crisis is – to use a fitting term – preprogrammed. This chapter seeks 
to understand – with the help of Marx – how the destruction of living 
labour and its replacement with machines and robots, the develop-
ment of the productive forces and the crisis of capitalism are linked. 
The focus is thus placed on the question of why robots do not create 
any value or surplus value (profit): surely they work too? As we shall 
see, this notion is owing to a ‘fetishist’ view of the capitalist mode of 
production. 

Regardless of all the excitement about the ‘digital revolution’ and its 
technological potential (to which public broadcasters dedicate entire 
prime-time programmes) – all the advanced education and training, 
promotional events and taster workshops (for we are all supposed 
to be made ‘fit for digitalisation’) – it is only the ‘technical-mate-
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rial’ aspects that are addressed in the debate. The ‘socio-economic’ 
or ‘material-social’ elements are largely ignored. As Felix Klopotek 
points out, this leads to the discussion of ‘socio-economic rela-
tions in light of their dependence on technical-material processes, 
which, in turn, and precisely as a result thereof, are stylised as a 
fetish’.3 This ‘stylisation as a fetish’, however, is itself part of a mode 
of production which declares not only the ‘material objectification’ 
of self-learning machines a ‘fetish’, but even that of seemingly simple 
yet highly complex and socially mediated ‘things’ such as commodi-
ties and money. As a result, all the social prerequisites for the dizzying 
development of the productive forces we are currently witnessing 
involuntarily are blanked out. The stylisation of the technical-mate-
rial component of digitalisation as a ‘fetish’ is therefore the result of 
an absolutisation of the material appearance of complex social rela-
tions in which the question is no longer how it is possible that money 
can actually represent ‘value’, how capital yields profit or – and this 
is particularly relevant for the discussion in this chapter – how it is 
possible for machines and robots to ‘create value’. 

The basic aspects of the social – historic, but mainly systematic 
– prerequisites for explaining the phenomena of automation and 
digitalisation were already taken up and criticised by Marx in his 
analysis of the capitalist mode of production. For it was only through 
his magnum opus, Capital, and his Critique of Political Economy that 
he created the theoretical backdrop against which we can understand 
and criticise the problems and contradictions of digitalisation and the 
development of the productive forces that confront us today: labour 
being ‘made superfluous’ while the class relation between capital and 
labour persists, the ‘cheapening’ of production costs with a simulta-
neous continuity of proneness to crisis, the ‘valorisation’ of capital 
alongside ever-lower profit margins. Marx not only identified these 
contradictions, but indeed provided the context of justification which 
reduces them to a common denominator and illustrates their validity 
in reality – namely through the heuristic centrepiece of his analysis, 
the theory of value and surplus value. 

In the following, I seek to substantiate the basic features of the 
validity of the Marxian theory of value and surplus value – a theory 
through which terms such as the development of the produc-
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tive forces and the concrete phenomenon of digitalisation can be 
grasped in the first place. Only an understanding of the expenditure 
of abstract-human labour in the production process as the source 
of value and surplus value makes the essence of the capitalist mode 
of production – valorisation, expressed in the value form of profit 
– comprehensible. Given that, according to Marx, capital has the 
‘vocation to approach, by quantitative increase, as near as possible 
to absolute wealth’4 – which is why the postulate of valorisation con-
stitutes the central motive of the capitalist mode of production to be 
satisfied through the ‘voracious appetite for surplus labour’5 – it is the 
relentless drive to ‘pump out’6 increasingly more surplus value from 
the productive process, the ‘boundless thirst for surplus labour’,7 that 
propels the development of productive forces, as we shall see below, 
in a way that is highly contradictory both for capital and its own logic 
of valorisation.

why robots produce no value:  
an outline of the marxian theory of value

For Marx, ‘production is the actual point of departure and hence also 
the dominant moment [of consumption and distribution]’: without 
an analysis of production it is impossible to understand consump-
tion and distribution.8 Marx’s theory of value, commonly referred to 
as the Labour Theory of Value, establishes the objective relationship 
between human labour within the production process and the value 
substance and magnitude of value that emerge from it. Hence, it does 
not exhaust itself in a ‘price theory’,9 but represents the foundation 
for an understanding of what actually constitutes the social relation-
ship – and how it appears – in the first place. For ‘value in itself ’ 
never appears as such, but is attached to certain manifestations, the 
forms of value. These are commodities, money, capital, labour wage, 
price, profit, interest, ground rent, etc. These value forms, or forms 
of value appearance, all rest on abstract human labour – more pre-
cisely, on the unpaid labour of others. In fact, the source of value, i.e. 
abstract-human labour in the production process, is no longer recog-
nisable in its ‘objectified’ forms of appearance – the value forms – and 
essentially commands today’s fetishist attitude towards technology 
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and supposedly profit-producing robots. In order to elucidate Marx’s 
explanation as to why robots produce no value or surplus value, the 
theory of value and surplus value will first be outlined. 

But before we begin, let us take a step back and ask what ‘abstract 
labour’ actually means. Marx distinguishes between the individually 
produced capitalist commodity’s use value and its value: ‘The useful-
ness of a thing makes it a use-value.’10 Here use value is the result of a 
certain purposeful, useful and concrete labour. In contrast to value, it 
is the result of abstract-general labour. However, it does not manifest 
itself in a single commodity: ‘An apple is worth one apple’ is not an 
expression of value. The value of a commodity appears only in the 
exchange of commodities, even though this is not where it originates. 
An individual commodity can express its value only through another 
commodity. Marx therefore considers the social exchange relation 
of two distinct commodities and shows that the exchange of, say, a 
quarter of wheat and 50kg of iron is possible only on the condition 
of a ‘common element of identical magnitude’, which is itself neither 
the use value of wheat nor that of iron. Rather, ‘[b]oth are therefore 
equal to a third thing, which in itself is neither the one nor the other. 
Each of them, so far as it is exchange-value, must therefore be reduc-
ible to this third thing.’11 Consequently, ‘the exchange relation of 
commodities is characterized precisely by its abstraction from their 
use values’.12 To Marx, it is clear that the abstraction from the com-
modities’ use values and the concrete labour that went into their 
production leaves little more than ‘the same phantom-like objectiv-
ity; they are merely congealed quantities of homogeneous human 
labour, i.e. of human labour-power expended without regard to the 
form of its expenditure’.13 This ‘phantom-like objectivity’ is the value 
of the commodity and it emerges in actual commodity exchange 
via an exchange relation which asserts itself with quasi-natural reg-
ularity. Correspondingly, at least under normal circumstances, 
two mid-range cars will commonly be exchanged for more money 
than will a normal bar of chocolate, and twelve pairs of shoes will 
be traded for less than three single-family houses. The assertion of 
certain exchange relations, however, cannot be deduced from the use 
value or the need of those involved in the exchange: commodities 
with a high use value, such as water (or oxygen), have a low value, 
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whereas those with a relatively low use value (diamonds, works of 
art) have a high value.14 The quantitative definition of the exchange 
relation between two commodities thus rests on the magnitude of 
their value, which in turn is determined in qualitative terms through 
‘the quantity of the “value-forming substance”, the labour, con-
tained in the article. This quantity is measured by its duration, and 
the labour-time is itself measured on the particular scale of hours, 
days, etc.’ Given the possibility that one may assert that a particularly 
slow worker could produce a greater value than one who works faster, 
Marx adds that ‘[w]hat exclusively determines the magnitude of the 
value of any article is therefore the amount of labour socially neces-
sary, or the labour-time socially necessary for its production’.15 What 
is decisive for the magnitude of value is the labour time under socially 
average production conditions. This reduction of labour to ‘the quan-
titative proportions in which society requires them’ in turn depends 
on a commodity production that rests on a general division of labour, 
in which the relations of exchange assert themselves through the 
socially necessary labour time objectified in the commodities, just 
like ‘the law of gravity asserts itself when a person’s house collapses 
on top of him’.16

The ‘twofold nature of the labour contained in commodities’ – that 
is, rather than being two distinct ‘kinds of labour’, it is the exact same 
labour, considered under the two mutually exclusive aspects of use 
value and value – is for Marx the ‘point [which] is crucial to an under-
standing of political economy’17 and which represents the foundation 
for the Marxian analysis. After all, the ‘crucial point’ is that the com-
modity product has a use value, but the motive of production is not 
the creation of use values but the production of (surplus) value and 
its value forms of capital and profit. This is immediately evident: if 
the use value or the benefit for people were the motive of production, 
not a single person on the planet would have to go hungry. Conse-
quently, it is not supply and demand that regulate production under 
capitalist conditions, but monetary, that is, solvent, demand. It is the 
value form of money that attracts commodities, not the need for 
certain use values. The way in which value and surplus value become 
the motive driving production will be shown in the following outline 
of the Marxian theory of surplus value.
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the basic features of the marxian theory  
of surplus value

The theory of value may be the theoretical foundation for the theory 
of surplus value – Marx’s revolutionary scientific insight into the 
exchange of capital and labour under unequal conditions, and 
simultaneously the centrepiece of his entire analysis18 – but capi-
talist exchange relations can only be explained on the basis of the 
theory of surplus value. For the commodity produced under capi-
talist relations is a bearer not only of value, but of surplus value. If 
capitalists gained only value, but no surplus value, from the sale of a 
commodity, there would be no reason for the capitalist mode of pro-
duction to exist – and hence no reason for the capitalist to exist either. 
Here we also find the reason why robots and other machines do not 
produce any value: robots produce no value because they produce no 
surplus value. When defining living abstract labour expended in the 
production process as the only source of (surplus) value, Marx simul-
taneously addressed the relation between wage labour and capital, 
without which there would be no capitalist mode of production. 

As we have seen, Marx considers abstract human labour to be the 
source of value. This labour force is traded like a commodity on the 
‘free market’, i.e. it is bought and sold. The worker, who depends on 
her wage for daily reproduction, sells her ‘capacity’ to work as a com-
modity. The capitalist buys this commodity for a certain period of 
time, be it a working day or a month. The value, or sales price, of 
labour force is the wage. As we have seen, however, the value of a 
commodity corresponds to the socially necessary labour time that ‘it 
contains’. The labour wage or value of the commodity of labour there-
fore corresponds precisely to that part of the working day in which 
the worker performs the necessary labour, i.e. produces a value sum, 
which corresponds to her wage and thus ensures her own reproduc-
tion (food, clothing, housing, etc.). In principle, production could be 
organised this way: workers only work the number of hours it takes to 
reproduce themselves as workers. Capitalist production, with its pos-
tulate of valorisation, however, would be made impossible as a result 
given that it requires the production of surplus value, the production 
of capital. That is why the money owner or capitalist is indeed pleased 
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to be ‘lucky enough’19 to find the workers’ labour power as a com-
modity on the market, because the capitalist, like the buyer of any 
other commodity, pays for the value of labour power – not for its use 
value. And yet it is the use value of the commodity of labour power, 
that is, its consumption or application by the capitalist in the pro-
duction process for a certain amount of time, which has the peculiar 
property of producing value that is greater than its own value, the 
labour wage. The capitalist is thus ‘lucky’ in the sense that he (or 
she) does not violate the principle of the exchange of equivalents: the 
commodity of labour power is bought at its value: the wage. The cap-
italist, as the legitimate buyer, is entitled to own the full use value of 
this commodity. The fact that this commodity has a use value that 
itself creates value – indeed beyond the actual value at which it was 
purchased as it produces surplus value – is therefore not the result of 
fraud. The capitalist does not permit the worker to perform labour 
only for enough time as to allow her to reproduce the labour wage; 
she must work longer. The wage labourer thus works not only for 
herself, but also performs unpaid labour for the capitalist. This way, 
the capitalist appropriates ‘alien unpaid labour’ without infringing on 
any principle or law.

new value and surplus value

According to Marx, the whole secret of value and surplus value pro-
duction rests on the temporal difference between necessary and 
surplus labour within the production process. Regarding robots 
and machines, however, there is no point in distinguishing between 
necessary and surplus labour. Robots neither have to reproduce them-
selves nor do they work for a wage. Most notably, they are unable to 
produce any new value, i.e. to preserve their own value while creating 
surplus value. 

Robots, assistance systems, self-checkout points, supercomput-
ers, etc. are means of production. As such, they constitute ‘constant 
capital’ (c) and a component of ‘productive capital’. The latter also 
includes the wage for workers advanced by the owners of money – 
i.e. the owners of the means of production for the production process 
– which Marx terms ‘variable capital’ (v). Productive capital is the 
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starting point of the production process. The choice of terminology 
is no coincidence: constant capital transfers either all or a part of its 
value to the value product during production. It thus becomes part of 
the value product c + v + s, in which s denotes surplus value and v + s 
is the new value created during production. This new value, however, 
is only created by the expended living labour v, the use of which (for 
the one applying it, i.e. the capitalist) consists precisely of not only 
preserving the value of the means of production (i.e. transferring the 
value, but not the use value, to the new product), but also creating an 
additional new value, a new product, a new commodity. In this sense, 
the value of the commodity of labour power only flows into the final 
product of a commodity as long as it creates new value, that is, only 
in terms of the preservation and new creation of value. It is therefore 
variable: the capital component advanced in v, then, not only repro-
duces its own value, but changes the value of the product over the 
course of the production process (becoming greater in proportion 
to the intensity and duration of expended labour power), while the 
part advanced in c remains constant. In other words: a change in the 
value of c has a direct impact on the value product in the formula c + 
v + s. A change in the value of v, however, has no direct impact on the 
value product: the creation of new and surplus value depends not on 
the worker’s wage, but on the intensity and duration of labour expen-
diture. The ‘valorisation of capital’ thus results ‘exclusively from its 
variable component’.20 Marx refers to the relation between surplus 
labour and variable capital, i.e. the relation in which living labour 
creates surplus value, as the ‘rate of surplus-value’, or s / v, which at 
the same time is an indicator of the degree of exploitation of labour 
power. 

Machines (and therefore robots as well) may represent import-
ant factors for the efficiency of production and the compression of 
labour from the perspective of valorisation. Yet they are bought by 
the unit and as such merged into the value product: they are really 
paid for and form part of the value product as purchased products. 
Labour, however, which produces new value, i.e. which reproduces 
its own value while simultaneously creating surplus value, is not paid 
for. Only here can we meaningfully speak of surplus labour, which 
constitutes the foundation of valorisation. Given that the valorisa-
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tion process is not only a process of value creation but also of value 
preservation, and capitalist production produces use values only as 
bearers of value and surplus value, value production must essen-
tially be understood as a part of surplus value production, and not the 
other way around. If no surplus value is produced, there is no value. 
Consequently, then, as robots produce no surplus value, they do not 
produce any value either.

This is where the fetish phenomenon can be brought full circle. 
The fact that the value form called ‘labour wage’ appears as if it paid 
for the labour of one working day or month is part and parcel of the 
‘stylisation’ of capital as fetish. It makes it seem as though ‘labour’ 
and ‘means of production’ contribute equally to the process of value 
creation – as though ‘dead’ labour, i.e. already objectified labour such 
as machinery, robots and self-learning algorithms, produce value as 
well. In truth, however, the ‘production of value and surplus value’ can 
only be understood in a meaningful way as the expenditure of living 
human labour. The development of the productive forces in this sense 
occurs under the precept of achieving the most effective valorisation 
of this labour. From the perspective of capital, labour actually really 
seems to be valorised more efficiently through the use of increasingly 
specialised innovative technology in terms of the means of produc-
tion – after all, it is precisely the goal of using the invested capital in 
the most productive way, i.e. gaining a surplus value or profit from 
the sale of commodities, which propels the technical-technological 
development and thus the development of the productive forces. Yet 
it is precisely this logic of valorisation at all costs, which is the engine 
driving the development of productive forces, that is undoing the val-
orisation postulate. An important component of this undoing is the 
‘capital fetish’, that is, the notion that means of production, or ‘dead’ 
labour – which includes all material-technological factors of produc-
tion – contribute to (surplus) value creation. It is therefore clear to 
Marx that

With the development of relative surplus-value in the specifi-
cally capitalist mode of production, involving the growth of the 
productive forces of social labour, these productive forces and the 
social context of labour appear in the immediate labour process as 
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shifted from labour to capital. Capital thereby already becomes a 
very mystical being, since all the productive forces of social labour 
appear attributable to it, and not to labour as such, as a power 
springing forth from its own womb.21 

This fateful undoing, which manifests itself for all those involved 
as a crisis of valorisation, or simply a crisis of capitalist production, 
is subsumed under the analytical category of relative surplus value. 
For it is the production of relative surplus value that essentially char-
acterises the wholly capitalist mode of production. Here, capital not 
only finds the conditions of production and appropriates an already 
existing mode of production, but indeed changes it and thus sets in 
motion the development of the productive forces. The category of 
relative surplus value accounts for the dynamic of value production 
under the conditions of real and progressive application of the latest 
technological development and innovation in the form of constant 
capital accompanied by the simultaneously decreasing use of living 
labour: in other words, it explains the crisis proneness intrinsic to the 
development of capitalist social productive power. The validity of the 
term ‘relative surplus value’ must certainly not be underestimated. 
To conclude, we shall therefore take a look at how Marx introduces 
this term.

the development of productive power,  
relative surplus value and crisis

As we have seen, surplus value is based on the difference between 
socially necessary and surplus labour, measured in labour time. The 
greater the proportion of surplus labour vis-à-vis necessary labour 
there is in a working day, the greater the surplus value and profit. In 
the early stages of capitalist production, there was a given technical 
state which required workers to work for a certain ratio of the working 
day on average – say, six hours – for themselves. The socially neces-
sary labour time for their own reproduction was given. Six hours per 
day allowed for an unimpeded reproduction of labour power. Hence, 
in order to ‘pump out’ as much surplus labour as possible from the 
production process, surplus labour had to be extended. Marx calls 
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this extension of the working day beyond socially required labour 
the production of absolute surplus value. Unfortunately for capital, 
there is a ‘maximum limit’ to this form of production that cannot be 
exceeded for physical and social reasons: no one can work 24 hours 
per day. People have to satisfy ‘intellectual and social requirements, 
and the extent and the number of these requirements is conditioned 
by the general level of civilization’.22 Capital, however, in its drive 
towards valorisation, seeks and finds, over the course of its devel-
opment, ways of increasing the production of surplus value, i.e. of 
extending surplus labour without consideration for natural limita-
tions. Given that this cannot be done simply through prolonging 
surplus labour due to the natural limits of the working day, the only 
option for increasing the production of surplus value is the ‘contrac-
tion of the necessary labour-time’,23 or the shortening of the part of 
the working day during which the worker works for themselves. Cor-
respondingly, the ‘respective lengths of the two components of the 
working day’24 change as well. If the necessary labour is contracted, 
surplus labour and thus the production of surplus value expands. 
Marx refers to this form of surplus value production as the produc-
tion of relative surplus value. Yet, as this obviously entails a reduction 
in wages, too, and the reproduction of labour power becomes very 
difficult without a certain ‘standard of living’, capital itself must 
change the conditions of production under which it valorises itself. 
It is forced to produce greater volumes faster, more efficiently or, in 
short, in a more cost-saving way. By reducing production costs, par-
ticularly with regard to variable capital, and increasing the use of 
constant capital, it is able to produce a greater mass of commodities 
in a shorter period of time, resulting in a corresponding ‘cheapen-
ing’ of the value of the goods the worker necessarily has to consume 
(in addition to other goods). The production of relative surplus value 
reduces the value of the commodity of labour power along with 
the production costs because the shopping cart – or what we might 
refer to today as consumer price index (CPI) –  becomes cheaper. 
It is this dynamic change in production conditions with the aim of 
lowering the price of the commodity of labour power which drives 
forward the development of the productive forces under the direc-
tive of surplus value production, i.e. under capitalist conditions. The 
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means for achieving this is the replacement of living labour with 
technical auxiliary apparatuses, computers, machinery, robotics, etc. 
Seeing as the prevalence of specialised private production and com-
petition between individual capitals continues, any use of capital is 
considered with a view to saving costs – while each individual cap-
italist simultaneously seeks the utmost efficient valorisation of their 
own capital. The individual capitalist by no means makes a conscious 
decision to shorten the necessary labour time and reduce the value 
of labour power, ‘[b]ut he contributes towards increasing the general 
rate of surplus-value only in so far as he ultimately contributes to this 
result’.25

The valorisation postulate, then, is seriously disturbed by this 
ever-faster development of the productive forces. Here, the ‘neces-
sary tendencies’ become manifest, namely as a contradiction of the 
capitalist mode of production. Marx termed this tendency the ‘Law 
of the Tendency of the Profit Rate to Fall’ (LTPRF).26 For if constant 
capital is increased in relation to variable capital while the rate of 
surplus value remains unchanged – Marx calls this the ‘increase in 
the organic composition of capital’ – the part of capital which cre-
ates new value, or v, becomes smaller. As a result, less surplus value 
is created in the production process. This in turn is expressed by the 
‘gradual fall in the general rate of profit’,27 as Marx illustrates with a 
number of simple equations. This ‘necessary tendency’ is rooted in 
a mode of production which develops the forces of production only 
for the purpose of an ever-greater self-valorisation: ‘The progressive 
tendency for the general rate of profit to fall is thus simply the expres-
sion, peculiar to the capitalist mode of production, of the progressive 
development of the social productivity of labour.’28 After all, capital is 
what it is only because of its quantitative expansion, as accumulation 
of abstract wealth or ‘value’, measured in money. Expanded accumu-
lation in particular, however, requires cost saving and the replacement 
of living labour, or ‘expensive labour costs’, through ‘cheap machin-
ery’, thus inevitably producing less surplus value: it is a vicious circle 
or, rather, a ‘contradiction-in-process’, because capital strives

to reduce labour time to a minimum, while, on the other hand, 
positing labour time as the sole measure and source of wealth […] 
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On the one hand, therefore, it calls into life all the powers of science 
and nature, and of social combination and social intercourse, in 
order to make the creation of wealth (relatively) independent of 
the labour time employed for that purpose. On the other hand, 
it wishes the enormous social forces thus created to be measured 
by labour time and to confine them within the limits necessary to 
maintain as value the value already created.29

In the same passage, however, Marx also describes the develop-
ment of the productive forces as a means to abolish the domination of 
(material or) objectified relations as well as the dominance of capital 
and its valorisation postulate over human beings and their real needs. 
Once the development of the social forces of production were no 
longer subject to the directive of surplus value, the human liberation 
from labour would actually be possible. ‘The productive forces and 
social relations […] appear to capital merely as the means, and are 
merely the means, for it to carry on production on its restricted basis. 
In fact, however, they are the material conditions for exploding that 
basis.’30 Whether this possibility will come to fruition one day will 
crucially depend on whether the pretence of the ‘objectified’ or ‘mate-
rial-technical’ foundations of digitalisation is revealed and overcome, 
and social prerequisites of these foundations are reflected.
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3
Industrial Revolution and  

Mechanisation in Marx
A fact check

Dorothea Schmidt

In the first half of the nineteenth century, England, Scotland and 
Wales underwent radical changes. New machines like the spinning 
jenny and the self-acting spinning mule revolutionised spinning, 
while the mechanical loom did the same for artisanal weaving. Large 
factories sprung up everywhere, and the population of Manches-
ter multiplied within only a few decades, turning a small town into 
the second-largest city in England, henceforth to be known as the 
workshop of the world. At the time, the endless stacks of smoking 
chimneys provoked feelings of both fascination and fear among people 
– including Karl Marx, who had meticulously studied questions per-
taining to machines and the overall technological development since 
the mid-1840s. Later assessments often asserted that Marx had been 
a machine fetishist – a theoretician of the relentless mechanisation of 
production and the inevitable degradation of the labour force.1 Was 
this really the case, and did it in fact correspond with the develop-
ment of industrialisation in Great Britain at the time? And on what 
sources were his studies based?

mechanisation and labour forces in marx

Marx presented his first lengthy deliberations on the significance 
of machines in his Grundrisse of 1857/58, which also contains the 
so-called ‘Fragment on Machines’: 



Dorothea Schmidt

40

Once included into the production process of capital […] the 
means of labour passes through a series of metamorphoses until 
it ends up as the machine, or rather as an automatic system of 
machinery (system of machinery: automatic merely means the 
most complete, most adequate form of machinery, and alone trans-
forms machinery into a system). That system is set in motion by 
an automaton, self-moved motive power; this automaton consists 
of a large number of mechanical and intellectual organs, with the 
workers themselves cast in the role of merely conscious members 
of it.2 

These passages are not primarily concerned with the historical sig-
nificance of mechanisation in the production process so much as 
with more general reflections on machinery as fixed capital and 
its use value in the production process. In his Economic Manu-
script composed between 1861 and 1863, Marx was somewhat more 
specific, presenting the following compelling sequence: ‘The large-
scale industrial system has been put into effect: 1) in factories proper; 
2) in manufactories, which all now employ machines to some degree; 
3) in agriculture. In all these one finds a system of production on a 
large scale.’3 This development appeared unstoppable and seemed to 
encompass all areas of material production, including agriculture. Its 
impact on the labour forces is described as follows: 

[T]he industrial revolution first affects the part of the machine 
which does the work. The motive force here is at first still man 
himself. But operations such as previously needed the virtuoso to 
play upon the instrument, are now brought about by the conver-
sion of the movement directly affected by the simplest mechanical 
impulse (turning the crank, treading the wheel) of human origin 
into the refined movements of a working machine.4 

Similarly, further on it reads: 

Once the tool is itself driven by a mechanism, once the tool of the 
worker, his implement, of which the efficiency depends on his own 
skill, and which needs his labour as an intermediary in the working 
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process, is converted into the tool of a mechanism, the machine has 
replaced the tool.5

In Chapter 15 of the first volume of Capital, the chapter on machinery 
and large-scale industry, Marx proceeds from Stuart Mill’s question 
on whether mechanical inventions had ever ‘lightened’ the work of a 
human being. His succinct response – and, moreover, the motif for 
the following 140 pages – is: 

That is, however, by no means the aim of the application of machin-
ery under capitalism. Like every other instrument for increasing 
the productivity of labour, machinery is intended to cheapen com-
modities and, by shortening the part of the working day in which 
the worker works for himself, to lengthen the other part, the part 
he gives to the capitalist for nothing. The machine is a means for 
producing surplus-value.6 

In diagnosing the ‘Transition from Modern Manufacture and 
Domestic Industry to Large-Scale Industry’7 for his own present, 
Marx returns to the stage theory already postulated earlier: 

The principle of machine production, namely the division of the 
production process into its constituent phases, and the solution 
of the problems arising from this by the application of mechan-
ics, chemistry and the whole range of the natural sciences, now 
plays the determining role everywhere. Hence machinery pene-
trates into manufacture for one specialized process after another.8

Marx saw three specific forces at work that were driving the increas-
ing mechanisation. First, the relations between the distinct sectors of 
what today would be referred to as the value chain: ‘The transforma-
tion of the mode of production in one sphere of industry necessitates a 
similar transformation in other spheres.’9 Correspondingly, machine 
spinning necessitated machine weaving due to increased productiv-
ity; the two combined revolutionised bleachery, cloth printing and 
dyeworks, but had repercussions for the previous production stage, 
mechanical engineering: ‘Large-scale industry therefore had to take 
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over the machine itself, its own characteristic instrument of produc-
tion, and to produce machines by means of machines.’10 Likewise, the 
downstream sectors of the garment industry were subordinated to 
the need for mechanisation and factory production: ‘The decisively 
revolutionary machine, the machine which attacks in an equal degree 
all the innumerable branches of this sphere of production, such as 
dressmaking, tailoring, shoemaking, sewing, hat-making and so on, 
is the sewing-machine.’11

Marx considered social reforms to be a second driving force. For 
the first time, legal limits were placed on the production of absolute 
surplus value by shortening the working day, which had, in the past, 
been repeatedly prolonged. Once the standard working day was 
introduced, ‘capital threw itself with all its might, and in full aware-
ness of the situation, into the production of relative surplus-value, by 
speeding up the development of the machine system’.12 

Ultimately, he argued, the development of machinery would 
depend on class struggles: ‘It would be possible to write a whole 
history of the inventions made since 1830 for the sole purpose of pro-
viding capital with weapons against working-class revolt.’13 As a case 
in point, he referred to the self-actor and machine engineering, and 
referenced James Nasmyth, the inventor of the steam hammer, who 
had boasted before a government commission in 1851 that the intro-
duction of ‘self-acting tool machinery’ had allowed him to get rid of 
the skilled workers who had initiated a strike.14

Marx apparently saw one of the crucial dynamics in the efforts on 
the part of capital to make itself independent from the knowledge and 
capabilities of trained staff, on whom it still greatly relied in the man-
ufactures, and he assumed that this was entirely successful through 
the introduction of machines. Relevant passages – which were gladly 
and frequently quoted subsequently – can be found in both the 
Grundrisse and in Capital, in which Marx eloquently denounces the 
destructive impact of the machine system on the workers, or, more 
precisely, the destruction of their erstwhile virtuosity: ‘Along with the 
tool, the skill of the worker in handling it passes over to the machine’, 
which is why, in the ‘automatic factory’, there is no longer, as there 
was in manufacture, a ‘hierarchy of specialized workers’, but rather 
‘a tendency to equalize and reduce to an identical level every kind of 
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work that has to be done by the minders of the machines’.15 Later in 
the text, it reads: 

Factory work exhausts the nervous system to the uttermost; at the 
same time, it does away with the many-sided play of the muscles, 
and confiscates every atom of freedom, both in bodily and in 
intellectual activity. Even the lightening of the labour becomes an 
instrument of torture, since the machine does not free the worker 
from the work, but rather deprives the work itself of all content.16

In Marx’s view, this development was accompanied by a new ‘compo-
sition of the collective labourer’ and the novelty that mechanisation 
increasingly allowed for the employment of women and children. 
The expertise of the erstwhile skilled workers became dispensable, 
as their work tasks no longer required their previous levels of qua-
lification: ‘In handicrafts and manufacture, the worker makes use of 
a tool; in the factory, the machine makes use of him.’ The worker 
was now being transformed into an ‘automaton’: ‘The special skill of 
each individual machine-operator, who has now been deprived of all 
significance, vanishes as an infinitesimal quantity in the face of the 
science, the gigantic natural forces, and the mass of social labour.’ In 
short: ‘The instrument of labour strikes down the worker.’17

the industrialisation of great britain  
from a twentieth-century perspective

In the depiction of developments in Britain, even bourgeois histo-
riography mostly toes the line pursued by Marx in Capital, most 
prominently of all David Landes in his definitive book, The Unbound 
Prometheus. According to him, the decisive innovations facilitat-
ing the emergence of the factory system include ‘the substitution of 
machines – rapid, regular, precise, tireless – for human skill and effort’ 
and ‘the substitution of inanimate for animate sources of power’ 
which opened up ‘a new and almost unlimited supply of energy’.18 
Only rarely has this view been contradicted, most vocally perhaps by 
Raphael Samuel, an influential and original Marxist British historian 
who, like David Landes, criticised Karl Marx. 
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Samuel pointed out that industrialisation was not only a process 
of substitution – as Marx’s prime example, the replacement of hand 
weaving by machine weaving, suggested – but also engendered a series 
of hitherto unknown trades and activities: ‘The fireman raising steam 
in an engine cab, or the boilermaker flanging plates in a furnace, were 
engaged in wholly new occupations which had no real analogy in 
previous times.’19 Moreover, the assertion of the capitalist economy 
signified not only the expansion of the factory system: ‘Capitalist 
enterprise took quite different forms in, for instance, cabinetmaking 
and the clothing trades, where rising demand was met by a prolifera-
tion of small producers. […] In metalwork and engineering – at least 
until the 1880s – it was the workshop rather than the factory which 
prevailed, in boot and shoemaking, cottage industry.’20 Consequently, 
there was no sequence of development stages in the sense that each 
stage – simple commodity production, manufacture and modern 
industry – neatly and entirely replaced the previous one. Rather, the 
nineteenth century saw a lasting coexistence of distinct forms, in 
which older ones, such as workshop labour or cottage industry, partly 
remained in place, partly emerged anew.21 The different forms of pro-
duction were frequently closely linked to one another. The individual 
segments of the value chains did not automatically evolve into large 
mechanised firms, such as in the following case: ‘Timber was sawn 
at the saw mills, where steam-driven machinery was, by the 1850s, 
very general; but it was shaped at the carpenter’s bench, on the cabi-
net-maker’s trestles, and at the cooper’s cokefired cresset.’22 Similarly, 
the primary products for knives and cutlery were produced in rolling 
mills and then subsequently further processed by hand in Sheffield; 
Lancashire’s major textile industry provided the cloth which was then 
sewn into garments in thousands of small workshops and the cottage 
industry. Likewise, the use of the steam engine was distributed highly 
unevenly between individual industries: while it was very common in 
cotton factories and in iron manufacturing in 1871, it was a marginal 
phenomenon in the garment industry, saddlery and glove-making, 
boatbuilding and in food production.23 

Hence, Samuel emphasised that the capitalist growth of that time 
did not rest on one but on several technologies. This was true even 
in individual industrial branches when, say, some tasks were mech-



Industrial Revolution and Mechanisation in Marx

45

anised and others remained traditional handicraft, performed as in 
the past, such as in mining, one of the nineteenth century’s growth 
industries, where the use of steam-driven pumps allowed workers to 
reach even greater depths than before: ‘But there was a total absence 
of mechanisation at the point of production, where the coal was still 
excavated by shovel and pick – “tools of the most primitive descrip-
tion, requiring the utmost amount of bodily exertion to render 
effective”.’24 In the textile industry, which served as Marx’s prime 
example of mechanisation, the use of the machine loom and the 
emergence of factories also occurred very unevenly: they appeared 
more frequently in spinning than in weaving, and more often in the 
processing of cotton than in that of linen or silk. Adding to this was 
the fact that, given the volatility of fluctuating sales, many entrepre-
neurs were reluctant to risk any greater investment in self-actors and 
preferred traditional manual spinning, which resulted in both means 
of production existing simultaneously.25

With regard to the production of food, a diverse picture emerges: 
‘There was more machinery in jam-making, where by the 1880s 
steam-jacketed boilers reduced the fruit to pulp, but the preparatory 
stages were performed by hand’ – i.e. the sorting, peeling, cutting 
and cleaning.26 The traditional bakeries by no means disappeared, 
and attempts to set up large-scale bakeries foundered almost every 
time. Given that cities were growing very rapidly during this time, 
the number of manual producers of foodstuffs increased accordingly. 
In the brewing industry, for example, large-scale breweries began 
appearing in London, whose kettles were fired by steam, but there 
were countless small-scale and micro-breweries as well: in Birming-
ham alone, there were 1,800.27

One of the most important industries to be bypassed by mechanisa-
tion was the construction industry: the labour force grew more than 
threefold over the second half of the nineteenth century, and there 
was twice as much investment capital in this sector than in the cotton 
industry: ‘But the scale of enterprise was characteristically small, and 
investment, whether by master-builders or sub-contractors, went 
on labour and materials, not on plant. The main thrust of techni-
cal innovation, such as it was, came in the direction of labour-saving 
materials rather than of mechanical devices.’28 The splendour of Vic-
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torian architecture was displayed in bank buildings with columns 
of all imaginable styles, neo-Gothic churches, administrative build-
ings, train stations and town halls with little towers and gables, ledges 
and statues, that is to say, with a vast variety of ornamentation and 
decoration, offering plenty of work to masons and stuccoers. The 
tools used included hammers, pliers, hatchets and soldering irons, 
with wheelbarrows being the only means of cargo transport. Only 
very few building materials – such as marble for chimney pieces – 
were produced with the use of machines, whereas bricks, roof tiles, 
clinkers, stone window lintels and other building components were 
crafted and – if needed – polished by hand.29 

Concerning the investment goods sector, it is primarily the produc-
tion of raw materials that merits closer attention. ‘In metallurgy steam 
power was massively harnessed to the primary processes of produc-
tion, notably in puddling and rolling; but at the same time new fields 
were opened up for handicraft skills’ in the foundries and finishing 
shops.30 Mechanical engineering – the industry which produced, 
among other things, the machines for the textile industry – continued 
to be dominated largely by handicrafts. With the exception of sewing 
machines, most machines were made in individual make-to-order 
production, in which each component was produced to fit precise 
specifications and refinished subsequently as required. Workers pos-
sessed manual skills, and their precision work at the turning lathe 
was considered more important than the speed at which it occurred. 
The situation was similar with regard to steam locomotives, which 
generally consisted of more than 5,000 individual components. Even 
steam boilers were produced manually, seeing as hydraulic riveting, 
although known at the time, was deemed unreliable for the boilers’ 
durability. Make-to-order manufacturing was also common practice 
in the world-leading British shipbuilding sector, with a company’s 
reputation depending on the quality of work. Here, hydraulic riveting 
was used in some individual production steps, but even in the larger 
shipyards, manual riveting was common. Parallel to the growth of 
steam locomotives, the construction of railway lines also expanded at 
the same rate, employing around 300,000 workers by the mid-nine-
teenth century. For the most part, the tools of their trade were the 
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pick and shovel, regardless of whether they were building railway 
embankments, shafts, tunnels or viaducts.31 

Overall, Samuel concluded: ‘In manufacture, as in agriculture and 
mineral work, a vast amount of capitalist enterprise was organised 
on the basis of hand rather than steam-powered technologies.’32 He 
listed several reasons why mechanisation was implemented in only a 
minority of trades. 

Firstly, there was a relative abundance of skilled and unskilled 
labour forces. Entrepreneurs were therefore less interested in labour-
saving so much as in capital-saving innovations. This situation was 
specific to the United Kingdom; the United States, on the other hand, 
suffered from a lack of labour forces. Here, railway construction 
occurred with the use of steam-driven diggers, lock manufacturing 
relied on processed cast iron, and nail machines were implemented 
for nail production, while handcrafted products were still common 
in Victorian England.33 

Secondly, mechanisation was not the only way of increasing pro-
ductivity. Another was to improve tools or use new raw materials. In 
British agriculture, there was an increased use of scythes instead of 
sickles; in mining the steel pickaxe came to replace the iron pickaxe. 
Simultaneously, products were often redesigned and individual work 
steps were simplified; for example, in shoemaking the soles were no 
longer sewn, but nailed on.34 

Thirdly, there was often a significant ‘gap between expectation 
and performance. In many cases the machines failed to perform the 
“self-acting” miracles promised in the patents, and either needed a 
great deal of skilled attendance, or failed to execute their appointed 
tasks.’35 It took decades before, say, the needle machine built by 
Wright, which was supposed to produce a ‘perfect needle’ in a single 
operation, or the steam-powered Jolly wheel, which was to replace 
manual pottery making, were actually operational and provided sat-
isfactory results. Many materials in fact resisted machine processing: 
‘In the leather trades, every process of production, from the pre-
paratory work to the finishing, depended on manual dexterity and 
strength.’36 The situation was similar in shoemaking and saddlery.37 

Fourthly, companies often faced unsteady and limited demand. 
This could change on a weekly basis or according to the seasons, and 
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was, moreover, subject to cyclical economic fluctuations, which were 
preferably countered with the hiring or firing of labour forces instead 
of leaving expensive machinery idle. Demand was limited in the 
sense that there were no standardised products in many areas, which 
required the production and sale of many distinct types of product – 
there were around 45 types of axe and 500 different hammer variants.38

what was the basis of marx’s view  
on british industrialisation?

We do not know whether Marx, who had lived in London with his 
family since 1849, attended the Great Exhibition in London’s Hyde 
Park in 1851, the very first World’s Fair. It was regarded as a particu-
larly glamorous showcasing of British capitalism, and he could have 
marvelled not only at the ‘self-active machines’ and other brilliant 
technical achievements there, but at handcrafted products as well: 
‘even in the “Machinery Court” many of the exhibits were assem-
bled from hand-made components’.39 What cannot have eluded him, 
however, was the abundance of construction work that was taking 
place in London at the time: the 1850s saw the construction of most 
of the major railway stations, the underground, countless admin-
istrative buildings – among others, the vast Palace of Westminster 
in neo-Gothic style, not far from the British Museum, the library of 
which he used from 1850 onwards. The number of London’s inhabi-
tants grew from 2.7 million in 1850 to 3.9 million by 1870.40 He either 
did not notice that countless bricklayers, masons and stuccoers, join-
ers and lathe operators were using tools, and not machines, or he 
classified this as a transitional state, in order to then immerse him-
self in his preferred sources for the development of industrialisation, 
seeking to grasp the characteristic features it would have in terms of 
future developments. 

In his time in Brussels from 1845 to 1848, Marx already engaged 
with and wrote up extensive excerpts, particularly with regard to 
steam engines, from the Technical Dictionary by Andrew Ure, which 
explains their construction logic and functional principles, as well 
as presenting inventions towards their improvement. He also read 
Ure’s The Philosophy of Manufactures,41 and although he regarded the 
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author to be a ‘shameless apologist of the factory system’, he credited 
him with ‘being the first to grasp its spirit correctly […] with its 
accompaniment of absolute discipline, regimentation, subjection to 
the clock and the rules of the factory’.42

Ure was a Scottish professor of the natural sciences and chemistry 
who, in The Philosophy of Manufactures, treated the textile industry 
as the prototype of the factory system, describing in great detail the 
most recent manufacturing processes and machines used for the dif-
ferent types of cloth. He proved to be a fervent optimist of progress 
who saw salvation in the general proliferation of the machine system 
and claimed that factory labour was easier than any pre-industrial 
activity: the workers earned more money and were much healthier as 
well. In this sense, the factory system represented a ‘grand palladium’; 
that is, a large protective space for the labour force.43 Although Marx 
regarded Ure as a vile apologist, he also considered him an expert 
on existing conditions at the time. Yet the false, rose-tinted image 
Ure painted of the miserable working conditions was also reflected 
in Marx’s depiction of the ‘automatic’ factories he described anec-
dotally by drawing on selected cases. What eluded Marx was the fact 
that Ure did not provide an accurate description of work in the facto-
ries, but instead frequently simply fell for the propaganda spread by 
the machine producers.

As William Lazonick has shown, Ure echoed, for instance, the 
rather grandiose promise of a company from Manchester that the 
new self-actor would make skilled spinners redundant. The machine 
moved entirely automatically, so the argument went, and all that was 
needed were a few adolescent workers who sporadically tied strings 
to one another and stopped the machine on a bell signal. Yet in 
practice the machines were used quite differently. In most spinning 
mills, the skilled spinners kept their jobs, because they had to be 
able to intervene in the machine’s operating process given that knots 
could form and the thread could get tangled up in the machine; they 
were also responsible for the careful treatment and maintenance of 
the machines and, moreover, acted as subcontractors who each hired, 
instructed and supervised two apprentice spinners. Performing these 
functions made them indispensable to the factories.44 
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While residing in Brussels, Marx also read On the Economy of 
Machinery and Manufactures by Charles Babbage, published in 1832, 
which he used excerpts from at the time and would return to at a 
later point.45 Babbage, a London-based mathematician and astrono-
mer, is famously known for having constructed a calculating machine 
regarded as a precursor to the computer, but also – in allusion to 
Adam Smith and his famous example of pins – for having studied 
the productivity advantages of an operational division of labour: the 
division of a production process into various suboperations, which 
allowed for workers to be paid less and develop highly specialised 
skills. In this study, Babbage continually spoke of tools and machines, 
considering traditional and modern forms of production simulta-
neously, and was also interested in the improvement of tools.46 As 
shown by Raphael Samuel, these changes in the labour process of 
nineteenth-century capitalist practice were very significant. Marx, 
however, made reference to Babbage in Capital only in Chapter 14, 
which deals with the division of labour and manufacture, asserting 
that he may be ‘superior in mathematics and mechanics’ to Ure, but 
that he ‘treated large-scale industry from the standpoint of manufac-
ture alone’.47 In his analysis of the factory system, Marx did not take 
up the reflections on the changes in the organisation of labour but 
simply assumed the replacement of tools by machines. 

In London in 1851, Marx engaged with the writings of German 
technologists (which at the time was the term used for researchers 
who documented the history of technologies), especially the History 
of Technology by Johann Heinrich Poppe, which was published from 
1807 to 1811. Through reference to such works, he sought above 
all to systematise technical developments. In said works, technical 
development was regarded as a continuous process of steady evo-
lution driven forward by (preferably German) inventors, leading 
to premium products; one significant flaw, however, is that they 
commonly failed to mention which of the introduced innovations 
was actually in use.48 

Another important source that Marx referenced extensively in 
Capital were reports by factory inspectors. They pertained to the 
industries in which certain laws concerning working hours and the 
employment of women and children were applicable, which was ini-
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tially the case only in the textile industry before being extended to 
several other industries from 1867 onwards. In his Economic Manu-
script of 1861–63, Marx lists page after page of figures and numbers 
on factories and weaving looms as well as on the children, women 
and men employed in factories producing wool, cotton, worsted yarn, 
flax and burlap in England, Ireland and Scotland.49 In the chapter 
in Capital on the ‘working day’, he does indeed also describe indus-
tries in which no regulations were in place, and provides dramatic 
descriptions of the labour carried out by children and adolescents 
as well as the miserable conditions to which they were exposed in 
the potteries, match factories, wallpaper factories, bakeries and mil-
lineries.50 Yet he ignored typically male-dominated industries, such 
as mining and construction, shipbuilding and mechanical engineer-
ing, as well as structural and civil engineering, just as much as the 
common labour in backyard workshops and the cottage industry. His 
specific set of references therefore contributed to his overestimation 
of the spread of ‘modern’ industrial operations and their advanced 
mechanisation, as well as to his neglect of all craft-like areas or new 
industries in which tool-based labour dominated.

marx: a machine fetishist?

Although Marx did study the catastrophic conditions in the textile 
industry particularly thoroughly, his interest was by no means 
confined to it. In his Economic Manuscript of 1861–63 he examined 
mills, crushing and hammer mills, the production of steel springs, 
paper and envelopes, and the casting of type letters.51 In Capital, he 
establishes that, apart from the actual new industries, there were 
expanding industries and trades related to the construction of canals, 
docks, tunnels and bridges. He goes on to mention the establish-
ment of gas works, telegraphy and railways. Furthermore, he was 
quite aware that the ‘servant class’, i.e. the number of handmaids, 
lackeys and maidservants, increased significantly during his day and 
age (in London, employing a maidservant was quite common, even 
for the Marx family – theirs was the legendary Helena Demuth, or 
‘Lenchen’). These ‘servants’ constituted a far larger group than the 
workers in the textile industry. Finally, Marx notes that a ‘modern 
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domestic industry’ had emerged, for example, in lace-making and 
straw-plaiting, as well as a ‘modern manufacture’, which employed 
women, adolescents and children in particular, such as in ‘brass 
foundries, button factories, enamelling, galvanizing and lacquering 
works’, bookbinderies and brickyards.52 But none of this seemed to 
change his view that all of these represented mere transitional phe-
nomena on the path to large-scale industry.

And yet we find comments in Marx that point in a different direc-
tion. There was, after all, no one who knew better than he that capital 
was ultimately not simply interested in the most cutting-edge tech-
nology and the highest possible level of mechanisation, but above all 
in maximum profit, which in part depended on wage costs, which is 
why the limits to mechanisation were determined ‘by the difference 
between the value of the machine and the value of the labour-power 
replaced by it’: 

Hence the invention nowadays in England of machines that are 
employed only in North America; just as in the sixteenth and sev-
enteenth centuries machines were invented in Germany for use 
exclusively in Holland, and just as many French inventions of 
the eighteenth century were exploited only in England […] The 
Yankees have invented a stone-breaking machine. The English do 
not make use of it because the ‘wretch’ who does this work gets 
paid for such a small portion of his labour that machinery would 
increase the cost of production to the capitalist.53 

Marx the theoretician emphasised that the main interest of capital – 
be it with the use of machinery or without – was the valorisation of 
capital, while Marx the polemicist often tended to demonise mech-
anisation as a descent into hell. This also applies to his remark that 
labour forces would inevitably be deskilled and degraded.

As Donald McKenzie emphasises, Marx has often been interpreted 
as implying that the destruction of skills and qualifications repre-
sented an entrepreneurial objective in its own right, yet since the 
nineteenth century there has been evidence that skill as such is by 
no means necessarily an obstacle to the valorisation of capital with 
regard to quality products, sophisticated manufacturing processes 
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or the flexibilisation of production.54 Marx was apparently aware of 
this as well. Although he did assert that the traditional duration of 
apprenticeships had been abandoned by large-scale industry, he also 
noted the following: 

Modern industry never views or treats the existing form of a 
production process as the definitive one […] But if, at present, vari-
ation of labour imposes itself after the manner of an overpowering 
natural law, and with the blindly destructive action of a natural law 
that meets with obstacles everywhere, large-scale industry, through 
its very catastrophes, makes the recognition of variation of labour 
and hence of the fitness of the worker for the maximum number of 
different kinds of labour into a question of life and death […] the 
partially developed individual, who is merely the bearer of one spe-
cialized social function, must be replaced by the totally developed 
individual, for whom the different social functions are different 
modes of activity he takes up in turn.55 

He saw the beginnings of this ‘totally developed individual’ not only 
after the overcoming of capitalism, but even in the present, as poly-
technical or agronomic schools, or écoles d’enseignement professionnel, 
i.e. vocational schools for working-class children, were set up.56 

Marx’s hints that the mechanisation of production does not neces-
sarily have to occur everywhere and evenly, and that capital itself may 
have an interest in skilled labour forces, ought to be incorporated 
and refined in today’s diagnoses of allegedly relentless automation. 
Similarly, we should keep in mind the findings of Raphael Samuel 
concerning the nineteenth century, which also posit relevant consid-
erations for current debates. 

Rationalisation may also occur through other forms than the mere 
use of machines – such as through new versions of Taylorist concepts 
(as in the warehouse labour occurring in mail-order companies), 
but also via other forms of labour organisation such as teamwork 
(in the automotive industry), performance-based remuneration (as 
in investment banking) or project-based contracting (as in software 
development).
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Machines do not always work as promised – the number of failed 
innovations is abundant, although the public may not be quite 
as aware of this as they are of the ‘new generation’ of countless IT 
products. For years, the Standish Group has published figures accord-
ing to which some 70 per cent of all IT projects fail. These numbers 
are often deemed dubious and exaggerated, and yet recent years have 
seen a whole series of spectacular failures in (among others) the intro-
duction of SAP projects, which saw several companies lose millions; 
in Germany this includes the Otto corporation, Deutsche Bank and 
Deutsche Post, along with the supermarket chains Edeka and Lidl.57 

Given the objective of financialisation, companies often shy 
away from costly investment in their machine equipment, prefer-
ring instead to invest their money in the takeover of other firms or 
on financial markets. The Mannheim-based Leibnitz Institute for 
European Economic Research (ZEW) has monitored the innovation 
activities of German companies for years and recently found that the 
innovator rate, i.e. the ratio of those firms who implement innova-
tions, decreased from 60 per cent in 1992 to 36 per cent by 2015.58 

Hence, what remains true is that, in contrast to what we are 
presented with in the glossy brochures and imagery of business asso-
ciations, it is not always cutting-edge machinery that characterises 
the economy and labour under capitalism, but strategies of profit 
maximisation, designed to make flexible use of the opportunities on 
the markets for the means of production and labour.
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4
A Long History of the  

‘Factory without People’
Visions of automation and technological  

change in the twentieth century1

Karsten Uhl

The ongoing debate concerning the digitalisation of work is being 
defined to a great extent, at least in the German-speaking world, by 
the term ‘Fourth Industrial Revolution’.2 The synonymously used 
‘Industry 4.0’ already reveals the essence of the phrase: the notion 
of a linear development. On the one hand, the most recent digital 
developments in industry are being embedded in a long history of 
industrialisation which began in late eighteenth-century England; on 
the other hand, the fourth stage, just as the preceding three, is said 
to mark the advent of a new quality, a sea change in the industrial 
system.

In the context of this debate – mainly among social scientists and 
engineers – the underlying stage model of the Industrial Revolution 
has been criticised for ultimately reducing the changes, in the sense 
of technological determinism, to new propulsion and manufacturing 
technologies while failing to take into account the respective forms 
of work organisation.3 Like the processes of change in the past, the 
current changes are not determined by the potential requirements of 
new technologies but rather marked by a certain openness. Hence, 
with regard to ongoing developments attributed to the fourth stage of 
the Industrial Revolution, there are various scenarios concerning the 
changes in skill requirements. It is generally conceivable, firstly, that 
digital technology is used as a tool in the labour process, resulting 
in skilled workers remaining important. A second scenario proceeds 
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from the assumption of an all-encompassing automation and a corre-
sponding process of deskilling. A third possibility being discussed is 
a development in which human beings and machines work together 
essentially as partners in the production process, which would 
engender new skill profiles altogether.4 

The question is frequently raised as to whether we are really wit-
nessing a new development. In this sense, certain parallels can be 
drawn with the debates of the 1980s – although at the time the issue 
was not discussed under the term digitalisation, but as computer-inte-
grated manufacturing (CIM) – or even those of the 1950s and 1960s, 
when automation and its social consequences were for the first time 
publicly addressed.5 One of the most high-profile participants in 
the current discussion, the sociologist Hartmut Hirsch-Kreinsen, 
emphasises, all scepticism about potential exaggerations aside, that 
there are certain indications of a surge in technological development 
today. According to Hirsch-Kreinsen, the level of digital development 
has reached a point where applications are taking on a new quality, 
although ‘diverging development perspectives of digitalised work’ are 
becoming apparent and any hasty inference of a general cross-indus-
trial trend should be avoided.6 

What the discipline of history can contribute to this question 
concerning the relationship between continuity and change is the 
positioning of certain developments within long-term histori-
cal processes. First, it is crucial to find out which exact concepts of 
industrial labour automation dominated in the twentieth century. It 
is also relevant to explore the extent to which utopian hopes or dys-
topian concerns were associated with new technologies and which 
new visions of automation emerged over the century. The historian 
of technology Martina Heßler has demonstrated that, since the mid-
1950s, the automation discourse has been marked by a surprising 
continuity of consistent arguments. The debate was nonetheless char-
acterised by a certain range of views and generally moved between 
two extremes: on one side, automation was linked to the notion of 
removing human beings (as the source of errors) from the produc-
tion process. This was often associated with the liberation of humans 
from monotonous tasks. On the other side, there was the fear of tech-
nology-induced unemployment and, ultimately, the ‘expendability of 
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human beings in the labour process’.7 Even though the fear of unem-
ployment consistently dominated the debate, the notion of a limited 
automation, which incorporated human skills rather than replacing 
them, became increasingly influential from the 1980s onwards.8 

This chapter will seek to look even further into the past, namely 
to the beginning of the twentieth century. The different political 
systems in twentieth-century Germany indeed reveal visions of auto-
mation which generally confirm Heßler’s findings. Yet the sources 
also suggest that we are dealing with a much older debate which set 
in long before the postwar era. The current argument surrounding a 
supposed Fourth Industrial Revolution is mistaken in inferring any 
new quality, at least with regard to the hopes and fears associated 
with the automation of production: most of it is in fact old wine in 
new bottles. A glimpse at the printing industry of the 1960s and ’70s, 
moreover, shows that even the more specific topic of computerisa-
tion has for decades been linked to the hopes and fears we also find 
dominating the current debate about the alleged Fourth Industrial 
Revolution.

early visions of automation

The prospect of a fully automated factory took shape before the twen-
tieth century. The early factory experts of the nineteenth century 
– that is, the contemporaries of the first stage of the Industrial Revo-
lution according to the four-stage model – already shared this vision. 
In his influential 1835 treatment of the textile factories of his time, 
the natural scientist Andrew Ure painted a picture of a near future 
in which the automated organisation of factory labour would gradu-
ally make skilled labour redundant. In this automated factory of the 
future, skilled workers would be replaced by workers who merely 
minded the machines.9 Karl Marx likewise followed this vision in 
the first volume of Capital fifty years later, remaining quite close to 
Ure’s description and vision of the factory more generally, contradict-
ing only Ure’s political assessment. Just like Ure, whom he mockingly 
referred to as ‘the Pindar of the automatic factory’, Marx himself 
expected an ‘automatic system of machinery’ in the not-too-distant 
future, which would largely do without human labour and require 
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‘only supplementary assistance from the worker’.10 What mattered to 
Marx was the question of whether ‘machinery [rests] in the hands 
of capital’: for then ‘the same worker receives a greater quantity of 
machinery to supervise or operate’.11 

In the early twentieth century, the methods of increasing effi-
ciency associated with the American engineer Frederick Winslow 
Taylor raised the expectation that such ‘rationalisation’ denoted an 
increasingly self-dynamising process of optimisation in the organ-
isation of work. The image of an automated factory played into 
this as well, although to Taylor the physical labour of the worker 
remained central. In this specific anticipation of automation, the oth-
erwise quite distinct hopes of Taylor’s followers and the fears of his 
opponents converged. In 1913, an article in the French trade union 
newspaper La Vie Ouvrière painted a picture of skilled workers who 
were transformed into ‘submissive automatons’, or ‘arms without 
brains’, by rationalisation measures.12 Taylor’s German translator, 
the Aachen-based engineer and professor Adolf Wallichs, in a pre-
sentation delivered during the war in 1917, concurred with such an 
assessment only with respect to looming automation. Yet Wallichs 
associated this technological vision with the hope for an ‘elimina-
tion of monotony’: the ‘particularly monotonous tasks’ could soon be 
‘taken over by the machine in what is called self-acting operations’.13 

The interwar period in Germany was marked more by debates sur-
rounding automation than by actual change.14 The discussion about 
the future of work continued to move between the familiar extremes: 
fear of the redundancy of human beings on one side, and the hope of 
liberation through technological progress on the other. The scenario 
of fear was additionally reinforced by the world of entertainment: 
at the end of the 1920s, supposed robots, as simulations of artifi-
cial humans, were widely displayed in major exhibitions across the 
western world.15 An article in the German trade union newspaper 
Metallarbeiter-Zeitung in 1929 voiced the concern that such devel-
opments would soon find their way into industrial processes. In that 
case, all rationalisation measures seen up to then would have been 
no more than the beginning of an ‘even farther-reaching revolu-
tion in production and distribution’. The author expected that such 
‘machine-humans’ would soon be found ‘in a considerable number 
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of trades, tasks and services’, making mass unemployment a perma-
nent feature of society.16 The other stance, the belief in progress, is 
exemplified in a 1930 publication by the bestselling popular science 
author Hanns Günther about ‘automatons’: in his view, technological 
progress was already on the brink of engendering the ‘self-condi-
tioned automaton’ which would relieve humans of the most difficult 
tasks and thus become the ‘liberator’ of humankind.17 The fear of 
technology-induced unemployment, according to Günther, had 
been fuelled ever since the seventeenth century by the enemies of 
progress; and yet it was unfounded as long as technology was used in 
the correct political way, i.e. in pursuit of the common good.18

the ‘factory without people’

Following the Second World War, the debates around automation 
intensified; firstly due to technological developments in industry, 
and, secondly, because of the impact of cybernetics. An article by 
Canadian physicists John Brown and Eric Leaver, published under 
the title ‘Machines Without Man’ in a consumer publication in 1946, 
is generally seen as marking the beginning of the discussion on the 
factory without people. The two physicists’ approach proceeded from 
a certain unease with the developments in industrial rationalisation 
up to then. In their view, the degradation of the worker, i.e. their 
having to perform unskilled tasks, could only be prevented through 
comprehensive automation because only in that scenario would 
highly skilled staff be required. This new automated industrial order 
would thus entail a push towards a more highly skilled labour force. 
At the same time, a shorter working week would become possible and 
indeed – due to the technologically induced redundancy of labour 
forces – necessary. In this vision, the automated work-centred society 
of the future was characterised by an increase in leisure time.19 

This conception of the future of industry was by no means con-
fined to liberal North America. A surprisingly similar, albeit less 
scientifically substantiated, image of looming automation was 
presented by an article titled ‘Factories without People’ (‘Menschen-
leere Fabriken’) published in the official paper of the Nazi Party, 
Völkischer Beobachter, in 1944. It was authored by Helmut Stein, 
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engineer and plant manager at the Cologne-based engine manufac-
turer Klöckner-Humboldt-Deutz. His starting point was the same 
as the one adopted by the Canadian physicists two years later: Stein 
generally favoured rationalisation, but believed the current level of 
mechanisation, shaped by mass production, entailed the ‘danger’ of a 
‘degeneration of work’. The two visions were also similar in terms of 
their proposed solution: for one, Stein also called for more ‘distrac-
tion and relaxation’ in workers’ free time as compensation, although 
this took on a markedly National Socialist tone, as the article explic-
itly intended one’s after-work free time to be devoted to the Nazi 
organisation ‘Strength through Joy’ (Kraft durch Freude). At the 
same time, Stein also proposed resolving the technology-induced 
problem through further mechanisation: only ‘full automation’ could 
lead to the ‘liberation of humans from monotonous and soulless 
work as such’. This concept sought, paradoxically, to salvage skilled 
labour: although all of the new tasks would ‘be simple and require 
less training time’, workers could (in terms of consciousness and 
self-validation) consider themselves to be the ‘master of the machine 
forces’, thereby experiencing ‘spiritual satisfaction’. In this sense, they 
would remain ‘skilled workers’ and continue to sit enthroned, ‘regu-
lating and supervising’, above the machine world. This vision of the 
‘factory of the future – the factory without people’ was based on the 
expectation that this future would become reality very soon: that its 
realisation was imminent.20

The reduction of the problem to the inanimation of industrial 
labour and the supposed solution of a ‘spiritual satisfaction’ was 
not specific to National Socialism: the influential American archi-
tect Moritz Kahn emphasised as early as 1917 that the factory of 
the future would indeed be efficient, but by no means inanimate or 
soulless.21 During the Weimar era this topic was addressed – needless 
to say, with very distinct political objectives – by both the political left 
and right.22 

After 1945, the discussion on the factory without people contin-
ued in both East and West Germany; in both the capitalist West and 
the communist East it was claimed (albeit with differing emphasis) 
that the imminently anticipated technological change would initiate 
revolutionising transformations.23 The debate turned particularly 
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euphoric between the mid-1950s and early 1970s.24 In West Germany, 
the discussion among experts was quite differentiated: during this 
period, engineers expected the onset of full automation, i.e. factories 
without people, only in large-scale mass-producing factories, while 
the target set for small and medium-sized enterprises was partial 
automation.25 The West German trade unions, too, were prominent 
participants in the debate surrounding automation early on. Trade 
union actors consistently considered both sides during this debate: 
on the one hand, there was the fear of unemployment; on the other, 
the hopes associated with the social and political effects of technolog-
ical progress which the labour movement had harboured ever since 
its inception.26

In East Germany it was emphasised that fully automated facto-
ries could be both a promise and a threat, depending on the state 
of production conditions. Correspondingly, in 1960, the popular 
non-fiction book for young readers, Unsere Welt von morgen (‘Our 
World of Tomorrow’), which was widely distributed mainly as a gift 
on the occasion of the Jugendweihe, a coming of age ceremony,27 
stated that automation in capitalism signified above all the danger 
of unemployment, while in socialism it would lead to the upskill-
ing of workers because it would require significantly more and new 
knowledge about the production process.28 What seemed clear, at 
any rate, was that ‘fully automated factories [would] determine the 
face of future industrial work’. The illustration accompanying this 
vision of the future is almost void of humans; in this draft version 
of the factory ‘of tomorrow’ there are only two people standing in 
the control room.29 It would still be a ‘major step’ to reach this point, 
but reference was made to an experimental automatic factory which 
already existed in the Soviet Union.30 

Even after the wave of automation euphoria receded, the debate by 
no means fell silent. In 1982, in an article titled ‘The Factory without 
People Will Be a Reality in Ten Years’, the Frankfurter Rundschau 
newspaper reported on a study conducted by a market research insti-
tute which considered the technological preconditions for the factory 
without people, or at least the ‘factory with hardly any humans’, as 
given. It was expected that by 1990 half of all industrial assembly pro-
cesses in West Germany would be automated. This referred not to the 
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familiar robotic arms which had long been implemented for welding 
and similar tasks in the automotive industry, but to unspecified new 
flexible ‘systems’.31

the computerisation of the printing industry

At first glance, these expectations by all means seem to corroborate 
the diagnosis made by the engineering scientist Brödner, according 
to which the ‘cyber-physical systems’ of the early twenty-first century 
must be understood as a mere continuation of the digital process 
control of the 1970s.32 In terms of technology and work organisation, 
this assessment remains controversial, as mentioned earlier. There is 
some indication that the systemic character of current industrial dig-
italisation may entail a shift in the organisation of the labour process. 
That said, the discursive continuity is remarkable: notions of a factory 
without people and innovative digital systems have dominated the 
debate for decades. 

One industry that was confronted with the more concrete advent 
of computer technology early on was the printing industry. During 
the second half of the 1970s, the first print shops in West Germany 
switched to computerised phototypesetting, and in 1978 there were 
fierce contract negotiations around the new ‘computerised text 
systems’.33 During a labour conflict in March of 1978, the printing 
union (Industriegewerkschaft Druck und Papier, or IG DruPa) pre-
vented the production of many daily newspapers, while the union 
itself published so-called strike or emergency papers during the 
dispute. On 6 March one of these ‘emergency papers’ (Notzeitung) 
wrote about an incident that took place on the street during a strike 
rally in Wuppertal. Any potentially fictitious editorial amend-
ments to this depiction aside, the passage certainly testifies to the 
future expectations of the striking workers: a worker from a different 
industry, a patternmaker, quite bewildered, asked the picketer from 
the IG DruPa why on earth the striking workers were opposed to this 
new technology. The picketer, a shop steward with the union, replied 
to the sceptical joiner:
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‘Imagine there is an order for a new workpiece, and your employer 
also has these cheeky computerised systems. Then all you do is take 
the wood, the glue and the drawing of the model and enter that 
into the computer, which then produces the finished piece. Also, 
you won’t be needed any longer to press the button for the machine 
to start, that’ll be done by someone else. How do you like that?’

According to the report, the joiner was quite shocked, responding, 
‘Oh, my God, that can’t be true’, and donating five Deutschmarks to 
the strike fund.34 

This account underscores the differences in perception regard-
ing the computerisation of the printing industry: while large parts of 
the population merely assumed another stage of manageable ratio-
nalisation, the striking typesetters and printers expected a process 
of comprehensive technological transformation. If we transfer this 
scenario to the trade of the joiner, it would not only be that of a 
gradual technological development – the rejection of which could 
be substantiated only with great difficulty given the tradition of the 
German labour movement – but indeed a new quality, threatening 
to change the world of work entirely. From a modern-day perspec-
tive, the picketer essentially sketched out the reality of a 3D printer ex 
ante; albeit a 3D printer which, in contrast to the existing models cur-
rently available, would be suitable for broad industrial use. 

Ever since the 1960s, there had been a widespread awareness within 
the industry of the automation process already underway as well as 
its related far-reaching implications. A starting point for this aware-
ness and the corresponding debates were remarks by John Diebold, 
an influential American expert on automation, who asserted in 1963 
that the printing industry would be more profoundly affected by 
technological changes than any other industry over the following 
decade, and that those in charge were not even aware of this.35 Die-
bold’s hypotheses quickly reached the German craft union as well: 
while Richard Burkhardt, the printing union’s expert on technical 
matters, had still assumed in the late 1950s that the pace of auto-
mation was generally being exaggerated and that typesetting would 
remain a haven of skilled human labour for years to come,36 he cor-
rected his position by 1964 in explicit reference to Diebold. In fact, it 
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did not stop there: not only did he anticipate the computerisation of 
typesetting, but he expected the end of the print age as such – albeit 
not in the manner that eventually became manifest in the twenty-first 
century, but rather in the sense that ‘a TV will print a newspaper 
electrostatically’.37

Both the computer experts in the printing industry, who convened in 
London for the very first ‘Computer Typesetting Conference’ in 1965, 
and the trade unions nevertheless largely agreed on the presumed 
impact on the workforce: the fear of a comprehensive replacement of 
human workers was unfounded. In their view, there would only be 
partial automation; human skills would always be needed to a certain 
extent.38 Correspondingly, the union’s strategy was maintained 
despite the change in its expectations for the future: in the 1970s, 
the assumption that skilled labour would be required even after the 
implementation of computerisation was still dominant.39 During the 
industrial dispute of 1978, the trade union regarded the new technol-
ogy itself as ‘neutral’. In this sense, its task was to influence the social 
design of new technologies.40 It was not until they were confronted 
with the ‘cheeky computerised systems’ that some workers in early 
computerised print shops felt compelled to reject the new technology 
or even developed Luddite fantasies. One worker, who attended the 
specialised trade fair ‘Drupa’ with several of his colleagues to inform 
visitors about the anticipated dreadful consequences of computeri-
sation, pointed out that he would ‘gladly like to grab and smash up’ 
these machines ‘because they are taking away my job’.41 

The introduction of the new technology did in fact entail a decisive 
caesura for the industry, although the changes did not occur abruptly 
in every respect. On the one hand, the widespread introduction of 
computer typesetting caused the traditional trade of the typesetter 
to disappear. On the other hand, a specific provision in the labour 
contract of 1978, which was valid for eight years and concerned the 
introduction and application of computer-aided text systems, served 
to slow down the typesetters’ replacement as it stipulated that they 
should remain employed even after the introduction of technological 
innovations. Furthermore, many of the countless small print shops 
based on manual labour maintained the same modus operandi well 
into the 1980s. Total employment in the printing industry in West 
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Germany between 1976 and 2000 in fact remained remarkably stable, 
hovering around 225,000: the reduction of the number of typeset-
ters was offset by an increasing number of unskilled workers in 
the continuously growing sector. Despite this loss in skilled labour, 
the picture of deskilling through computerisation deserves a more 
nuanced assessment. Firstly, because a set of specialised tasks was 
preserved and, secondly, because a number of new skill profiles were 
introduced after the profound changes of the 1980s.42 

One consequence of the computerisation shock in the printing 
industry was that trade union predictions now significantly exceeded 
the actual pace of technological change, overestimating the speed 
of imminent automation. In this vein, an internal paper by the 
printing union invoked allegedly ‘unlimited rationalisation possibil-
ities’. Against the backdrop of computer-based voice recognition and 
the associated redundancy of manual text entry, which at the time 
was expected in the near future, even the more recent technological 
changes appeared ‘negligible’.43

conclusion

The prospect of industrial automation so extensive that it will lead 
to factories without people in the immediate future is not unique to 
the early twenty-first century. Rather, it has accompanied all stages of 
industrialisation ever since the Industrial Revolution in the late eigh-
teenth century. The anticipation of automation generally spanned 
the different ideological camps, although it was of course linked to 
varying social and political visions. One recurring feature through-
out all the distinct political systems of the twentieth century, however, 
was the belief that technological progress – manifested through auto-
mation – could be shaped socially.

This form of mental continuity was also apparent during the com-
puterisation of the printing industry that occurred around 1980 
– albeit with some initial cracks emerging, particularly at the grass-
roots level. The new technologies could not be seamlessly integrated 
into a history of linear change. The computerisation of typeset-
ting quite obviously caused a rupture in the history of the printing 
industry, especially from the perspective of skilled workers. Further-
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more, the entire chronology of a four-stage industrialisation process 
seems questionable, given that the alleged fourth stage in this industry 
occurred during a period still associated with the third.

What can be established more generally, then, is that the tech-
nological change induced by the digitalisation of industrial labour 
has not been embedded in a new narrative of automation thus far. 
Instead, the traditional narrative, which during the twentieth century 
was already oscillating between distinct extremes and comprised 
both the hope of liberation from monotony and the fear of human 
beings being replaced, persists to this day. Current indications that 
technological transformation may be taking on a new quality in the 
present, as well as signs of associated political challenges with regard 
to the shaping of skill profiles, thus remain to be confirmed. Pro-
ceeding from Fernand Braudel, a number of distinct temporal levels 
of automation can be identified: on the one hand, major changes at 
the technological level and, related to this, at the social level; on the 
other hand, a continuity in terms of mentality (longue durée),44 that 
is to say, concerning the perception and classification of computer-
isation. In order to do justice to any new quality of technology in 
the present, the automation debate should not merely continue on 
its well-trodden paths, but must take into account the specific chal-
lenge of hybrid human–machine labour relations as well. Here, the 
starting point could be the same as it was for those approaches whose 
gradual emergence Heßler already ascertained for the automation 
debate of the 1980s: whenever the limitations of automation became 
obvious, the significance of human skills also came into view again 
more strongly.45 It therefore appears that a contemporary automa-
tion narrative would more adequately account for the challenges of 
digitalisation if it abandoned the old narrative of the replacement of 
humans. Instead, the focus should be on the specific forms that a 
combination of technology and human beings in the organisation of 
work may take, including the potential social consequences.
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5
The Journey of the ‘Automation  

and Qualification’ Project 
Frigga Haug

The ‘Automation and Qualification’ research project (PAQ) was 
launched at the (independent) Institute of Psychology at the Free Uni-
versity of Berlin in 1972 and lasted for 16 years, despite the scattered 
locations of the research group’s members. The first volume compiled 
by the PAQ, Automation in der BRD (‘Automation in West Germany’) 
was published in 1975, and the last, Politik um die Arbeit (‘Politics 
around Work’), in 1988. The project group had set itself the goal of 
devising an assertive trade union policy from the perspective of wage 
earners that would embrace the opportunities of ongoing technolog-
ical change. It benefited and learned from its historical grounding, 
relied on its own empirical studies and critical theory, and proceeded 
from a critical psychology oriented towards the world of work. Marx’s 
studies on the transition from manufacture to large-scale industry 
served as a model for writing about the development of the produc-
tive forces – not simply as a history of technology, nor to neglect it in 
favour of human subject research, but to proceed in an utmost com-
prehensive manner when engaging with struggles to shape society. 
In our work, we applied the tested methods of theory appropriation 
and empirical procedures through field visits, questionnaires and 
interviews with experts as well as with workers and employers in fac-
tories in the countryside, at fairs and international daily newspapers, 
and were oriented, pursuing our own method, towards working with 
contradictions and inconsistencies in both our questions and assess-
ments as sources of new insights.

There are a number of reasons why the journey of this research 
group should be retraced today: the collective approach to research; 
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the courage to continue working in the face of resistance; the methods 
of seeking out what is to be preserved while simultaneously treading 
new pathways; grasping contradictions as a driving force for under-
standing, intervention and change; the inclusion of dimensions of 
gender relations and culture in the evolving research in industrial 
sociology; the necessity to doubt ourselves through the questions 
of the present while always proceeding from the relation between 
humans and their natural environment, thereby pursuing a critique 
from an emancipatory perspective. We never followed any kind of 
master plan. Rather, the questions forced themselves upon us during 
the research process, which itself was a learning curve in terms of 
methodology and guiding theory. From the outset, this process con-
sisted of us feeling our way forward; it was an experiment in a densely 
populated, dynamic and embattled field of reality. One should not 
imagine a large-scale study, only feasible when conducted by a col-
lective and in the context of a large research institution, where the 
required tools are available in a neatly arranged and well-preserved 
form: you simply dash into the library and select the appropriate 
books, which you are already familiar with, and set to work. Ours was 
not commissioned, well-resourced, bespoke research. Our reality was 
entirely different: it was full of idealism and carried by the unques-
tioned assumption that science must serve humanity and that we, who 
had studied Marx in the context of the student movement, wanted to 
make use of our acquired knowledge on behalf of working people. 

The urgent questions demanding answers are clearly audible in 
our current society that is changing so rapidly but at the same time 
does not yet embody these changes as a whole. It seems inciden-
tal as to which of these questions one chooses to tackle first. In our 
case, it was the major education reform programme of the 1970s, 
which inundated the nation with reports of a continuous and calam-
itous shortage of teachers, followed by horror stories about a lack of 
schools and universities and outdated curricula, and a subsequent 
major – and veritably hectic – campaign to build new universities, 
including a host of newly created professorial posts, the correspond-
ing allocation of funds, and, in our case, the establishment of the 
discipline of educational economics with a post I was appointed to 
at the newly established Institute of Critical Psychology. It was the 
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result of the government’s attempt to channel the awakening of the 
1968 movement in a way that would isolate the troublemakers from 
mainstream academia, including the provision of funds to give them 
their own institute. 

As a Marxist, I assumed that the sudden demand for education in 
society had to be rooted in changes in the world of work or, more 
precisely, in the development of the productive forces. I had been 
assigned a student tutor and, together with him, identified inter-
ested and potential new members of the institute in order to set up 
a research group which would investigate and prove precisely this 
link between a socially recognised and necessary qualification of the 
labour forces and the processes of automation, and to do so, from day 
one, with the unequivocal intention of serving as advisors for a trade 
union policy concerning automation.

In developing our research, we chose to embark on a critical 
approach based around doubt: we challenged what everybody 
thought or assumed they knew. This entailed constantly pursuing a 
path that went beyond the respective mainstream, including that of 
the left. The best way to learn a lesson from our particular path of 
research – to build on it and to avoid mistakes – is to reconstruct the 
multifaceted battles that took place.

the group – reading – discussing

One advantage of the collective was that we were able to boldly take 
on vast amounts of literature. There were eleven members, which 
meant that familiarising ourselves with 20 new titles, for example, 
would involve each one of us reading and preparing two essays or 
books in a given period of time. At our weekly meetings, we could 
then present and discuss at least one report, for which we had worked 
out a focus grid.

Given that, as Marxists, we were convinced at the time that research 
in the interest of workers was most developed in the GDR (East 
Germany), we started off by studying the advanced research that was 
being conducted there on the development of the productive forces. 
Indeed, the research of that time1 turned out to be a great resource 
and welcome nourishment for our desire for knowledge. However, 
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it dealt exclusively with the past, not the present. We learned, for 
example, from Jürgen Kuczynski2 that automation existed only in the 
socialist countries. Capitalism had long entered a state of decay and 
could no longer develop the productive forces. 

This made it necessary for us to first present evidence of automa-
tion in West Germany. It was here that the path of our research forked 
for the first time: we wrote to the relevant companies in industry and 
administration, asking about their production equipment – a study 
that may have begun in quite a naive manner, but which nevertheless 
laid the foundation for the subsequent empirical study of 67 compa-
nies in which we pursued an investigation of the concrete changes in 
the forms of work, that is, in the actual tasks people were performing. 
This was one of the paths which led us to publish the comprehensive 
study Automation in der BRD (‘Automation in the Federal Republic 
of Germany’) in 1975, with an initial circulation of 3,000 copies (and 
two subsequent editions with 2,000 copies each in 1976 and 1979). 
The aim of the volume was to identify relevant driving forces and 
development tendencies in order to predict the further development 
of automation. We included a register and an index, and, referenc-
ing the most diverse sources, meticulously indicated the current state 
of play in all the different industries, as well as the invested capital, 
turnover, the workforce and the changes it was undergoing (or had 
undergone), the new professions and, of course, the specific ways in 
which automation had been introduced.

In order to do so, we had to study the genesis of automation as 
a result of the government-commissioned arms industry, the full 
implementation during the war, all the way to nuclear energy, a 
research path which brought us closer to the violence underlying 
the driving forces of this development, even though none of this 
appeared to be directly linked to the education reform. The book not 
only represented a justification for our research, but was in fact useful 
and earned us recognition as an ‘Interdisciplinary Project at the Insti-
tute of Psychology at the Free University of Berlin’. These were not 
merely words and titles, but actually helped us obtain the resources 
that allowed us to travel for our research and, inside the university 
context, the entitlement to adequate funding, offices and an addi-
tional tutor position.
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On the other hand, we had to familiarise ourselves with the disci-
pline of educational economics. In line with our assumption that the 
government’s educational reform was linked to the changes in the 
world of work, it seemed only natural to ask employers about their 
assessments and common practices. This path also proved produc-
tive. It contributed considerably to ascertaining our knowledge, for 
it showed that the employers, who had long launched their own edu-
cational reform – Siemens, for example, even went as far as to found 
its own university – were very informative, supplying us with a vast 
range of material. We wrote a lengthy article, ‘Bildungsreform vom 
Standpunkt des Kapitals’ (‘Educational Reform from the Perspec-
tive of Capital’),3 and not only publicised our findings in lectures, but 
also unveiled them to our own faculty during a major event, through 
which we gained additional staff and further acceptance. The path 
became broader, better paved and longer, expanded in time and soon 
forced us to study the many other theoretical schools which occupied 
the field.

the anthropological and psychological 
grounding of work 

At first, we had to ground our methodological toolkit historically. 
In order to grasp the changes in work tasks caused by automation, 
we required more than just a questionnaire and a guideline on how 
our comprehensive empirical study should proceed in the field. And, 
once again, we needed several approaches to the subject: what are the 
criteria on the basis of which one studies and speaks about specific 
tasks or work activities? How can particularities in their execution 
be recognised? What interviews must be conducted, and how are 
such activities to be monitored? Once we have studied the existing 
research and analyses of a specific task execution and work activities, 
we need to decide which aspects we want to focus on – which, in our 
experience, usually differed from those commonly studied by others. 

Engagement with numerous studies in the field of the sociology of 
work – some of which were contradictory or unable to even justify 
why they had raised a question in the manner they had – led us to 
begin, with almost carefree rigour, by positing the question in a far 
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more general manner. Given that it was a project in the context of 
critical psychology, we naturally assumed that work, as an engage-
ment with nature for the sake of improving the conditions of life, is 
the very activity which distinguishes humans from other living crea-
tures with which they otherwise have much in common. The question 
as to what changes these activities undergo over the course of auto-
mated production first required an understanding of what exactly is 
human and what constitutes work. This question confronted us with 
the need to expand our knowledge of the development of human 
labour, not only in general terms, but, even more difficult, regard-
ing the question: how does work develop under the conditions of 
exploitation throughout the historical process? 

We had assumed that a history of work already existed and we could 
simply find it in libraries. Quite surprisingly, this turned out to be 
wrong as well. Although there were books with corresponding titles, 
they dealt with the development of machinery and engineering, not 
with that of the work performed by the mass of ordinary people. The 
changes this work underwent as a result of the development towards 
automation constituted the object of our study, which, from an engi-
neering perspective, essentially only becomes interesting from the 
point at which humans are excluded from the process: when the 
work is divided into its basic operative components and handed over 
to the machines. Our work-oriented scientific stance intervenes, so 
to speak, before this handing over takes place; it requires knowl-
edge about the deployment of humans and is interested in the future 
work in automated systems and in the question of what is gained in 
humanness and what is lost. The history of the evolution of work was 
another issue we had to study – at least in its basic features – in order 
to build upon it.4 

The question about the progress of work becomes a question about 
the progress of humanity as such, at least as long as humans perform 
work. Consequently, anthropology becomes an underlying basic dis-
cipline of the science of work, seeing as we always, at least in the 
medium to long term, also speak about what human work actually 
is in an evaluative sense. The aim is to substantiate, in a scientific 
manner, what the objective of truly human life is and to decide what 
must be regarded as non-human. And it does not stop there: the task 
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at hand is about taking the analysis of the animal–human transition 
as a starting point to formulate criteria by which work is no longer 
defined in terms of unaccounted, external, ultimately random ideals, 
and instead making possible, through the analysis of the develop-
ment of work as such, a sober, watertight critique of contemporary 
work. As a result, one relevant – albeit underexamined – aspect 
which determined the study’s questions, in line with the objective 
(i.e. the scientific substantiation), was that of what human labour is 
supposed to be, and thus what the relationship between intellectual 
and physical work ought to look like in the long term.

Our cooperation within the broader critical psychology commu-
nity – which has in fact analysed the driving forces underlying the 
development of work and all of its intermediate stages over millions 
of years since the beginnings of life, starting from the monad5 – 
allowed us to identify historical development stages.6 From this body 
of knowledge we deduced – in terms of guidelines or basic concepts 
for our own project of analysing labour in automated production 
processes in a capitalist society – what the effective inner driving 
forces are, establishing the following criterion of human work: the 
realisation of specific human development potentials entails a certain 
objective, from the perspective of which the forms of work existing 
throughout the long history of humankind develop in sequential 
order. The ultimate objective is the all-round development of human 
potentials; Marx calls this ‘fully developed human beings’, while 
Lucien Sève refers to it as: ‘setting oneself the task of the full psycho-
logical development of all human beings’.7

Our engagement with the history of work, moreover, led us to the 
insight (not least in critical distinction to Marx and Engels) that the 
juxtaposition of physical and intellectual labour, from which most 
analyses in the sociology of work proceeded, is itself an idealistic 
notion. From the perspective of capital, it is applied for the natural-
isation of hierarchy, yet it obstructs the research on the reflection 
of work just as much as the recognition of unpaid work performed 
largely by women. It was therefore – in the truest sense of the word – 
highly impractical for our research. 

In our understanding, the question had to be how individuals 
within the collective gain control of their life circumstances in the 
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production process. Breaking this down for an empirical investigation 
means taking a closer look at the form and practice of cooperation, 
including the relationship between the individual and the collective, 
the individual’s ‘autonomy’ vis-à-vis the others involved in the work 
process. The more tasks are delegated to machines, the more import-
ant the question of determining the end of work and the beginning of 
play, music and art becomes in the investigation of high-tech labour 
processes. Furthermore, it is a matter of workers’ entitlement to par-
ticipate in determining the development of social labour, which takes 
us into the realm of politics. 

Correspondingly, the question of work and its organisation imme-
diately confronts us with that of private ownership of the means of 
production. For example, I was once invited to a conference of the 
Association of German Engineers (VDI) to speak about our research 
on the automated production process. I began my presentation with 
the question: ‘Why not allow workers to take charge of the produc-
tion process?’ The question was intended as a provocation, but just 
as much as a research question, linked to the hope that the gathered 
engineers would be able to envisage the superiority of their knowl-
edge and skills. But one after the other, they stood up and silently 
walked out of the room. I had barely begun my lecture and I was left 
speaking to an audience of two.

a critique of the deskilling thesis

Without critical and careful reflection, we, as the Marxists we were, 
had assumed – not least in order to criticise the assumptions made by 
critical psychology8 – that the development of the productive forces 
bore great opportunities for workers, and that we had to carve these 
opportunities out at all costs in order for workers to be able to truly 
seize them. Correspondingly, we thought, based purely on our own 
belief, that our research proceeded not only from the perspective of 
labour, but indeed represented a necessary support for the work of 
trade unions. In short, we pursued our project both in the sense of a 
subject science, which is how critical psychology conceives of itself, 
and with a clear orientation towards the unions. Indeed, we were also 
invited to trade union conferences to speak about our work. In fact, 
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I do recall some degree of agreement from within these circles. Yet 
the engagement with the research and the theoretical approaches of 
others entailed various surprises and also took us in new directions. 

On the one hand, we found that the trade union field in partic-
ular was under the interpretational sovereignty of Horst Kern and 
Michael Schumann (at the Göttingen based Sociological Research 
Institute, or SOFI), who advocated this central focus: automation 
transforms workers into mere button pushers. Wherever manual skill 
was required, in the future only those tasks would be needed which 
could just as well be executed by a monkey.9 Automation should 
therefore be rejected as far as possible, and its implementation ought 
to be resisted – in a similar way to the Luddites, who started resist-
ing the introduction of machines through destruction and sabotage. 
In short, the trade unions were oriented towards defence. Indeed, this 
line dominated the union mainstream and prevented the pursuit of 
an interventionist automation policy from the perspective of workers 
and their skills in due time. We travelled up and down the country to 
propagate our main counter-argument, which we had condensed into 
a short slogan: automation leads to upskilling. It was a mantra we sang 
at train stations, waiting for the trains to arrive. It was an open con-
frontation that brought us many enemies and little honour, for even 
the Industrial Sociology section of the German Sociological Associa-
tion, of which I was a member, had long been under the hegemony of 
the deskilling thesis, which was subsequently refined into the polari-
sation thesis: a few gain, many lose out. Several years later, there was 
a rehabilitation process in this section, and our works, which we had 
continued tirelessly, were recognised as ground-breaking – albeit 
very late on (with regard to trade union policy, recognition came far 
too late). 

At the same time, we adapted an ever-greater, fascinating host of 
intriguing research which had, unjustly, been largely forgotten. We 
delved into this literature and wrote our third book about it (Theorien 
über Automationsarbeit [‘Theories on Work in Automated Processes’], 
Berlin 1978; the bibliography included seven densely printed pages in 
tiny footnote font). Around this time, we also produced a consider-
able number of articles, one of which dealt with trade union-oriented 
research (‘Thesen über das Verhältnis von Wissenschaft und Gew-
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erkschaftspolitik’ [‘Theses on the Relationship between Science and 
Trade Union Politics’], in Das Argument, No. 112, 1978), as we were 
entirely consumed by our urge to study the development of the pro-
ductive forces on behalf of workers and outline an interventionist 
trade union policy. Our book on the various theories was simulta-
neously an attack on the deskilling thesis, only this time with the 
support of a generation of industrial sociologists who had preceded 
us. We compiled a table which illustrates at a glance how many of 
our predecessors assumed a positive development of upskilling, or 
whose research suggested as much, and how few of them actually 
believed in the prediction of workers becoming mere button pushers. 
Up to then, we had proudly accepted our lonely stance regarding the 
upskilling thesis, yet we were even prouder now that we felt part of a 
larger community.

fieldwork

Finally came the long-prepared, eagerly anticipated and much dreaded 
visit to a factory. We had arranged a discussion and a guided tour led 
by engineers that included the opportunity to speak with the workers 
at the plant. We walked into a large hall; lights were flashing on a 
large control board which covered almost the entire wall. A worker 
was standing in front of the towering apparatus, staring intently at 
what appeared to me to be just a confusion of unintelligible symbols. 
Perhaps I should have taken an introductory course in the technol-
ogy used at this new production facility. I was hoping the others had 
a better grasp on all this, while at the same time reminding myself 
that we were not engineers, nor did we want to become control room 
workers ourselves, but were here to find out more about the work of 
others. With a somewhat diffident researcher’s confidence, I stepped 
forward and asked the worker: ‘So what is it you are doing here?’ 
He immediately responded, muttering: ‘I’m acidifying.’ It was clear 
to me that we did not speak the same language. To my ear, he was 
talking jargon and the gulf between us widened. Of course, that was 
not the end of it, and in fact there were others in our group who did 
understand a great deal more about what was happening. In short, 
we simply wrote down what we were being told, made light conversa-
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tion with the senior managers accompanying us, studied beforehand 
which processes were occurring in each of the visited factories and 
never gave up. Our overview survey aimed at hearing the represen-
tatives of capital as well as the production managers, observing and 
speaking with the workers, and, subsequently, discussing our obser-
vations among ourselves.

We quickly learned that the production managers had a very dif-
ferent understanding of the workers’ tasks than the latter themselves, 
which might have been due to the superiors’ ignorance, the language 
barrier between us and the workers, or our long-prepared and elab-
orate ideas about what requirements automated production systems 
held for workers. As a result, we developed a corresponding method 
which, as the innovation that it was, ought to be preserved for this 
kind of research: the triad of requirements, tasks and operations. By 
requirements, we understood the human practice or input which 
the automated systems needed, while tasks pertained to the way in 
which the employers introduced these requirements into the opera-
tional structure of the company and translated them into tasks for the 
workers. Finally, the operations, which the workers executed, were in 
turn a translation of the tasks demanded of them, potentially with 
a better understanding of the machine equipment, a kind of secret 
knowledge, allowing also for deceit and avoidance or reduction of 
work. Tasks were thus directed not so much at individuals but at the 
collective of workers and their cooperation. 

The breaking down and simultaneous merging of the distinct prac-
tices of both superiors and workers in the outlined triad provided 
a major tension in our study from the outset, which in turn helped 
expand the scope of our research. The analysis of work attitudes, 
according to the methodological guideline, was management-critical, 
contradiction-minded and cooperation-oriented.

For example, we asked employers about their ideal image of a worker 
in their automated factory. This constitutes a short chapter of its own 
in the first of the three books we wrote about the empirical investiga-
tion. It was rather instructive for us, since it was precisely this insight 
that ultimately shifted our subsequent research: the employers indi-
cated that the requirements with regard to skills and attitude which 
they were looking for in workers – and considered essential – were 
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the very same qualities one could find in the skilled workers who 
had been working in the factory thus far. This retrograde utopia in 
fact not only determines Marx’s style of writing in many instances in 
which he examines the development of industry, but also determines 
those studies which interpret the automation process as leading to 
deskilling; moreover, it influences, in a quite surprising way, the 
skilled workers themselves. The latter, whose attitudes and skills, as it 
turned out, were very much wanted, that is, needed, fell into a major 
crisis. They obviously felt threatened by the changes in the work pro-
cesses, which we had readily regarded as opportunities, namely the 
reduction in hard physical labour with a simultaneous increase in 
intellectual demands. This ultimately did not pertain to the pro-
verbial virtues of skilled workers such as conscientiousness, quality 
and responsibility. But the identity of skilled workers also entails a 
kind of physical grounding conceived of and lived in combination 
with masculinity, which is why the inclusion of women in the jobs 
affected by automation changes the familiar gender relations in their 
natural hierarchy between the sexes, a hierarchy potentially extend-
ing unchallenged from industrial labour processes into the private 
home. This contradiction between feeling threatened and the reality 
of being needed shifted our research in several regards. 

Which of the skilled workers’ abilities and attitudes were still of 
any use to the automated systems? After all, the skill requirements 
of these systems were entirely different from those of the workers’ 
previous tasks – i.e. more theoretical and challenging to the general 
intellect. We received one surprising answer to the question of what 
the greatest challenges for the workers in the labour process were: 
they unanimously responded that this was when operations had to be 
‘run by hand’, that is, when the process which ran automatically failed 
to do so and they had to return to the previous development stage of 
the productive forces. This step back not only demanded the (stored) 
knowledge needed in the previous stage of the productive forces, but, 
beyond that, the ability to juggle with both, going back and forth as 
needed, as if they had constructed the machine themselves. It appears 
that the crisis awareness of skilled workers continues to be owing 
largely to the chatter of industrial sociologists, but also to the actual 
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replacement of humans by machines, that is, to the production of 
unemployment on an ever-increasing scale.

At the same time, such discrepancies and contradictions between 
our expectations and the workers’ attitudes forced us to include the 
dimension of work climate and, as in the example given here, the 
culture of skilled workers; it reveals the crisis and opens up a layer of 
labour policy. Automation destroys work collectives and, with them, 
forms of resistance. Rituals and habits such as drinking, oral tradition, 
and male physical strength as an ability determining skilled workers’ 
pride and their self-confidence, are partly destroyed, partly shifted, 
because some of the tasks are replaced by office work and take on a 
rather academic character, including within production itself. While 
we saw the opportunity for skilled work for many workers increas-
ing, we had not taken into account the fact that the old qualifications 
are linked to traditions of consensus and resistance, and that politics 
versus capital and the dissociation from other groups of workers are 
interconnected.

gender relations

We encountered further contradictions, rooted in – at first sight, 
downright insane – perceptions, yet which turned out to be a far 
greater problem during the investigation and entailed a radical shift 
in our own research. As a pre-stage to electronic typesetting in the 
printing industry, there was the introduction of phototypesetting, 
which, according to the industrial sociology of the time, would have 
no future. Phototypesetting prevailed, and the difficult, protracted 
and proud work of these formerly most qualified and progres-
sive, strongly unionised skilled workers was given to women – the 
‘typists’, with their clattering typewriters, who skilled workers were 
used to looking down upon. Subsequently, there was a fierce discus-
sion about whether automated work constituted technical work, and 
thus had to be male labour organised in the corresponding union, or 
female office work, and therefore unskilled work for typists with ‘nat-
urally agile’ fingers. It is a known fact that this reality ended when 
the further development of automation occurred in favour of the 
masculinity of such work. Indeed, the entire further development of 
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these tasks, whereby they are completed by numerically controlled 
machines, and their interlinking into integrated systems right up to 
the new stage of Industry 4.0, involves primarily men. Yet, in this 
report, I would like to return to the introduction of phototypesetting 
and thus to the question of what happened to the affected individ-
uals, that is, the erstwhile typesetters and all the other ‘forces’ who 
were hired in their droves.

Not only was the control room attendant by himself at his work 
station – an experience that necessarily, and strangely, placed the 
question of cooperation on the agenda – but we also met the type-
setter alone in the case room equipped with photocomposition 
machinery. When asked about the changes he had experienced, he 
lamented above all the great feeling of loneliness, the loss of all his 
colleagues. And he did so while being surrounded by women who 
were feeding large quantities of data into the typesetting machine. 
Given that they had what he considered the ‘wrong’ gender, he was 
unable to perceive them as colleagues. Moreover, he denied them the 
very ability which in the history of typesetting had constituted the 
skill and pride of the typesetter, indeed even their intellectuality and 
ability to think in context: the typesetter’s mastery of language. The 
lonely typesetter assumed that all these typing women had no clue 
about what they were doing. The legitimate pride in the typesetting 
profession, working with language and its objectification in writing 
and reproduction for the many, had turned into blind arrogance. 
This misogyny blurred his perception to the point that he essentially 
denied them the status of human beings. A heated argument with the 
chairperson of the print union (which took place via the members’ 
paper) forced us to study the history and development of the union, 
leading to the rather surprising insight that the pride of this left-wing 
trade union was based on the fact that it was a men’s union, and the 
exclusion of women had essentially been a natural given ever since its 
founding days right up to the introduction of phototypesetting. The 
automation of this field of work thus had to be perceived as an utmost 
threat and was responded to with resistance on all levels as a result, 
raising our awareness of the role gender relations play in the deploy-
ment of the developed productive forces in the workplaces. 
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At this point, somewhat in hindsight, we realised that our assump-
tions with regard to the possibilities and opportunities of automation 
rested to a great extent on our ignorance regarding the historical 
forces of the workers’ movement. We had naturally assumed (as had 
Marx) that the reduction of hard labour, brawn and the hazardous 
deployment of human life would be fortunate and an enrichment, not 
least because this would allow women to be welcomed into the pro-
duction process as equal partners. This expectation, which turned 
out to be utterly and entirely mistaken, had led us to overlook very 
visible signs.

For example, there was the introduction of belts that automati-
cally moved the individual pieces for processing. In the factories we 
visited, they were initially not in operation at all because they had 
been dismantled by the workers, who showed us that they were, of 
course, able to lift heavy loads using their own physical strength. This 
group of workers was notorious for having back problems and taking 
early retirement due to disability, leading us to include the question 
of the relationship with one’s own body in the interviews we were 
conducting. Initially, we had not taken into consideration the fact 
that one element that workers – whose ‘strong arm halts all wheels’ – 
took pride in was the fact that women were unable to perform men’s 
work simply because of their physical constitution. Once this is fal-
sified in practice, say, by women moving into these areas of work, 
the men’s self-confidence is fundamentally challenged. The disre-
spect for women, as we learned, with some difficulty, at this point 
of rupture where automation intervenes in the work practice, rep-
resents a dimension in its own right, the flip side of which is the 
alleged female need for protection which belongs to the core of the 
male worker identity as a provider; it forms the foundation of the 
breadwinner’s wage, which must suffice for him and, as Marx put it, 
his ‘replacements, i.e. his children’.10 This sudden dawning at the fault 
line that constituted the revolutionising of the productive forces of 
labour essentially meant we had to start over. Wherever we had gone, 
we had come across peculiar behaviour as well as silence towards and 
an acceptance of untenable situations on the part of both sexes. 

In short, we had to include the cultural dimension of the rela-
tionship, which had evolved over time, to one’s own work and to 
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the other gender. We studied the research conducted by the CCCS 
(Centre for Contemporary Cultural Studies in Birmingham), which 
had – simultaneously to our own research and based on Antonio 
Gramsci – begun studying the potentials for and reality of resistance 
and the practices of acceptance of exploitation, i.e. the tolerance of an 
inhuman division of labour. Subsequently, we launched a new empir-
ical investigation guided by the question of what changes occur in the 
life of workers as a result of automation, the results of which we pub-
lished in the book Zerreissproben (Hamburg 1983) as Volume 4 of the 
empirical studies, our seventh book.

the contradiction logic in the method 

Our experience with the workers in the factories and with ourselves 
in our attempt to understand what we had seen and heard – and that 
which we had failed to comprehend – showed us something that we 
had so far only been aware of on an abstract level: the contradic-
tion between the productive forces and relations of production not 
only substantiates the crisis proneness of the system as a whole, but, 
moreover, constitutes a contradiction in real life, permeating and thor-
oughly rattling the lives of human beings in society – a circumstance 
which the research method itself must take into account. Once again, 
the corresponding clues can be found in Marx, firstly in his depiction 
in Capital of the capitalist production process and its development, 
and, secondly, in his broader perspective more generally. For there is 
no total belief in progress in Marx, as is often insinuated. Instead, his 
entire dialectical thinking is essentially determined by the search for 
the driving forces of development which contradict each other, either 
demanding an alternative of social coexistence or leading to society’s 
downfall. Trapped in its own logic of restless growth, capitalism floats 
from one crisis to the next, the solution to which is always merely 
temporary, simply unscrewing the safety valve only to end up in the 
next, more severe crisis. Throughout history, global society has wit-
nessed this on a grand scale: capitalism limping onwards. At the same 
time, this trajectory is borne and lived by the individual members of 
society, who see it as being marred by ruptures and not simply as con-
tinuous growth and self-development to the point of comprehensive 
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agency. This must be taken into consideration in our search for the 
beneficial use of high tech, while also opening up the space, method-
ically and critically, for the perception of the effects on culture and 
way of life, its forms and the familiar identities in the balance of 
forces and the togetherness of the sexes. In most of the studies in 
industrial sociology, and even in Marx, we found the critique and 
perspectives neatly ordered around an ideal of craftsmanship which, 
on the one hand, inevitably had to lead to reports of loss (of employ-
ment and skills) in the face of automation and, on the other hand, 
precisely to this yes/no logic, which obstructed the nullifying percep-
tion of the required skills and possibilities of intervention, planning 
and development. The logic of contradiction helps avoid the merely 
conservative retrospective view by posing questions in such a way as 
to reveal the shackles and restrictions which obstruct the desired per-
spective. Such research, which seeks not merely to preserve the old 
and thereby maintain the dominance of the few over the subjected 
many, would thus have to be guided by the following questions:

– Which of the barriers obstructing a horizontal division of 
labour are being removed?

– Are the forms which stabilise long-standing divisions for the 
sake of domination – such as that between intellectual and 
physical labour, or male and female labour – being dissolved?

– Where is the ossification of horizontal, mutually independent 
labour being dissolved? 

– Where are forms of a vertical division of labour being dissolved?
– Are hierarchies, and thus class rule and control from above, 

being challenged?
– Is mere experience-based knowledge being replaced by science 

and theory-guided observation?
– Is there a subversion of forms of training which entrench privi-

leges and a dissociation from the unskilled?
– Where and in what way(s) is the old order entering into crisis?

We expect that the custodians of the old order will seek to structure 
a new order in their favour. They are aided in this by the fact that the 
blasting apart of old shackles is not automatically perceived as liber-
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ation by workers as long as the old conditions persist. It is far more 
natural for them to unite, reinforced by habit, with the backward 
forces than to seize the potential agency without any kind of ‘revo-
lutionary realpolitik’ (Luxemburg) in the form of an interventionist 
automation policy, say, on the part of trade unions. Overcoming this 
state would require significant collective efforts in all areas of life. 
The particular task of academia consists of pinpointing the strategic 
points of intervention. This was our understanding of how to sub-
stantiate an interventionist trade union automation policy. 

outlook 

What was the outcome of these two decades of optimistically con-
tending that automation would lead to upskilling? Essentially, it has 
at least become clear that this ‘up’ itself needs to be specified and 
defined in a very general manner. Firstly, in a negative sense: there 
is no doubt that automation, as well as Industry 4.0, destroys jobs on 
a large scale. It has long been rendering physical strength obsolete. 
In positive terms, automation is geared towards eliminating mal-
functions, identifying improvements, developing the potential for 
the optimisation of processes, changing products, and planning, 
constructing, researching and developing process targets. The specif-
ically human contribution to this is the ability to criticise and change 
existing reality, that is, to process contradictory findings and revise 
objectives. Human input must be economical with regard to material, 
energy, time, security, etc., as well as oriented by use value and the 
safety of both humans and the natural environment. In this regard, 
we wrote:

The theoretical form of work in automated processes, the planning 
of the unplanned, the correspondingly required intensification 
of communication and cooperation, demands a new stage of the 
socialisation of workers, the development of a new culture of work 
in which decisions are increasingly made collectively, in the form of 
self-management of production and administrative processes. The 
realisation of this prospect, which emerges alongside the evolu-
tion of automation, requires the democratic restructuring of social 
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relations extending into the workplaces in a way that everyone can 
participate in important decisions and is able to develop and affirm 
their self-responsibility for the whole, for nature and society.11 

As is obvious, this perspective goes well beyond the boundaries of 
capitalist relations of production, yet there are major areas remain-
ing on the agenda which, thanks to the unleashing of force(s), that 
is, of time and life, would have to be urgently tackled without further 
ado: these are the questions of how to interact with a non-human 
natural world – in terms of the ecology debate – and, ultimately, the 
question of relationships and relations which humans enter into with 
each other and themselves. In more solemn terms, the matter at hand 
is the development of one’s own capacities and the countless capaci-
ties inherent in human individuals, and the tremendous task, which 
may sound both utopian and worn out, of building loving, caring, 
friendly and lasting relationships with one another – relationships 
which fall by the wayside in times of war, misery and under capital-
ist relations of production geared towards private profit. This, above 
all, is what must be developed. In short: it is high time that humanity 
transits from its prehistory into its history.
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6
‘Forward! And Let’s Remember’

A review of materialist technology  
debates of the past

Christian Meyer

When attempting to gain an understanding of technological develop-
ments in the world of work, it is certainly worth briefly looking at the 
technology debates taking place within the critical social sciences, 
where, time and again, Marx has been referenced. However, this begs 
the question as to whether returning to texts that date back two cen-
turies is necessary in order to understand digitalisation. Can we really 
continue to base ourselves on Marx? The argument put forward in the 
following pages is that, firstly, we can and should continue drawing 
on Marxian theory, but, secondly, that we are by no means doomed 
to keep reinventing the wheel and should instead learn the lessons 
from past debates.1

returning to marx

The approaches to Marx’s works and the resulting analyses and the-
oretical traditions have always been very diverse. One reason for this 
lies in the Marxian work itself.

Over the decades, three of Marx’s texts became key reference points 
for understanding the mutual influence of technology and society, 
and three distinct notions of technology can be extrapolated from 
these works. In the first volume of Capital, the application of technol-
ogy in society takes centre stage:

And this is the point relied on by our economic apologists! The 
contradictions and antagonisms inseparable from the capitalist 
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application of machinery do not exist, they say, because they do 
not arise out of machinery as such, but out of its capitalist appli-
cation! Therefore, since machinery in itself shortens the hours of 
labour, but when employed by capital it lengthens them; since in 
itself it lightens labour, but when employed by capital it heightens 
its intensity; since in itself it is a victory of man over the forces of 
nature, but in the hands of capital it makes man the slave of those 
forces; since in itself it increases the wealth of the producers, but 
in the hands of capital it makes them into paupers, the bourgeois 
economist simply states that the contemplation of machinery in 
itself demonstrates with exactitude that all these evident contra-
dictions are a mere semblance, present in everyday reality, but not 
existing in themselves, and therefore having no theoretical exis-
tence either.2

Here, Marx criticises bourgeois economics and defends the tre-
mendous potential mobilised by the capitalist mode of production. 
Similarly, only a few pages before this passage, he accuses the Luddites 
of failing to distinguish between machinery and its capitalist use:

The large-scale destruction of machinery which occurred in the 
English manufacturing districts during the first fifteen years of 
the nineteenth century, largely as a result of the employment of 
the power-loom; and known as the Luddite movement, gave the 
anti-Jacobin government, composed of such people as Sidmouth 
and Castlereagh, a pretext for the most violent and reactionary 
measures. It took both time and experience before the workers 
learnt to distinguish between machinery and its employment by 
capital, and therefore to transfer their attacks from the material 
instruments of production to the form of society which utilizes 
those instruments.3

Based on this and similar text passages, it is often alleged that Marx 
harboured an instrumental notion of technology, according to which 
technology as such may be ultimately neutral, but, under capitalist 
conditions, is not used for the satisfaction of needs. Braverman refers 
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to this as the ‘Marxist view’ and emphasises the dual function of tech-
nology in terms of productivity increases and control over workers.4 

The instrumental stance, which insinuates technology’s neutral-
ity, sparked some criticism. Marcuse regards ‘technology as a form 
of social control and domination’, a circumstance already inherent in 
natural-science rationalism. Ullrich attributes to the natural sciences 
an ‘affinity for capital’ and exposes precisely the problems associ-
ated with their supposed ‘neutrality’ and indeterminate potential 
application.5 

A passage from The Poverty of Philosophy, often reduced to a kind 
of mnemonic, suggests a different reading of the relation between 
technology and society.

In acquiring new productive forces men change their mode of pro-
duction; and in changing their mode of production, in changing 
the way of earning their living, they change all their social rela-
tions. The hand-mill gives you society with the feudal lord; the 
steam-mill, society with the industrial capitalist.6

The last sentence of this quote has contributed to an understanding 
according to which technology determines society. From this per-
spective, commonly referred to as technological determinism, it is 
deduced, for example, that nuclear energy must necessarily lead to an 
authoritarian state (Jungk) or that information technologies bring us 
post-capitalism (Mason).7 The reference to the mode of production 
adds the historical factor to the equation. In this sense we may ask: 
does the steam mill actually precede capitalism in temporal terms? 
According to Kuczynski, historical research has shown that it took 
centuries before capitalism bore its own technological basis, namely 
in the form of the steam-powered mill, which provided it with a 
degree of stability. Marcuse likewise cites the example of the steam 
mill, but specifies Marx’s statement regarding the defining effect of 
technology. ‘[W]hen technics becomes the universal form of material 
production, it circumscribes an entire culture; it projects a historical 
totality – a “world”.’8

The third text is the so-called ‘Machine Fragment’ contained in the 
Grundrisse:
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The productive forces and social relations – two different aspects of 
the development of the social individual – appear to capital merely 
as the means, and are merely the means, for it to carry on produc-
tion on its restricted basis. In fact, however, they are the material 
conditions for exploding that basis. […] Nature does not construct 
machines, locomotives, railways, electric telegraphs, self-acting mules, 
etc. […] They are organs of the human mind which are created by 
the human hand, the objectified power of knowledge. The devel-
opment of fixed capital shows the degree to which society’s general 
science, knowledge, has become an immediate productive force, and 
hence the degree to which the conditions of the social life process 
itself have been brought under the control of the general intellect 
and remoulded according to it.9

In this instance, Marx tends towards a social-constructivist position, 
emphasising how social knowledge becomes the most important 
productive force. This knowledge, the general intellect, is often linked 
to so-called immaterial labour,10 a theme which more recent texts on 
digitalisation have often proceeded from. Hardt and Negri describe 
algorithms as ‘fixed capital, a machine that is born of social, coop-
erative intelligence, a product of “general intellect”’. Fixed capital 
today, they continue, is the human being, carrying in him or herself 
the knowledge which allows for more autonomy vis-à-vis capital.11 
Mason, too, refers to technology’s potential for emancipation and 
crisis that surfaces in this passage, and infers that the contradiction 
between market mechanisms and technology must ultimately lead 
to the downfall of capitalism because it is unable to accommodate 
shared knowledge.12

In sum, Marx certainly did not leave behind a coherent theory of 
technology, and it is hardly surprising that the references to his work 
reach such a vast range of different conclusions. In what follows, 
Marxist perspectives on technology will first be reconstructed in the 
context of the given historical conditions and the development of 
the social sciences as a discipline in order to subsequently place the 
focus on relevant stages of development through the lens of differ-
ent authors. To conclude, current debates around digitalisation and 
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their connecting points with the outlined discussions will be criti-
cally assessed.

the development of the technology debate  
in the critical social sciences

Since the 1950s, the approach to technology among Marxist authors 
in Germany has oscillated between technological determinism and 
social constructivism, often failing to grasp the dialectics of the rela-
tions of production and the productive forces (the latter of which 
include technology). After all, ‘[m]en make their own history, but 
they do not make it just as they please; they do not make it under cir-
cumstances chosen by themselves, but under circumstances directly 
encountered, given and transmitted from the past’.13

A rough historical trajectory can at least be outlined. The 1950s 
were characterised by a strong faith in progress and an evolutionary 
understanding of technological development. This optimistic belief 
in progress, which saw the new society as emerging from the produc-
tive forces,14 was often criticised or called into question.15 A reduction 
in physically demanding labour and arbitrary workplace regimen 
could, however, be corroborated empirically.16 Furthermore, machine 
wrecking was frowned upon among the workers’ movement17 – not 
least in the sense of a ‘dissociation from [the] elitist contempt for 
technology’ characteristic of conservative cultural criticism.18

As mechanisation and automation progressed, the assessments put 
forward in the 1960s became increasingly sceptical, seeing as semi-
skilled and physically demanding labour were far from being a thing 
of the past for all wage earners. This marked the starting point for 
the thesis on the polarisation of occupational groups, which is still 
asserted to this day.19 The deployment of new production technolo-
gies, the thesis claims, leads to deskilling for some while allowing for 
a greater degree of self-determination and an expansion of the range 
of tasks for others.

The 1970s and ’80s can be regarded as the heyday of Marx-ori-
ented technology research. The most relevant institutes of the time 
each developed their own distinctive research approaches. The 
SOFI in Göttingen20 (Kern and Schumann, among others) under-
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stood production technology as a framework for the organisation of 
work which, despite certain intrinsic logics, allows some leeway for 
shaping the labour process. That said, this leeway is very limited due 
to capitalist constraints.21 Even though technology was thought to 
offer a wide range of possibilities for new production concepts and a 
less strict division of labour, there were no illusions that a far-reach-
ing social transformation might be underway as long as technology 
exclusively served the production of profit.22 Works produced at 
the ISF in Munich (Hirsch-Kreinsen, among others) emphasised 
the autonomy of operative strategies for the deployment of technol-
ogy vis-à-vis political-economic constraints. The IfS in Frankfurt 
(Bergmann, Brandt, among others), by contrast, interpreted pro-
duction and information technology as powerful elements of basic 
capitalist socialisation. Brandt does admit, however, that ‘the Frank-
furt researchers did not always resist their traditional tendency 
of adopting a totalising and apocalyptic version of subsumption 
theory’.23 The works of all three institutes are based on an instrumen-
tal understanding of technology, according to which technology is 
studied in its capitalist application. 

The approaches listed here are frequently referred to as the sub-
sumption model (IfS) and the production model (SOFI, ISF). The 
focus on work pursued by both approaches is based on Marx.24 The 
subsumption model places emphasis on the subjection of the produc-
tive forces, in particular the formal and real subsumption of human 
labour, and regards abstract labour as the specific ‘result of capitalist 
socialisation’.25 In a shorter, more pointed definition, the produc-
tion model regards productivity increase as the main motivation for 
the deployment of technology, while in the subsumption model the 
motivation is domination. 

The ‘Automation and Qualification’ research project (PAQ) eludes 
this distinction altogether, proceeding instead from the question of 
how the contradiction between productive forces and relations of 
production is expressed at the level of the individual.26 Although the 
principle of profit drives the development of the productive forces, 
so the argument goes, this does not account for the specific imple-
mentation of automation because the concrete make up thereof also 
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includes issues of domination and interests in relation to the social 
balance of forces.27 

Parallel to this, a public awareness of the problems of ‘the risks of 
technological-scientific civilisation’ emerged during the 1970s.28 The 
critique of environmental and technological rationality put forward 
above, e.g. by Marcuse and Ullrich, falls under this category. Apart 
from addressing social and ecological limits to growth, it was also 
accompanied by the abandonment of technological determinism, 
while societal interests in the construction and implementation of 
technology took centre stage.29 

The critical social sciences, of course, only rarely argued in a 
strictly deterministic manner in the sense that they viewed technol-
ogy as an independent variable. Technology was always considered 
under capitalist conditions. Lutz summarises the prevailing techno-
logical determinism of the time as follows:

Social modernisation and social change are thus ultimately 
nothing other than the adjustment – of course, often delayed by 
inertia, bigotry or short-term interests – of the socioeconomic and 
socio-psychological structures to the conditions, constraints and 
opportunities which are either directly created and opened up by 
technological progress or are the consequence of its implementa-
tion in the form of productivity increases and economic growth.30

Correspondingly, technology has a certain intrinsic logic and rigidity 
but is deployed for specific purposes. In this sense, the instrumental 
and the technological-deterministic notion do not necessarily con-
tradict one another. 

At the same time, there was a thrust of rationalisation and mechani-
sation in the world of work that had only rarely occurred throughout 
history, and which received a ‘specific social dynamic’ through simul-
taneous mass unemployment. Additional pressure to rationalise was 
placed on capital by a more closely interconnected global market and 
economic stagnation.31

Over the course of the 1980s, questions of work organisation 
increasingly replaced those of technology.32 The Labour Process 
Debate, proceeding from the work of Braverman (1974), which 
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emphasises the domination in the workplace and the political sub-
stance of the labour process, henceforth served as a point of reference 
for many authors.33 Adding to this is the fact that, from the late 1980s 
onwards, a German-language sociology of technology was constituted 
as an independent subdiscipline34 in contrast to the Marx-oriented 
sociology of work and industry, and terms such as capitalism and 
industrial society were called into question within sociology itself.35 
Some of the protagonists say in hindsight that the sociology of work 
never really did involve that much Marxian theory. Nevertheless, that 
theory did help explain many of the conflicts and crises that mani-
fested themselves from the late 1960s onwards (e.g. labour conflicts, 
the 1968 revolt, the economic crisis of 1974/75). Yet the more the 
work-centred society’s institutions proved flexible, the more Marx 
was removed from industrial sociology, while system-theoretical and 
neo-institutionalist approaches became increasingly popular during 
the 1980s. Moreover, ‘Social Democracy and trade unions, who were 
implementing corresponding government reform programmes’, were 
no longer available as addressees and strategic allies.36 

Just as interest in technology receded in the sociology of work 
and industry, so too did references to the Marxian legacy. It was not 
until the advent of comprehensive digitalisation that Marx-oriented 
research, appearing over recent years, increasingly returned to focus 
on technology once again.

the development of the productive forces  
from automation to information

Marx envisaged large-scale industry, machine tools and steam power, 
and the image of the capitalist mode of production was undergo-
ing dramatic changes. Yet the essence was the change of productive 
forces this process institutionalised. ‘Modern industry never views or 
treats the existing form of a production process as the definitive one. 
Its technical basis is therefore revolutionary.’37

Along with the productive forces, the production paradigms change 
as well, not consistently but sporadically, and in a fundamental, 
‘revolutionary’ way. This also found expression in the correspond-
ing research, and the bulk of materialist analysis was dedicated to 
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automation – until the technological base was once again revolu-
tionised with the advent of computers and information technologies. 
Sporadic, dynamic periods of major advances were identified over 
the course of several decades, which the research sought to concep-
tualise. Digitalisation was not the first buzzword designating novel 
production paradigms and technologies, and the terms used in the 
past turned out to be just as vague. 

As early as 1956, Pollock had pointed out that there was no coherent 
definition of automation. In his view, some saw it as denoting gen-
uinely new production methods, while others simply understood 
it as a certain stage of an evolutionary development of mechanisa-
tion. In Pollock’s view, however, the consequences for society, namely 
the threat of economic instability as a result of underconsumption, 
centralisation and job cuts, nevertheless justified using the term 
‘automation’ to depict the historical stage in the industrial countries. 
Pollock predicted the emergence of an ‘automation hierarchy’ which 
would privilege ‘people working on all levels in automated factories 
and offices’, whose qualification levels, self-confidence and standard 
of living would be higher and whose jobs would be more secure. 
The rest would become a mere surplus population, that is, a reserve 
army, while those whose jobs were not being substituted would at 
the very least be aware of the threat of their potential replacement. 
Pollock can thus be regarded as an early proponent of the polarisa-
tion thesis. However, ‘when applied in a sensible way, automation 
could once again make humans the masters of the economic process 
on all levels’.38

The PAQ, in turn, challenged the polarisation thesis, asserting that 
automation fostered the atomisation of workers on the one hand, 
while also demanding forms of self-management and democracy in 
the workplace, ultimately requiring higher qualification levels, seeing 
as more decision-making competencies were needed on the shop 
floor.39 Braverman suggests a scenario in which the possibility of 
external control and universal applicability allows people to increas-
ingly return to dominating the machines. But because management 
remains in control, he contends that the domination of the labour 
process by humans would turn into the domination of humans by the 
labour process.40 
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Many consider the rectification of malfunctions and corrective 
interventions as characteristic of work in automated workplaces.41 
The question is whether the bulk of the workforce is granted the pos-
sibility of ‘planned action in uncertain situations’ (PAQ), or whether 
living labour simply fills the gaps in automated processes, as Braver-
man argues. The integration of tasks, in Bergmann’s view, can only 
be achieved through pressure from the trade unions, and ‘shop floor 
programming (SFP) is practised far less than would be technically 
feasible’.42

In this perspective, women working in office jobs are particularly 
threatened by technologically induced unemployment.43 In indus-
trial workplaces, they are given easy sub-tasks such as converting 
technical planning sheets into machine-readable formats.44 Beyond 
that women have a hard time finding employment in automation, 
according to this view. What remains are those jobs which are con-
tinuously threatened by replacement and characterised by a lack of 
flexibility and low qualification levels, such as data entry roles.45 

The increasing relevance of computers in the production process 
and their broad range of application have been a topic of discussion 
at least since the 1980s.46 Capital, it is argued, responds to the crisis of 
Fordism and Taylorist production by devising flexibilisation strategies 
– pertaining to both humans and machines – via microelectronics. 
Given that rationalisation and the decreasing purchasing power of 
wage earners come into conflict with one another and obstruct the 
realisation of profits, the problem of the ‘“microelectronic” accumu-
lation strategy’ is not a technological one.47 Kern and Schumann also 
see the development ‘not as a technological phenomenon, but as a 
complex sea change in the industrial structure’.48 According to Kern 
and Schumann, this change of thinking is further fuelled, on the one 
hand, by the application of new technology, while, on the other hand, 
the latter can be applied more effectively when qualifications and the 
design of work organisation correspond. 

In the 1990s, Schmiede turns to information and communica-
tion technologies and embeds their dissemination – in terms of the 
concept of informatisation – in the historical development of the cap-
italist mode of production. In his view, the ‘control over the relevant 
information’ becomes the necessary basis, particularly for the dom-
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ination of workers under increasing capital intensity, for the control 
of machines and an increase in the turnover rate.49 Schmiede thus 
follows the tradition of the subsumption thesis. The prominent role of 
information as abstraction and digital symbolisation has far-reaching 
implications, and abstract labour changes from being an analytical 
concept to a sensually palpable reality in the workplace, as Braver-
man already argued. The result is a ‘de-qualification’ of work, not in 
the sense of deskilling, but in the sense of a loss of distinct quali-
ties. More and more tasks resemble one another in terms of working 
with symbols on a screen. The level of qualification may rise or fall 
in the process, but the separation of manual from intellectual labour 
continues – frequently even within the same individual. Schmiede 
regards the computer as the embodiment of a transferral of Taylorist 
concepts to intellectual processes, the latter of which can likewise be 
subdivided this way. Management itself thereby becomes the object 
of Taylorism. 

Schmiede asserts that increasing storage capacities and ever-
greater communication networks have made complex autonomous 
machine systems technologically feasible. And even though these 
systems essentially no longer require any human control, they are not 
uncontrolled: ‘The anonymous constraints of the law of value […] 
continue to determine the purpose.’ Although the possibilities of 
information and knowledge acquisition have greatly increased, ‘the 
veil of domination that lies over the capitalist mode of production has 
only become thicker’.50

‘digital ist besser’:51 between hype and revolution

The proliferation of digital technologies is a process that affects all 
of society. Summarised by the buzzword Industry 4.0, the debate in 
Germany focuses mainly on industrial production, which, against 
the backdrop of the 2008 crisis, is attributed a new relevance.52 The 
discourse on Industry 4.0 must be seen largely as hype and a public 
relations effort on the part of capital. Apart from the concern about 
where production is located geographically, it reveals a technolog-
ical determinism that also characterises the international debate.53 
Technology often appears as the agent, or subject, of change, to 
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which work and society then have to adapt, while social processes 
are ignored. The range of what the diagnosed technological revolu-
tion54 is supposed to encompass changes almost on a daily basis: the 
Internet of Things, cyber-physical production systems, the Smart 
Factory, Big Data… the diversity of terms, however, is hardly able to 
conceal the lack of orientation. For example, a precise definition of 
technology or an exact description of its role in society is absent from 
mainstream discourse. 

Yet questions of technology are also back on the agenda of 
Marx-oriented social science. In the international discussion about 
digitalisation, decentralised company models – variably referred to, 
with differing emphasis, as platform capitalism or surveillance capital-
ism55 – often take centre stage. 

The engagement with the digitalisation of work frequently 
resembles the debates on automation: technologically induced 
unemployment is regarded as a risk just as much as the polarisation 
within workplaces.56 More extensive control as one possible outcome 
of the introduction of new technologies marks a prominent theme 
in current debates – namely in the sense of the direct surveillance of 
workers, consumers and users. It ranges from pretend participation 
to authoritarian access through detailed data collection and on to the 
manipulation or downright control of behaviour. However, the sub-
sumption thesis in its more apocalyptic version seems to no longer 
play any greater role. While some indulge in fantasies of total auto-
mation, such as Srnicek and Mason, others warn against neglecting 
human labour power and experience in scenarios of digitalisation.

The critics’ camp has not yet made up its mind as to whether to 
confirm an historic sea change or to state that we are simply witness-
ing more of the same. From this perspective, it is far from clear that a 
Fourth Industrial Revolution is indeed looming. While Haug speaks 
of an ‘epochal threshold’, Fuchs stresses that the proliferation of infor-
mation technologies cannot be understood as a radical break because 
it does not by itself indicate relations of production, exploitation and 
modes of production.57

At the beginning of the new millennium, a left-wing, emancipatory 
project with regard to digital technologies was nowhere to be seen, 
and the ruling power bloc was able to assert its own concept. The 
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example of cybernetics shows that technologies have always been 
linked to oppositional political visions, which asserted themselves in 
an interplay of ‘material and ideological development’.58 One paradox 
of the current debate is that a social alternative to the capitalist model 
is being expressed most clearly in terms of a relatively uncritical 
enthusiasm for technology. A left-wing project, then, is also taking 
shape where questions of democracy are raised and the potential of 
digital technologies for economic democracy is being explored.59 

Digitalisation is a process that affects society as a whole, but 
analyses of platforms and digitalised industrial companies mostly 
appear unconnected to each other, let alone to analyses of culture, 
gender relations, ecology and politics. To Marx, it was clear that ‘[t]he 
transformation of the mode of production in one sphere of industry 
necessitates a similar transformation in other spheres’.60 That said, 
most scholars all too often make no attempt to take the mode of pro-
duction as a starting point. In this regard, the question of whether the 
relationship between productive forces and relations of production 
can still be grasped in a digital scenario, in an attempt that echoes 
Marx, remains to be resolved. 

Indeed, it is generally to be welcomed that technology in the 
context of digitalisation is once again acquiring a greater role in the 
critical social sciences. Unfortunately, there is a lack of mutual refer-
encing among contemporary contributions, of a connection with past 
discussions, and also of an engagement with Marx’s ideas as such. 
Critical research today can certainly benefit from critical scrutiny of 
his fragmented work on questions of technology. More frequently 
incorporating Marx into the discussion once again would mean 
taking contradictions, the knowledge about social contingency and 
the critique of capitalist society as natural starting points for analysis.



II

Robots in the Factory: Vision and Reality
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7
High Tech, Low Growth: Robots  

and the Future of Work1

Kim Moody 

In the last few years, works by such techno-futurists as Martin Ford, 
and Brynjolfsson and McAfee, both New York Times bestsellers, 
have contributed to the revival of the recurring debate about tech-
nology and the future of work, dazzling the public with mountains 
of information on new technology, artificial intelligence, robotics, 
self-driving cars and trucks, 3D printers, and their projected destruc-
tion of jobs and, hence, the inevitable vanishing of the working class 
– and perhaps managers and bean-counters as well.2 Confronted 
with such overwhelming accounts of technical progress, we tend to 
respond like the deer frozen in the headlights. The disaster rushing 
towards us appears unstoppable. 

This generation of technophiles, however, is by no means the first 
to describe and analyse the evolution of technology and its ‘inevita-
ble’ impact on employment. As Ford himself notes, the 1964 report 
The Triple Revolution catalogued rising automation and predicted 
the inevitable loss of countless jobs.3 Inevitability, however, failed 
to materialise as the US workforce grew apace even in manufactur-
ing and despite the big recession of 1974–5. The turning point came 
with the bigger recession of 1980–2 that did the sort of job-destroy-
ing work automation had not. 

The 1990s saw another wave of popular techno-scare analyses, 
one of the most substantial of which was Jeremy Rifkin’s 1995 The 
End of Work.4 The title, of course, is the message. Rifkin compiled an 
array of examples of the latest developments in work-related technol-
ogy and the new practice of ‘reengineering’, predicting the massive 
and permanent loss of jobs. Yet, a quarter of a century later, there are 
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more, not fewer, jobs in the United States and the world. Work did 
not end, it just changed official statistical categories and got worse, 
as we will see below. Like today’s projections, Rifkin’s were based on 
a lot of information, much of it anecdotal, and a lot of predictions, 
most of them off the mark. 

For example, Rifkin cited a 1993 Andersen Consulting study that 
predicted the loss of 700,000 jobs in ‘banking and thrift institutions’ 
over the next seven years as a result of re-engineering. Between 1990 
and 2000 commercial banking did lose jobs, 111,700, about a sixth of 
the prediction, and this is likely due to industry consolidation. By 2010, 
commercial banks had gained back half of those lost jobs despite con-
solidations and better computers, and by mid-2017 they had reached 
97 per cent of the 1990 level. Computers destroyed jobs, but nowhere 
near on the scale imagined by Andersen Consulting or Rifkin.5 

Even more off-base was a 1990 prediction from the US Depart-
ment of Labor cited by Rifkin that automation of various sorts could 
reduce warehouse ‘labour requirements’ by 25 per cent. Instead, 
warehouse production and non-supervisory jobs grew by 27 per cent 
from 1990 to 2000 and by another 83 per cent from 2000 to mid-
2017, despite recession and technological advances.6 One reason why 
this prediction was so far off is that not only are there many more 
warehouses, but, as we will see below, they are much larger and hence 
require more rather than less labour. 

Typically, the projections of techno-futurists, while looking at 
some big economic trends, do not really grasp how capitalism works 
in relation to investment, whether in structures, machines, IT or 
robots. Rifkin’s predictions fell short not just because the technology 
was not always up to the task or the tendency of futurists to project 
from limited evidence, but because of the economic times in which 
they were made and the underlying contradictions of capitalist accu-
mulation that gathered force even in the late 1960s and have asserted 
themselves since the 1970s. Writing in the mid-1990s, when the 
economy seemed to be on an upward course with high-tech invest-
ment on the rise, he could be optimistic. But, in fact, capitalism was 
having deeper problems, investment would halt, and the dot-com 
boom go bust within a few years. 
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method and summary of argument 

The approach taken here will be different from the techno-futur-
ists, many academics, and major institutions of capitalist thought 
and regulation. This study employs the dynamics of Marxist polit-
ical economy in order to assess the past, current and likely future 
progress of job-destroying automation. The underlying context of 
this examination is the turbulent reality of actually-existing capital-
ism as it has unfolded since the 1970s and is projected to continue 
for the foreseeable future. The major contention here is that the sus-
ceptibility of any job to automation is secondary to the potential 
profitability of its actual application. This is a view of the prospects of 
the ‘Fourth Industrial Revolution’ that poses a different question than 
those assumed by most of the predictions, projections and estimates 
cited above, and many others like them. The question is not that of 
the susceptibility of various jobs and occupations to automation, but 
the practicality of their application through actual investment. 

The article will next empirically examine the surprisingly slow 
introduction of industrial robots in manufacturing due in part to 
their persistent limitations, relative costs and the problems of profit-
ability; the real forces behind manufacturing job loss since the early 
1980s; the irony that the increased use of information and communi-
cations technology (ICT) to track and guide goods in supply chains 
and within and between warehouses has actually led to rapid growth 
in employment in this sector; and, finally, the ever-delayed promise 
of ‘driverless’ cars and trucks.* In conclusion, it will be argued that 
the dynamics of capital accumulation itself, as well as the turbulence 
of capitalism globally and in the United States, have led to a slow-
ing-down of investment in work-related technology which remains 
a barrier to the sort of dramatic replacement of human labour by 
machines projected by the techno-futurists. 

susceptibility versus profitability 

In addition to popular works such as those of Ford or Brynjolfsson 
and McAfee, there have been academic attempts to measure the like-

* Editor’s note: Although the two sections on supply chains and ‘driverless’ vehicles 
are not included in this edited version, they are well worth reading in the original.
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lihood of massive job loss due to automation or other technological 
advances. A frequently cited recent study by Oxford academics Carl 
Frey and Michael Osborne, for example, attempted to rank the sus-
ceptibility of 702 detailed occupations to computerisation, broadly 
defined, using data and descriptions from the Bureau of Labour Sta-
tistics (BLS). They conclude that ‘47% of total US employment is in the 
high-risk category, meaning that associated occupations are poten-
tially automatable over some unspecified number of years, perhaps 
a decade or two’.7 While they assume the accelerating progress of 
such key elements of automation as ‘machine learning’, ‘Big Data’, and 
robot dexterity, they make no effort to assess the economic feasibility 
or practicality of applying various forms of technology under today’s 
turbulent economic conditions. 

Not surprisingly, the active members of the capitalist class are also 
concerned about the possible competitive advantages as well as the 
potentially disruptive impact of all this new technology. Both the 
World Trade Organization (WTO) and the World Economic Forum 
(WEF) have published recent reports covering the ‘Fourth Industrial 
Revolution’. As might be expected, as caretakers and practitioners 
of capitalism, they are somewhat more circumspect in their predic-
tions of job loss. While rehearsing the usual arguments about how 
such ‘creative destruction’ brings new jobs, occupations and even 
industries, the WTO’s 2017 report cites two McKinsey Global Insti-
tute studies which claim that although 60 per cent of US occupations 
could involve some automation, only ‘5 percent of occupations could 
be entirely automated using current technologies’. Its own estimate 
is that about 9 per cent of jobs in the United States and 21 OECD 
countries are ‘susceptible to full automation’. The WTO report notes 
that costs are a factor in the introduction of new technology, but goes 
no further in assessing the likelihood that such investments will be 
made.8 

The WEF’s 2016 report The Future of Jobs estimated that between 
2015 and 2020 there could be a net loss of 5.1 million jobs to auto-
mation in the 15 countries, including the USA, that their survey of 
senior executives covers. As they point out, however, there are 1.86 
billion workers in those countries, so this projection seems even more 
modest than the WTO/McKinsey estimates. When the WEF survey 
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asked executives what they thought the main ‘drivers’ of change were, 
only 9 per cent answered ‘Advanced robotics and autonomous trans-
port’, while even fewer named ‘Artificial intelligence and machine 
learning’ or ‘3D printing’. In comparison, 44 per cent, the highest 
percentage, answered ‘Changing work environment and flexible 
working arrangements’. Could they have meant some version of lean 
production methods and related new management practices? The 
only economic barrier to new technology mentioned in the survey 
was ‘Pressure from shareholders, short-term profitability’.9 

the forward march of the robots stumbles 

One of the few attempts to quantify the actual implementation and 
impact of robots on US industry is the 2017 National Bureau of 
Economic Research study, Robots and Jobs: Evidence from US Labor 
Markets, by Daron Acemoglu and Pascual Restrepo. This received a 
lot of media attention, which usually took its findings to indicate cata-
strophic job losses in the not too distant future. Using a rather complex 
simulation of ‘labour markets’ and data from the International Fed-
eration of Robotics (IFR) for 19 industries (15 manufacturing, four 
service), Acemoglu and Restrepo conclude that from 1990 to 2007, 
just before the Great Recession took hold, the introduction of robots 
in the United States cost between 360,000 and 670,000 jobs or about 
21,000 to 40,000 jobs a year on average. They also predicted a tripling 
or even quadrupling of the number of robots between 2015 and 2025 
that would destroy jobs at about the same rate per robot (5.25 workers 
per 1 robot).10 This presumably could mean a loss of as many as 2.7 
million jobs over ten years or about 270,000 a year if robots increased 
by four times. That is a lot, but is not the ‘end of work’ in a workforce 
that is now composed of over 153 million men and women and that 
has grown by 14 million since 2010 despite a sluggish recovery and a 
large reserve army of labour.11 

The Economic Policy Institute (EPI) criticised Acemoglu and 
Restrepo’s simulation model as ‘highly stylised’ and based on ‘strin-
gent and likely unrealistic assumptions’, and concluded: ‘we find 
nothing in their report that establishes that automation broadly 
defined (including robots and non-robot automation such as infor-
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mation technology) explains recent trends’. In any case, the EPI 
argued, 40,000 jobs a year is hardly a massive loss if employment is 
growing in other areas, as it generally was, albeit in low-wage occupa-
tions and slowly since 2008.12 Since robots are heavily concentrated 
in manufacturing, Acemoglu and Restrepo’s figures are too small to 
explain the loss of 2.5 million production and nonsupervisory jobs. 

Other growth projections are even more modest. The IFR’s pro-
jections for 2015 to 2020 show only a doubling of annual robot 
shipments for the USA from 27,504 to 55,000, while the Boston 
Consulting Group estimates US robot spending to increase by one-
and-a-fifth-times to $24 billion from 2015 to 2025. However, their 
estimate for 2015 of $11 billion in robot sales equalled less than 3 per 
cent of GDP expenditures on ‘Machinery’ that year.13 

In global terms, the United States is actually behind most of the rest 
of the industrialised world. The IRF’s report ‘World Robotics 2017’ 
shows that while global shipments of industrial robots have grown 
significantly, those from ‘The Americas’ have never amounted to 
more than 18 per cent of the world total, and by 2016 were down to 
14 per cent of which 20 per cent came from Canada, Mexico, Brazil 
and the rest of Latin America.14 

Further evidence for the relatively slow growth in robots lies in 
their uneven application across industries. According to a Brookings 
study, as of 2015 half of the nation’s 233,305 industrial robots were 
in auto with a huge concentration in the Midwest and upper South, 
the site of most car and truck-supplier and final-assembly plants. Of 
those 116,653 robots, 30,000 or over a quarter belonged to General 
Motors alone.15 Despite rapid growth in robots in a few US indus-
tries, the only industry with extensive use of robots globally as well 
as in the United States is automobile manufacture – and that more 
than a half-century after their first introduction. In 2014, the US auto 
industry deployed 117 robots per 1,000 workers. No other industry 
came as close as 10 per cent of that level, and most had less than 
one robot per 1,000 workers in spite of significant increases in some 
industries.16 

Even in automobile manufacture, where robots have been used 
since the 1960s and have proliferated more than in any other industry, 
total employment in auto and auto parts in January 2017 was 945,000, 
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compared to the all-time high of 1,004,900 in 1978, or 94 per cent of 
the industry’s highest employment level.17 This is possible because 
today’s auto workforce produces many more cars and light trucks 
than that of the 1970s. To be sure, this workforce is now spread over 
a different group of companies, located in different geographic areas, 
heavily de-unionised, and subjected to two-tier wage patterns, gutted 
benefits and intensified labour even where there is a union. What all 
this indicates is that job losses and gains do not correspond directly 
to the increased use of robots. Competition and the ups and downs 
of the car and truck market continue to be major factors in employ-
ment levels along with various methods of work intensification. More 
broadly, the level of output and sales, i.e. the realisation of surplus 
value, remains a factor in employment levels in almost any industry. 

That is not to say that automation and robots do not displace 
workers. Yet the loss of 2.5 million jobs went along with recurrent 
economic crises, changes in plant structure and layout, lean produc-
tion, alternative shift patterns and other forms of work reorganisation 
and intensification. 

behind the loss of manufacturing jobs 

Martin Ford sees the massive loss of manufacturing jobs that is the 
major contributor to the rising reserve army almost totally as the 
result of new technology.18 Robots are one factor in the loss of manu-
facturing jobs, but they are not even the main one given their limited 
use so far in most manufacturing industries, as shown in Acemoglu 
and Restrepo’s and the IFR’s figures. Determining with any preci-
sion just how much job loss is due to technology and how much to 
changes in, and the reorganisation of, work in the past 30 or so years 
is probably impossible. As we will see below, however, the level of 
investment in both information processing and industrial equipment 
across the US economy has declined as a proportion of new private 
investment, while the growth in the ratio of capital stock to GDP has 
slowed down to a crawl. At the same time, the spread of lean produc-
tion methods, work reorganisation, and more recently the monitoring 
and measuring of work by electronic and biometric technology, has 
increased. So, although technology plays a role, the rate of investment 
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in robotics and automation has decelerated, while that of economic 
turbulence and work intensification by other means, that is, essen-
tially class war waged by capital, has increased. 

The major sources of job loss in manufacturing came not from 
robots or imports, but from the volatile course of the economy as 
huge numbers of manufacturing jobs were destroyed in the reces-
sions of 1980–2, 1990–1, 2000–1 and 2008–10, and from large 
productivity gains between recessions due mainly to the implemen-
tation of capital’s major tools of class conflict de jure: lean production 
methods beginning in the 1980s; work reorganisation; the introduc-
tion of ‘alternative work schedules’; the reduction of break time; and 
the accelerated monitoring, measuring and standardisation of work 
via computerisation and new surveillance technology.19 

The intensification of work through the reduction of rest-time per 
minute has been accomplished through lean production methods by 
Kaizen (continuous improvement) teams, computerised job mea-
surement systems like Six Sigma that rebalance jobs to the lowest 
employment-to-output level, and more recently by electronic and bio-
metric methods of work measurement and monitoring. The classic 
case was the GM-Toyota NUMMI plant in California where, begin-
ning in 1986, the number of seconds of actual work per minute rose 
from 45 to 57 seconds. While most factories are not likely to meet 
the 57-second standard, an increase of a few seconds per minute in 
a plant with a few thousand workers can create hundreds of extra 
hours of work at no cost to the company and without any change in 
technology.20 

The introduction of ‘alternative work schedules’ beginning in the 
1990s allowed manufacturing firms to take advantage of shift lengths 
that maximised the curve of productivity – generally ten hours as 
opposed to eight.21 Another job-busting non-tech strategy is the 
simple reduction of break time. One study of workers ‘performing 
routine tasks in middling occupations’ found that, on average, break 
time in the United States had been reduced from 13 per cent of the 
working day in 1985 to 8 per cent by 2003.22 This continued in auto 
in 2016 as the United Automobile Workers granted Ford a reduction 
in break time of one minute per hour worked.23 With 53,000 produc-
tion workers this amounts to just over 7,000 extra hours of work per 
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eight-hour day at no extra cost to Ford and a potential loss of nearly 
1,000 jobs. 

To be sure, technology, particularly software, plays a role in lean 
production methods. But its role is not primarily the direct replace-
ment of workers, à la robots or computer numerical controlled 
machines, but of forcing the workers themselves to reduce the work-
force through increased productivity. This difference is important. 
What, then, of the progress of robots in industry? 

smart computers, clumsy robots 

Any self-confident techno-booster will argue that the use of robots 
is accelerating and that the future promises an escalation the likes 
of which we have never seen. Look at all those gains in artificial 
intelligence (AI)! What about Moore’s Law of exponential growth 
in computer capacity, as the number of transistors per chip doubles 
every two years? The problem here is that most industrial robots do 
not require the most advanced versions of AI or super-high levels 
of computer capacity. They are, as even Martin Ford puts it, ‘blind 
actors in a tightly choreographed performance’24 – the choreogra-
phy residing in the program or algorithm. Thanks to 100 years of 
Taylorism and three decades of lean production methods, most 
industrial-production jobs are basic and low or middling skill in 
nature. On the one hand, that makes these jobs a potential target for 
robotisation. At the same time, however, it means that the advances 
in industrial robot performance have been minimal – from three 
positions to six or seven since the 1960s – that is, over more than half 
a century, for standard industrial robots such as are used in auto. Fur-
thermore, they still lack dexterity and mobility. 

In addition, as Ford points out, ‘industrial robots require complex 
and expensive programming’, so their deployment is costly.25 While 
computers may be able to unravel the human genome, win at Jeopardy, 
and more recently at the ancient Chinese game of Go, industrial 
robots are mostly deployed to perform simple tasks. Moore’s Law 
does not apply here. In fact, as we will see below, Moore’s Law has, as 
Robert J. Gordon puts it, ‘gone off the rails’.26 Thus, one reason for the 
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relatively minor role of robots in job loss is that their development 
has not been the smooth process many imagine. 

Part of the reason for this is that they are subject to ‘Moravec’s 
paradox’. As robotics expert Hans Moravec put it, ‘It is compara-
tively easy to make computers exhibit adult-level performance on 
intelligence tests or playing games, and difficult or impossible to give 
them the skills of a one-year-old when it comes to perception and 
mobility.’27 In other words, it is difficult to translate all the great leaps 
in artificial intelligence and computer capacity into the physical and 
mechanical functioning of robots, without which they are of limited 
use in industry. So, while computers are outsmarting people in some 
endeavours, robots remain clumsy or limited operatives in factories, 
warehouses and elsewhere. 

With their faith in the inevitable improvement of all things digital, 
Brynjolfsson and McAfee predicted with complete confidence in 
their 2014 book, The Second Machine Age, that the Pentagon-spon-
sored Defense Advanced Research Projects Agency (DARPA)’s 
Robotic Challenge, launched in 2014, would see much of the problem 
of mobility overcome. In fact, when the contest took place in 2015, 
as The Economist reported of the robots’ mobility, ‘They fell on their 
faces. They fell on their backs. They toppled like toddlers, they folded 
like cheap suits, they went down like a tonne of bricks.’28 Such physical 
limitations, of course, make them shaky investments. This, however, 
is only part of the reason for their slow adaptation to the work of pro-
ducing and moving material things. 

To be sure, there are robots with more advanced AI able to solve 
problems and learn. Some, like Rethink’s Baxter, can be fitted with 
sensors to detect the presence of humans in order to work alongside 
them.29 There are also advances in the use of robotics in medicine, 
biotechnology and some other areas. Our concern here, however, is 
with the impact of automation on those workers who produce the 
bulk of the nation’s goods and services. Most industrial robots that 
are actually used in manufacturing and auto in particular perform 
basic operations such as painting, welding and simple assembly. A 
new generation of ‘collaborative robots’ or ‘co-bots’ provides extra 
muscle for assembly-line workers, acting as an extension of the 
worker. In 2016 these accounted for only 3 per cent of global indus-
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trial-robot sales, but are expected to increase to perhaps a third.30 
No doubt these will increase productivity, but they do not directly 
replace the worker. 

The ultimate reason the progress in the application of industrial 
robots has been so slow lies not in technology per se, but in political 
economy. No technology will be invested in unless it can be expected 
to increase profitability, and if sufficient profits are available – and 
these are the problems of this era.*

the political economy of automation 

The underlying methodological problem with the work of techno-
futurists such as Ford and Brynjolfsson and McAfee, as well as that 
of their major critic Robert J. Gordon, is that they are technological 
determinists. Neither the problems of profitability nor of class conflict 
enter their analyses. For them history moves forward as a result of 
technological innovations by bold entrepreneurs. They argue that 
there has been no human progress from the time of Rome to the 
invention of the steam engine. Brynjolfsson and McAfee actually 
produce a figure showing that the curve of human social progress 
is led by technological change, and in particular the invention and 
application of the steam engine by James Watt between 1765 and 1776. 
They state forthrightly that the Industrial Revolution was ‘the first 
time our progress was driven primarily by technological innovation 
– and it was the most profound time of transformation our world has 
ever seen’.31 There is no recognition here that there was something 
besides entrepreneurial genius behind this technological innovation 
and its application along with many other innovations in what 
became the Industrial Revolution – namely the prior development 
of capitalism with its competitive drive for ‘improvements’ in 
production and profitability. 

As Ellen Meiksins Wood summarised the distinct nature of cap-
italism as it arose first in agrarian England prior to the Industrial 
Revolution, ‘This system was unique in its dependence on intensive 

* Editor’s note: At this point, the original article features two sections on automa-
tion in the logistics sector and experiments with driverless vehicles.
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as distinct from extensive expansion, on the extraction of surplus 
value created in production as distinct from profit in the sphere of 
circulation, on economic growth based on increasing productivity 
and competition within a single market – in other words on capital-
ism.’ What drove this need to intensify the extraction of surplus value 
‘was not the emergence of steam or the factory system but rather the 
need inherent in capitalist property relations to increase productivity 
and profit … the factory system was result more than cause.’32 

At the same time, these techno-futurists tend to rely on main-
stream neoclassical economic assumptions. One assumption is that 
machines, just like humans, can produce value as well as physical 
products or services (use values) of various sorts. The counter 
assumption here will be that while machines can produce use values, 
only human labour can produce value; in other words, the classical 
Marxist view of the social relations of production and value creation 
at the heart of capitalist dynamics and limitations. 

Following neoclassical assumptions, for most techno-futurists, 
whether academic or popular, markets and knowledge are assumed 
(perhaps unconsciously) to be ‘perfect’, and the spread of new tech-
nology, therefore, rapid and even within and between industries as 
leading firms adopt the new methods. As Howard Botwinick argues, 
however, Marx’s view of the impact of actual capitalist competition 
is one of uneven development due to the prior existence of accu-
mulated fixed capital and differential profit rates among competing 
firms. Not all firms can afford to jettison their old machinery and 
purchase new technology simultaneously. In addition, there tends 
to be a leapfrogging effect as late-comers adopt a more advanced 
version of the new technology, leaving the initial innovators behind. 
As Botwinick writes, ‘Rather than creating identical firms, competition 
therefore creates a continual redifferentiation of the conditions of pro-
duction’ (emphasis in original).33 

We can see the unevenness of the spread of robots across indus-
tries in the figures Acemoglu and Restrepo reproduce from the IFR, 
showing that only auto has adopted robots extensively. But even 
within auto the spread of robots was neither even nor rapid. While 
GM introduced its first robots in 1961, Ford waited until the 1970s. 
Many ‘service’ occupations, by contrast, have yet to feel the force of 
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automation, while even those that have, such as warehousing and hos-
pitals, continue to create jobs even in the face of automation. Outside 
of auto, and, to a lesser extent, computer and electronics manufactur-
ers, most companies are still waiting despite all the hype. 

From the vantage-point of political economy, there are both fun-
damental and contingent reasons, including timing, why the progress 
of implementing automation has been relatively slow and why it is 
likely to remain so. One contingent reason for the slow pace of capital 
investment in the latest technology is found in the very success 
employers have had in imposing relatively high levels of productivity 
in manufacturing and some related industries, and flat or declining 
real wages in general through lean production and the more open 
forms of assault on labour over the past three decades or more. In 
manufacturing in particular, the combined impact of recurrent crises 
and work intensification eliminated millions of production jobs even 
while output doubled between the early 1980s and today, with signif-
icant ups and downs to be sure. This combination has, in effect, done 
what robots were supposed to do, but at much lower costs to capital. 

At the same time, more and more of the new jobs in growing 
sectors of the economy, such as many services and warehousing, are 
low-paid and largely without benefits. In some cases, this is accom-
panied by rising productivity. While real wages in warehousing, for 
example, were almost flat, productivity in general (not refrigerated) 
warehousing rose by an average of 5 per cent a year from 1987 to 
2009.34 With productivity high in relation to wages in key industries, 
and low-wage jobs proliferating, the incentive for large-scale invest-
ment in costly and potentially risky technology has been reduced, 
while that in low-wage industries has increased. 

As Marx noted in his discussion ‘Machinery in Large-Scale 
Industry’, ‘In the older countries, machinery itself, when employed 
in some branches of industry, creates such a superfluity of labour 
(“redundancy of labour” is how Ricardo puts it) in other branches 
that the fall of wages below the value of labour-power impedes the 
use of machinery in those branches and, from the standpoint of the 
capitalist, makes the use of machinery superfluous.’35 In other words, 
as manufacturing sheds workers, many have been forced to move to 
low-wage jobs, thus putting further downward pressure on wages. 
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That the wages of many of these workers are below the value of their 
labour power is indicated by the fact that 30 per cent of the workforce 
relies to some extent on one or another form of public assistance.36 
This, in turn, removes the incentive to automate these low-wage jobs. 

The rise of new jobs in areas such a social reproduction, healthcare, 
maintenance, waste management, cleaning, material handling, etc., is 
not a function of Schumpeterian ‘creative destruction’ or a spin-off 
of technology, as mainstream economists and the apologists at the 
WTO or WEF argue, but of the now-affordable investment in these 
necessary functions mostly performed in the private sector at pitiful 
wages. Thus, one of the mechanisms behind this shift in employ-
ment to these lower-paid ‘service’ jobs is this sizable reserve army of 
labour which both supresses wages and provides desperate workers. 
As Marx put it: ‘But if a surplus population of workers is a neces-
sary product of accumulation or of the development of wealth on 
a capitalist basis, this surplus population also becomes, conversely, 
the lever of capitalist accumulation, indeed it becomes a condition 
for the existence of the capitalist mode of production.’37 Without a 
‘surplus population’, the expansion of capital into new areas is impos-
sible. The turnover in the reserve army is a consequence not only of 
technology, but of the various aspects of lean production in reducing 
the manufacturing workforce even though this sector produces more 
than ever, on the one hand, and is an enabler of growth in low-wage 
employment, on the other. 

More fundamental to the uneven progress of automation, however, 
is the rate of profit that is the driving motor of capitalism. Capital-
ist competition, both domestic and international, drives firms to 
invest in machinery or new technology to lower labour costs and 
increase profits. But there is a problem, a contradiction. As the share 
of fixed capital increases, the rate of profit tends to decline, even if the 
mass of profits increases to some extent as they have. Martin Ford, 
no Marxist, wrote in an earlier work, The Lights in the Tunnel: ‘the 
more machines begin to run themselves, the value that the average 
worker adds begins to decline’.38 Since in Marxist political economy 
it is human labour power that creates the value that eventually trans-
lates into money and profit, that means a falling rate of profit. Profits, 
in turn, determine the level of investment. As the Marxist econ-
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omist Michael Roberts puts it: ‘The movement of profits leads the 
movement of investments, not vice versa.’39 

Furthermore, as Anwar Shaikh points out in terms of capital’s will-
ingness to move from one industry or firm to another, ‘it is the rate 
of return on the new investment, not the average rate of profit on 
all vintages, which is relevant to the mobility of capital’.40 This is 
important, as much of the innovation in technology comes from rel-
atively new start-up firms. The survival rate of such high-tech firms 
barely exceeds a third. This applies to robotics firms as well. As the 
magazine Canadian Business warns investors, ‘robotics is a long-term 
play’. Some, it points out, lose money. As one investment counsel-
lor told the magazine, ‘You don’t know when there’s going to be a 
payoff.’41 This is not music to the ears of most of today’s short-term-
oriented investors who are the potential providers of new investment. 

The argument here is not that capitalism as a system is incapa-
ble of strong technological advance. Indeed, its competitive dynamic 
tells us that over the long haul it should be accumulating capital and 
innovating through such investment. Here is where timing comes in. 
The rate of profit has been increasingly turbulent in western capital-
ism at least since the late 1960s. This led to the slump of 1974–5 and 
the ‘stagflation crisis’ that characterised most of that decade. Profit 
rates rose in the 1980s and 1990s when capital investment in relation 
to total labour costs (the organic composition of capital) was rela-
tively low and productivity rising, but never achieved anywhere near 
the high levels of the post-Second World War boom era. They then 
collapsed with each recession and became somewhat weaker after 
2000.42 Investment decisions for the past forty years or so have been 
made in the context of increasing crises, volatile ups and downs, 
relatively slower growth, and turbulent profit rates. Thus, Rifkin’s 
predictions, and even those of the earlier Triple Revolution, faltered 
on the unfolding volatility of capitalism that had its origins in the 
late 1960s decline in profit rates – itself a consequence of the capital 
spending spree of the 1950s and 1960s. 

As a result, all the neoliberal redistribution of income and wealth 
upward for the last thirty years or more has not encouraged large-
scale investment in expensive industrial technology. Rather, to a 
greater degree than in earlier times, much of this money, when not just 
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sitting in some offshore tax haven, has gone into government bonds, 
mergers, stocks, derivatives, or at best more conventional plant and 
equipment. While the ‘financialisation’ of capital can be exaggerated, 
one indicator of the movement from new investment in real capital 
assets (and the short-term mindset of today’s capitalists) has been the 
shift of the share of profits towards dividends rather than internal 
investment; i.e. the redistribution of profits upward. Whereas, in the 
1960s, during the postwar boom, an average of two-thirds of after-tax 
profits were internally retained and invested, with the rest going to 
dividends, by the twenty-first century retained profits had fallen to 40 
per cent on average, while the proportion of dividends had soared.43 
Insofar as capital funds its investments from retained profits, which 
at the aggregate level is generally the case,44 this is another indication 
of the slower growth of investment in labour-saving or -enhancing 
machinery and technology. 

The derailing of Moore’s Law mentioned above is, itself, a result of 
economic rather than technological forces. Gordon cites Hal Varian, 
a founder of Intel and now chief economist at Google, to the effect 
that research on increasing computer capacity in PCs and laptops 
ceased ‘because no one needs a superfast chip on their desktop’. The 
problem, he said, was one of ‘demand’. So, research shifted elsewhere 
and transistor density no longer doubled every two years.45 

high tech in slow motion – the trend 

The slowing-down of investment in high-tech equipment is not 
just a theoretical proposition. According to the political economist 
Anwar Shaikh, ‘the appropriate measure of technical change is the 
ratio of current GDP to current-cost capital stock’.46 This, of course, 
is the economic measure of change, not a measure of the efficiency 
of the technology, but as such it gives us a guide to capital’s invest-
ment behaviour. What this shows is that, while there has been growth 
in this ratio over the 35-year period from 1980 to 2015, the rate of 
growth has been slowing down significantly decade-by-decade, 
nearly grinding to a halt between 2010 and 2015 despite some growth 
in the economy. During the 1980s this ratio grew by an average of 1.8 
per cent a year, itself not all that strong. But in the 1990s the annual 
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rate of change slowed by half to 0.9 per cent, then dropped to 0.3 per 
cent from 2000 to 2009. From 2010 to 2015, during the period of 
recovery, the rate of growth in the ratio of technical change all but 
vanished at 0.08 per cent a year. 

Looking further into the course of capital investments, we can 
see that investment in new ‘information processing’ and ‘industrial 
equipment’, as defined by the Bureau of Economic Analysis (BEA), 
has not taken the course techno-futurists’ predictions would suggest. 
Investment in both information processing and industrial equipment 
has fallen as a proportion of total equipment investment since the 
early 1990s, while that in transportation equipment has risen – no 
doubt as a result of the expanding logistics sector. Growth in invest-
ment in information-processing equipment was surprisingly slow, at 
an annual average of 2.4 per cent over the 23-year period between 
1992 and 2015. That in industrial equipment was faster at about 5.8 
per cent a year, but very little of this is digitally driven, robotic, or 
high tech in nature, according to descriptions in the BEA’s Handbook 
Concepts and Methods and as we saw above in the case of ‘Machinery’. 
The biggest gain came in transportation equipment which grew at 11 
per cent a year.47 Roberts also notes that growth in investment spe-
cifically in new technology has decreased in recent years. Economic 
Policy Institute figures show the same trend.48

Another common measure of the growth of technology and its 
application is that of the increase in occupational employment asso-
ciated with computerisation: the BLS category of Computer and 
Mathematical Occupations. This remains an above-average growth 
group, but this measure, too, has slowed to a crawl, from 12 per cent a 
year from 1983 to 2000 to 3 per cent from 2000 to 2014. The BLS pro-
jections on future occupational growth show a further decline in the 
annual rate of growth for computer and mathematical workers to just 
over 1 per cent from 2014 to 2024.49 Thus, by almost any measure, 
the advance of new technology in economic terms does not substanti-
ate the techno-futurists’ predictions. 

Given all the gains in technology these futurists describe, the 
mystery of this poor and declining performance lies in the volatility 
of the US and world-capitalist economies since the 1970s and the con-
tinuing problem of profitability. Profitability was not strong enough 
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and could not be sustained long enough under these circumstances 
to justify large and continuous investments in new technology of any 
kind. The problem was compounded by the rapid rise in corporate 
debt over these years. As a result, as Roberts argues, ‘this increase in 
debt means that companies must raise profitability or be forced to 
reduce investment in productive capacity to service rising debt’.50 It 
appears they have done the latter. Future investment in the US and 
worldwide auto industry, the major user of robots, is further limited 
by the persistence of global overcapacity in car and light-truck pro-
duction.51 Yet another indication that large-scale investment is not 
likely in manufacturing in the near future is the relatively low level 
of capacity utilisation, which has fallen from above 80 per cent 
in the 1990s to an average around the mid-70 per cent rate since, 
compared to the mid-to-high 80 per cent level of the 1960s.52 Short 
of an economic miracle, the pace of automation and the march of the 
robots in much of industry is likely to be bumpy and slow.

conclusion 

While the past is not always a reliable guide to the future, for there 
to be a substantial increase in investment in automation there would 
have to be a prolonged period of stable economic growth and rising 
profit rates. That has not been the case and is not likely to improve 
as the very slow and drawn-out recovery of the US economy since 
2009 shows. A prolonged period of stable growth would most likely 
require a catastrophic depression on the scale of the 1930s to clear 
the way for a new period of substantial growth through the massive 
destruction of older, less efficient assets. In all likelihood, it would 
also bring rising worker discontent and, at least, the possibility of an 
alternative. Should the alternative be postponed yet again, and a sus-
tained period of rapid growth bring on the rapid elimination of living 
labour from production via automation, advanced robotics, etc., the 
system would certainly face yet another crisis of profitability. 

For the techno-futurists, however, the massive productivity gains 
inherent in the rise of automation in its various forms would be the 
salvation of the system, the road to higher productivity and profits, 
though also the destroyer of employment. But technology, for all 
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the AI gains or improvements in robots, does not introduce itself 
to the factory or warehouse. It has to be introduced through actual 
investment that promises substantial increases in profit rates to the 
capitalists who advanced the money. The hope that that will materi-
alise on a scale big enough to bring about the robot revolution in the 
foreseeable future seems like the biggest piece of futurism of them all.
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8
Productive Power in Concrete Terms

Lightweight collaborative robots and  
their difficult beginnings

Sabine Pfeiffer 

To make it clear from the start, I will do my best to resist the temp-
tation of proclaiming a new variety of capitalism. The question of 
what is really new about capitalism in the digital age is not answered 
by a premature proclamation of a novel ***-capitalism on the basis 
of (often poorly understood) new technological phenomena. The 
analysis of concrete historical developments instead requires a glance 
at concrete manifestations in both labour and technology. And that 
is precisely what I shall attempt to do here, albeit while consciously 
confining myself to lightweight robots as one of the many technolog-
ical facets of what has been termed Industry 4.0 ever since 2011.

On the one hand, lightweight robots are generally quite technolog-
ically advanced and ready to use in practice these days; at first glance 
they resemble their old heavy relatives – large-scale industrial robots: 
much like them they are without humanoid features and mostly 
equipped with only one arm and several degrees of freedom (DOF). 
But they are much lighter and smaller. Lightweight robotics therefore 
offers, not least due to a far lower cost factor, new possibilities in both 
technical and economic terms. 

Referred to in marketing terms as ‘Cobots’ (collaborative robots), 
lightweight robots, on the other hand, have so much technological 
innovation to offer that they promise a new quality of interaction 
between humans and technology. Unlike their cumbersome prede-
cessors, they are equipped with highly sensitive, adaptive sensors 
and thus allow for deployment outside the safety fence area, which is 



Productive Power in Concrete Terms

121

mandatory for industrial robots. The much-cited ‘robot co-worker’ 
steps ‘out of the cage’ (or cell), and humans and robots – as goes the 
technological and marketing promise – not only coexist, but either 
share the same workspace alternately or sequentially (synchronisa-
tion), use this space together and simultaneously without directly 
processing the same component (cooperation), or indeed work on the 
same component at the same time (collaboration).1

That is to say, lightweight robots on the one hand allow for the 
expansion of the classic rationalisation approach (replacement of 
variable with constant capital) into industries and areas in which 
investment in large-scale industrial robots is uneconomical, such as 
low-tech serial production. When Marx notes that ‘[m]achine pro-
duction drives the social division of labour immeasurably further 
than manufacture does’, the lightweight robot in this sense allows for 
the increase in productive power of the ‘industry it seizes upon’.2 On 
the other hand, the lightweight robot promises, moreover, something 
Marx did not foresee in this way, namely the recovery, or new inven-
tion, so to speak, of the manufacture for capitalist use; the lightweight 
robot could in fact ‘increase the productive power […] to a much 
greater degree’3 in those areas where customised products are man-
ufactured in the smallest quantities and in such an immense variety 
that the ‘special skill of each machine operator’ – in contrast to the 
‘machine operator, who has now been deprived of all significance’ in 
large-scale industry – is expendable only to a limited degree.4

Considering its largely mature technology (in contrast to, say, AI) 
and this dual promise of productivity increase, lightweight robot-
ics really ought to have set out on a conquest across industries by 
now. And the product range is quite diverse, too: around 25 manu-
facturers offer lightweight robots that are ready for mass production, 
easily controllable and relatively cheap.5 What is more, around 86 per 
cent of companies surveyed by the German-language website www.
produktion.de in 2014 stated that they intended to invest in light-
weight robotics.6 This suggests that a boost in measures towards 
efficiency increase and rationalisation should be empirically ascer-
tainable. However, that is not the case. The heading of the following 
(and central) section of this chapter perfectly summarises the cur-
rent dilemma of lightweight robotics. We shall explore the causes in 



Sabine Pfeiffer

122

two steps: to start off, we consider the effects and interrelations of 
the distinct operational use regimes governing lightweight robotics. 
Subsequently, we analyse in more detail the specific option of col-
laboration associated with this approach to robotics. In doing so, we 
will show empirically and discuss theoretically the current develop-
ment of adequate use regimes for lightweight robots. To conclude, we 
seek to illustrate that what is qualitatively new is not only expressed 
empirically and in very specific forms, but that what can be observed 
(and the corresponding requirements) also harbours new contradic-
tions which a capitalist economic mode aiming at abstractification 
(in an economic sense) is increasingly struggling to solve.

more to it than meets the eye: on the difficult 
beginnings of lightweight robots 

The term ‘robots’ is increasingly used to describe highly diverse 
technologies – including those which do not process materials. In 
the following, lightweight robotics is understood as outlined above, 
that is, as resembling traditional robotics in the sense that the robot 
handles the movement of physical objects, with its productive use in a 
business context taking centre stage. So, we are dealing with a known 
subject matter – i.e. tested use regimes – with regard to the objec-
tive, the basic underlying technology and its areas of application. At 
the same time, lightweight robots represent a very recent novelty. In 
contrast to their heavy predecessors, they are marked by ‘harmless-
ness ensured through design or safety regulations’, intended to allow 
for their operation without separating safety guards and, precisely 
as a result thereof, for ‘scalable automation’ and a substantial contri-
bution to economic viability – especially given that they could also 
be used in many other industrial and non-industrial areas without 
safety fences.7 

The low investment costs allow for the introduction of familiar 
patterns of automation in areas which hitherto did not lend them-
selves to cost-effective automation – for example, (mostly) manual 
assembly involving small batch sizes with multi-variant packag-
ing, or manufactural production in various industries and closer 
to end-customer markets. Lightweight robots have not only been 
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technologically refined and applicable for some time, but can today 
be obtained at a price of less than 10,000 euros. Correspondingly, 
everything seems to suggest a wholesale proliferation, including the 
accompanying effects regarding work and employment. However, 
the numbers in this respect are scarce and, besides that, contradic-
tory.8 Studies on employment effects remain at the macro level.9 The 
few exceptions include a study based on the European Manufactur-
ing Survey (EMS),10 in which manufacturing firms were canvassed, 
as well as a study based on the occupational career data of workers 
in manufacturing.11 Both studies link up data of their own with data 
available from the International Federation of Robotics (IFR) on sales 
figures for robotics.12 Although the latter has more recently intro-
duced a distinction between industrial and service robots,13 the most 
current dataset available still indicates no figures pertaining to light-
weight robotics specifically. Each of these studies attests Germany’s 
top score in the global ranking of robot density (number of robots 
per 10,000 workers). Concerning the effects, however, there is little 
agreement: while some confirm an increase in productivity without 
any negative impact on employment,14 others suggest robotics 
deployment has a negative effect on wages,15 while still others hold 
robots responsible for a dramatic loss of jobs in the manufacturing 
industry.16 All the cited studies refer, not least due to the periods they 
cover, to the use of classical industrial robots up until the present. 
It thus remains an open question as to whether the findings can be 
transferred to the future as well as to lightweight robotics and its 
application, including in other areas. Historically speaking, it was the 
industrial robots whose widespread deployment made conveyor-belt 
manufacturing more productive than ever before.17 None of the cited 
studies leave any doubt about this; yet the distinct and partly con-
tradictory results nonetheless show that the effects of technology 
are not one-dimensional but depend on multiple concrete historical 
conditions – conditions which find expression in specific organisa-
tional forms of constant capital and in differing forms of use of variable 
capital in the respective enterprise. In the next section, we take a look 
at the current state of research on the application of robotics and the 
exact mode of implementation concerning work organisation and 
qualification.
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new challenges for operational use regimes 

From a technical point of view, ‘robot-based automation’, together 
with other technologies associated with Industry 4.0, is invoked as a 
new automation paradigm, putting the question about the relation-
ship between humans and machines in an entirely new light. ‘Will one 
half of the workforce “programme” the robots […] while the other 
half […] takes orders from them?’18 Although such a scenario is not 
really in sight yet,19 it certainly would entail considerable effects for 
qualification. One of the few studies on qualification in the context 
of lightweight robotics considers both an upgrading as well as a loss 
of expertise at the level of skilled workers a possibility, depending on 
the deployment scenario.20

The use of robotics in non-industrial areas – a clear advantage of 
the lightweight robot from the perspective of capital – could lead to 
very different qualification effects from those in the industrial sector 
with its concrete, historically developed automation stages, use 
regimes and skill profiles; for example, the deployment of robotics 
in surgery results in the emergence of a hyper-specialisation among 
only a very small group of surgeons.21 It appears, then, that any qual-
ification effects resulting from lightweight robotics depend on the 
specific existing operational use regime at a given workplace. 

The manufacturers of lightweight robots rely on user companies 
integrating them into their immediate production processes, which 
only occurs given the prospect of productivity effects. However, inte-
gration means finding specific solutions, solutions which require a 
certain (and, most of the time, new) interplay between variable and 
constant capital. The robot as a means of production cannot only 
be defined via the human–technology relationship: the relations of 
production must always be considered as well. Only when all this 
interlocks can a new use regime be established. Indeed, variable and 
constant capital represent analytical concepts, but they also always 
require a concrete historical expression. This was already the case 
with the first generation of large-scale industrial robots. In the wake 
of their introduction in the 1980s, a threefold work-organisational 
structure of variable capital emerged which has largely persisted to 
this day:
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The division of labor between workers assigned to robots is orga-
nized on three hierarchical levels: 1) programming (jobs for 
engineers and technicians); 2) setting, maintenance, routine cor-
rection of programs (jobs for the maintenance department); and 
3) feeding and minding of robots (jobs for production workers). 
The job structure reflects the traditional division of labor. Painting 
and Welding, which used to be skilled jobs, are now performed by 
industrial robots. Programmers and maintenance workers are the 
winners in the rationalization process; production workers are the 
losers. There is no mobility chain leading from level 3 to level 2.22

Then, as now, this non-mobility should have no factual basis, given that 
workers in production and maintenance in the German car industry 
for the most part are skilled manual workers (often with advanced 
training qualifications) and can therefore more easily advance to one 
of the levels listed based on their professional and experience-based 
knowledge.23 With regard to industrial robots, Windolf confirmed 
as early as the 1980s that the separation of skills and tasks depends 
exclusively on the respective form of work organisation and that the 
technologies that were new at the time were compatible not only with 
a rigid and hierarchical division of labour, but with other forms of 
allocating responsibilities in production too.24 

At first glance, it appears as if the question of qualification and work 
organisation could be socially organised completely independently of 
the respective technology in use, and is only restricted, if at all, by the 
relations of power and domination inside a given workplace. CNC 
programmers, for example, were initially recruited from a company’s 
own ranks instead of the labour market, once they were in increas-
ingly high demand from the 1980s onwards. They were for the most 
part skilled professionals who had completed advanced training to 
obtain a master craftsman’s certificate or become a technician, but had 
thus far not been employed in their relevant capacities. Apart from 
that, the fact that opportunities for promotion and advanced training 
in a capitalist enterprise are also always both an expression and a 
means of relations of power and domination applies on the shop floor 
as well. So far, so good – but the matter remains insufficiently clear 
for a more comprehensive analysis and too unspecific with regard to 
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robotics. After all, the question often omitted is whether certain tech-
nological settings simultaneously suggest certain forms of division of 
labour. Unfortunately, one result of the lasting controversy surround-
ing technology’s (non-)determination of the social dimension25 is 
that the concrete technological settings (that is, the concrete mani-
festation of constant capital) only rarely find their way into critical 
analysis. And that is the case even though there are those limitations 
and facilitations prompted by technology, factual requirements and 
almost inevitable path dependencies, which constitute an important 
(albeit not the only) explanatory dimension regarding concrete pro-
duction processes. Indeed, they are almost always inextricably linked 
to the economic conditions of their deployment, but that does not 
exonerate us from taking a closer look. Let us imagine this with regard 
to the example of the classic industrial robot. Given that the latter 
has to operate within a safety cage, there is only a limited number of 
examples of its operational deployment and design of variable capital 
that are similar to the use of other machines: the industrial robot, 
mostly used for joining/assembly and handling tasks, can thus be 
treated, in technical terms, just like the cutting machining centre or 
the remodelling press. In the metalworking manufacturing industry, 
the execution of the actual work steps therefore, since the 1980s:

a) occurs automatically in a closed safety corridor without, at least 
at this point, any immediate action by the worker;

b) requires sophisticated programming, which can usually take 
place in a spatially and temporally decoupled manner;

c) occurs, as per investment volume, in a large-scale machine park 
geared to high-volume output;

d) requires the capacity to change over to other variants while 
simultaneously ensuring a high number of variants;

e) necessitates, for technical-functional reasons, precise repeat-
ability and

f) for economic reasons, a minimisation of the scrap rate;
g) occurs in a complex production environment with multidimen-

sional influence quantities and dynamic tribological behaviour 
and must therefore constantly be protected from failure;
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h) can be realised without interruption in the long term only if pre-
scient and quick-response maintenance (mechanical, electrical, 
electronic, pneumatic, etc.) of the most diverse sub-compo-
nents is ensured; etc.

This list could be further extended and specified in more detail, but 
what it illustrates, above all, is that the structure of work organisation 
and qualification26 observed during the 1980s can be understood 
neither outside the context of a capitalist-constituted factory, com-
prising all the elements of the ‘faster-higher-further’ principle, nor 
without any consideration of the given technical-functional con-
ditions. This kind of manufacturing can be realised in the most 
productive way, and with the utmost minimum share of variable 
capital, on the basis of (just a few) relevant and broadly skilled labour 
forces (the three-year professional-technical training serving as the 
institutional basis) and well-established forms of division of labour 
with regard to control, maintenance and programming (which, 
depending on the specific context, may require less or more addi-
tional operative or professional training and skill).

collaboration as complete renewal? 

These operational use regimes of variable and constant capital estab-
lished for economic and technical-functional reasons may be typical 
of large-scale industry, but they are anything but exclusive to large 
industrial robots. If we go by the marketing messages of the manu-
facturers, however, the above-mentioned generic characteristics can 
now be overcome. The lightweight robot:

a) can leave the safety zone and work together with humans in the 
same workspace, executing the same work steps and processing 
the same component simultaneously;

b) requires no sophisticated programming and can therefore be 
operated by non-skilled staff as well;

c) requires only minor investment.
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The lightweight robot should thus have set out on its – empirically 
ascertainable – conquest by now, seeing as countless areas that have 
thus far not lent themselves to automation could now be profitably 
automated. Added to this – and this is precisely why I concentrate 
on this technological facet of ‘Industry 4.0’ here – is the fact that we 
are dealing, despite all novelty, with a sophisticated and viable tech-
nology which has completed its testing stage and can be bought ‘off 
the rack’. And yet, this conquest has so far failed to materialise; this is 
obvious from a glance at these three dimensions alone: collaboration, 
programming and investment: 

– Collaboration beyond the safety zone. The model that can be 
ascertained empirically to prevail for the time being is that of coex-
istence,27 in which humans and the cage-free robot work next to 
one another yet do not share the same workspace. The variants 
of human–robot cooperation presented above, which intend for a 
shared workspace, can rarely be found in practice. And this is all the 
more true for the most elaborate form of division of labour between 
robots and humans: collaboration. But this would be the actual rev-
olutionary novelty, because the processing step here is executed 
on the same component simultaneously by the human worker and 
the robot. By comparison: the major productivity advancement 
in the shift from the conventional to the programmable pro-
cessing machine (regardless of whether via punch card or CNC, 
or whether programmed in the workshop or pre-programmed 
during work preparation) consisted precisely of the temporal and 
spatial separation of man and machine. The conventional machine 
tool still required a rather active operation and direct control by 
humans, therefore creating strong reliance on the latter. Only after 
the separation of machine and human action through the program 
sequence did a new rationalisation phase set in; only then could 
several machines be controlled by a single person and only because 
of this could variable capital be replaced on a large scale. Moreover, 
it was only then that the above-described triad of operation, pro-
gramming and maintenance was established. Although it may 
have been the vision of collaboration associated with lightweight 
robots that inspired the marketing neologism ‘Cobot’ (merging the 
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terms ‘collaboration’ and ‘robots’), this is precisely what is absent 
in practice. This is exemplified by the head of development at a 
lightweight robot manufacturer, who asked during a group discus-
sion: ‘Now, everyone here is an expert. What I’d really like to know 
is if anyone can think of a situation in which a human and a robot 
really work together simultaneously on the same component? We 
have poured millions into the development of our [robot name], 
but these cases of application do not exist. Nobody needs it, am I 
right?’ The sales manager at another manufacturer summarised his 
experience in sales: ‘We should never have used the term Cobot, 
because you raise completely false expectations among manage-
ment. They think they buy it, place it in the production facility, 
and then cooperation simply takes off. But far from it. Next thing 
they are desperately looking for suitable applications.’28

– Easy programming. A distinction is made between classic pro-
gramming and programming ‘through demonstration’ in which 
the robot is ‘taught directly or indirectly through intuitive input 
methods’.29 On the one hand, it is usually the easy operation of the 
new robots that is advertised, as it no longer requires any program-
ming skills but is limited to mere guidance of and ‘demonstration’ 
for the robot (the so-called teach-in).30 On the other hand, it is 
often doubted as to whether this can be set at the level of skilled 
work, although it certainly requires substantial advanced training. 
We find an astonishing contradiction here: if programming is 
so simple that it is not even referred to as such anymore (that is, 
no longer in terms of geometrical and processing commands in 
a mostly manufacturer-specific script language), then it should 
not constitute a problem for modern metalworking and electrical 
professions. After all, CNC programming of processing machin-
ery – thus far considered to be somewhat complex – has been 
firmly included in the training curriculum since the metalwork-
ing professions were first reformed in the 1980s. What is far more 
important than the robot’s programming in terms of position-de-
fining commands is what the robot is supposed to do. This applies 
to the big industrial robot as much as to its lightweight brother. Just 
as the programming of an industrial robot for spot-welding along 
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the geometry of a vehicle body cannot be successful without the 
skilled and experience-based knowledge about inert gas welding 
or the materials of the parts to be welded, the lightweight robot 
also requires more general and, depending on the place of deploy-
ment, skilled knowledge than simply that of its correct positioning 
(for example, regarding the sense and nonsense of certain assembly 
or packaging requirements and step sequences). This is where the 
real – but also, at the level of skilled work, non-critical – chal-
lenge lies, including for lightweight robotics: there is no problem 
when it is used in areas involving the metalworking and electrical 
professions, but when the new robots are deployed outside these 
industries, various problems become apparent. 

– Investment. The indicated intentions behind the investment in 
lightweight robots include primarily an increase in cost effective-
ness, alongside, of course, an improvement of ergonomics and the 
testing of innovative technologies. However, the payback periods 
have proven in practice to be far longer than is the case with 
classic automation.31 Brynjolfsson et al. consider this to be typical 
of so-called general-purpose technologies (GPTs), i.e. technologies 
such as AI or robotics, deployable for the most diverse applica-
tions.32 In their view, earnings and productivity resulting from the 
introduction of these technologies are lower than expected during 
the first years, with a considerable increase setting in only at a 
later point – because a large part of initial investments are needed 
not for the actual acquisition of the means of production, but for 
the required ‘intangibles’ (meaning the costs for the redesign of 
business processes associated with these technologies, the co-in-
vestment in new products and business models, and investment 
in ‘human capital’, all of which is difficult to quantify economi-
cally). That is to say, what is needed is a large quantity of variable 
capital in order to redeem the general-purpose promise and turn it 
into profitable, constant capital. When speaking to experts from 
the industry, two patterns pertaining to the issue of investment 
become apparent. On the one hand, the buying intention is often 
voiced in the sense of a ‘me too’ decision, as the expert at one of 
the manufacturers reported: ‘Our [robot name] is, of course, often 
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purchased by top management or the managing director. He might 
have seen it at a business fair and his golf buddy also already has 
it, and then he wants to have one as well. At times, it really is a 
question of status, while the question of whether it makes sense 
economically turns out to be secondary.’ An engineer recounted: 
‘Well, and then the thing was there, and the aim was to do some-
thing presentable with it at all costs, if possible, something for the 
improvement of ergonomics, to boost acceptance and so forth. The 
final result of it all was something that could have been achieved at 
a far lower cost and much earlier with conventional handling auto-
mation.’ A study by the Fraunhofer Institute of Labour Economy 
and Organisation (IAO), which surveyed 25 cases of application, 
found that the costs for deployment without a safety fence were 
higher than originally expected in all cases.33 

In sum, the simpler and more intuitive programming of lightweight 
robots, as well as the collaboration options and low investment costs, 
provide options for saving on variable capital which could previously 
hardly be realised to this extent. The failure of this realisation thus far 
could be interpreted as a transitional phenomenon or a symptom of 
mismanagement. And both may indeed be true, but this alone does 
not explain the gap between the productivity promise and its non-re-
demption. The failure of the novelty thus far, firstly, is quite obviously 
not due to the actual means of production and their material spec-
ificity as artefacts. Nor is it caused, secondly, by the lacking or 
incompatible skills of workers. To conclude this chapter, we will seek 
a more elaborate explanation.

the failure of the new use regimes  
on the shop floor 

Another explanation could be that the capital unit applying the 
product has been fooled by the manufacturers’ promise of productiv-
ity increases and therefore (and because of the frenzied digitalisation 
discourse) did not calculate the factual and economic viability of 
the lightweight robot in sufficient detail beforehand. In fact, Marx 
already described machinery as a ‘superior competitor’, a ‘power 
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inimical to [the wage earner], and capital proclaims this fact loudly 
[…] as well as making use of it’; one could write an entire ‘history of 
the inventions made […] for the sole purpose of providing capital 
with weapons against working-class revolt’.34 Capital is surprisingly 
successful at proclaiming the new technologies via the discourse of 
digitalisation and Industry 4.0,35 while the press uncritically adopts 
the manufacturers’ marketing lines.36 But capital is far less success-
ful at handling said technologies. The fact that this is the case even 
with lightweight robotics – although there are far fewer technological 
obstacles here than with regard to other Industry 4.0 technologies – 
demands further analysis. The marketed killer application concerning 
lightweight robotics is the capacity for collaboration, for the direct 
cooperation between humans and robots. Marx sees the use of coop-
eration as one essential element of capitalist production: ‘Not only 
do we have here an increase in the productive power of the individ-
ual, by means of co-operation, but the creation of a new productive 
power, which is intrinsically a collective one.’37 Marx distinguishes 
between two types of cooperation, which peculiarly remind us of the 
distinct forms of cooperation between humans and robots described 
above, but, at the same time, precisely do not describe the interac-
tion between an individual human being and an individual artefact: 
in simple cooperation, two equals are grouped after or next to one 
another,38 while in combined cooperation in a more complicated 
labour process, by contrast, ‘the sheer number of the co-operators 
permits the apportionment of various operations to different hands, 
and consequently their simultaneous performance. The time neces-
sary for the completion of the whole work is thereby shortened’; the 
result is a ‘restriction of space and extension of effectiveness’.39

Apart from these generic, abstract remarks, Marx also makes it clear 
that the increased productivity of such a combined working day can 
have very different underlying causes, be it the exponential mechan-
ical enhancement of labour power, or the possibility of setting ‘at the 
critical moment […] large masses of labour to work’, exciting ‘rivalry 
between individuals and [raising] their animal spirits’, or be it the 
ability to ‘[impress] on the similar operations carried on by a number 
of men the stamp of continuity and many-sidedness’, or be it to econ-
omise the means of production through their ‘use in common’ and, in 
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doing so, to lend ‘to individual labour the character of average social 
labour’ – all these possibilities, according to Marx, arise ‘from co-op-
eration itself ’.40

This is precisely where an immanent obstacle emerges for the 
lightweight robot: only at first glance and when clinging to the 
term ‘collaboration’ could it be interpreted as a new stage of, say, an 
expanded cooperation based on the division of labour. In that case, 
however, it should be possible for it to be more easily integrated 
into the labour process. After all, the lightweight robot encounters 
a certain state of the ‘development of machinery’ which, according 
to Marx, arises ‘only when large-scale industry has already attained a 
high level of development and all the sciences have been forced into 
the service of capital, and when, on the other hand, the machinery 
already in existence itself affords great resources’.41 This takes us to 
the very essence of the matter and thus to my first thesis: The coop-
eration that has developed in capitalism thus far, in all its different 
varieties – in its most developed production forms of current large-
scale industry – has reached the limits of its economisation.42 This was 
demonstrated, in terms of work organisation, by the limits of erst-
while Taylorism and the various responses by Toyotism (from lean 
production via holistic production systems to agile production). And 
it is also apparent, regarding the means of production, in the sluggish 
introduction of the lightweight robot. 

My second thesis is therefore that the lightweight robot, in its col-
laborative form of use, does not constitute an economic step forward 
for the highly automated and highly subdivided forms of cooperation 
of today’s large-scale industry in the developed capitalist countries, as 
this form of cooperation based on the division of labour, historically 
built up over long cycles, is ultimately unable to integrate any man-
ufactural individual cooperation (even when it takes place between 
man and machine).

The lightweight robot, by contrast, would – and this is the third 
thesis – fit perfectly into the setting of individualised and custom-
ised, as well as decentralised, on-demand production. The latter is 
often posited as the future counter-model to mass production: it is 
implied that currently, in the car industry, only one type of car can be 
manufactured in serial production, whereas an increase in custom-
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ised products is allegedly only possible based on Industry 4.0 in the 
future. This juxtaposition, then, ignores the developments over the 
last decades towards modularised and customer-specific serial pro-
duction. Correspondingly, a single manufacturer today provides a 
selection of around 1,032 vehicle outfitting and equipment variants;43 
and, even today, each individually ordered vehicle is identifiable and 
specifically manufactured. This goes to show that on-demand pro-
duction would absolutely be possible today, at least in technical 
terms, but it would mark a break with the dominant economic logic. 
More specifically: it would have a negative impact on performance 
indicators, i.e. the financial ratio pertaining to plant productiv-
ity. If an insufficient number of specific customer orders are placed, 
special models are later produced in larger batches and elaborately 
marketed in order to keep the means of production running. Either 
way, whether in today’s production form of mass customisation or any 
other individualised or personalised form, on-demand production 
would be technically feasible and ecologically highly recommendable 
without question – but it is viable only in certain niches, as it con-
tradicts the principles of a capitalist economy doomed to grow (and 
engender overproduction). Production would only occur once the 
concrete use value for an individual product is specified. The situ-
ation is quite similar with regard to the possibilities associated with 
lightweight robots, which could improve ergonomics and facilitate 
the realisation of age-appropriate and, more importantly, clock-in-
dependent production. Yet what is important here, too, is that often 
enough there are already other technical possibilities to achieve this 
– if only the quality of work were to take top priority in decisions 
concerning investment and the deployment of technology. However, 
most of the time it is only a deduced factor, or an item negotiated in 
conflicts around the arrangement of work, not the principal determi-
nant. Qualitative aspects related to the environment and living labour 
could be improved today or tomorrow – and could have been in the 
past – but there is no automatism here, for any qualitative concerns 
contradict the dominant economic logic and are usually only imple-
mented when they can be realised in a cost-neutral way. Indeed, it 
cannot be ruled out that the potential of collaborative lightweight 
robots for an expanded form of cooperation may be used in an eco-
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nomically viable way even within the capitalist logic. However, that 
would require – and this is the fourth thesis – that capital identify 
the concrete potential provided by the interplay between a specific 
constant capital and existing constant and variable capital. The light-
weight robot does not develop its potential endogenously, but only 
in an innovative and often entirely newly configured interplay with 
existing technology and processes – frequently even linked to design 
changes at the product level. Finding solutions for this requires a 
well-attuned team of specific living labour (say, of design engineers 
in research and development together with automation specialists 
in engineering, and experienced skilled workers in production and 
maintenance). In those industries in which this concrete histori-
cal formation of living labour exists as a result of a 150-year-long 
history of development, this requirement, given the low investment 
volume associated with lightweight robots, is often not even consid-
ered in strategic terms and its specific impact is underestimated. In 
other possible areas of deployment, such as logistics or trade, pre-
cisely these manifestations of living labour are lacking. In both cases 
– and this is true in one way or another for many of the new tech-
nologies associated with Industry 4.0 – the management oriented 
towards the exchange value side underestimates the significance of 
living labour for innovation. One solution to this dilemma – and 
one that is inherent in the capitalist logic and thus not impossible 
– would be the establishment of a business model which addresses 
precisely this dilemma. Already, some small consulting firms and 
start-ups are offering to serve as ‘integrators’ for lightweight robots 
along these lines. In other words: capital can utilise the use-value 
side of its variable and constant capital and, on this basis, repeatedly 
and incrementally optimise the exchange-value side. But it has great 
difficulty in understanding the use-value aspects of both resources 
sufficiently to develop a strategic and innovative use that would go 
beyond the existing logic. For this to happen, invention has to become 
‘a business, and the application of science to immediate production 
itself becomes a factor determining and soliciting science’.44 That is 
to say: the lightweight robot as individual constant capital is useless; 
what is needed first is a qualitatively new form of (and, for a tran-
sitional period, quantitatively more) use of human labour power in 
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order to create the environment for its surplus-value creating deploy-
ment (at that point, on an altered technical organisational basis). 

Ultimately, the statement from the Machine Fragment ought to be 
taken seriously, according to which, along with the development of 
large-scale industry, ‘immediate labour as such ceases to be the basis 
of production. That happens because, on the one hand, immediate 
labour is transformed into a predominantly overseeing and regulating 
activity.’45 According to Marx, then, it is not the appropriation of alien 
labour that ends, but only its form of direct productive activity. This 
phrase could be complemented, with regard to highly automated 
and networked production, to include my fifth thesis: While the 
quantitative significance of variable capital decreases, its qualitative 
significance for the implementation and guarantee of the lasting 
productivity of the process as a whole increases. And the significance 
of human labour increases not only for ensuring existing production, 
but also for the constant restructuring (in terms of planning, 
networking, reorganisation) of the process as a whole. This may even 
lead to a heightened quantitative demand for human labour power 
in the correspondingly required special qualifications, at least for a 
transitional period – a transition which would unlikely be a quasi-
automatic shift from capitalism to some kind of post-capitalism, but 
rather from the existing use regime of constant and variable capital to 
a new one within capitalism.

Friedrich Krotz conceives of robots dialectically as a ‘technically 
produced species in an ambivalent relationship with the human 
species’, for they are ‘on the one hand, subordinate actors and, on the 
other hand, simultaneously actors who compete with humans, insofar 
as they follow orders and fulfil tasks while at the same time issuing 
instructions and demanding the completion of tasks’.46 This is not 
a new development either. It is not the artefact – for Krotz, the (i.e. 
all?) robot(s), or the lightweight robot in this chapter – that is inter-
esting from a critical Marxist perspective, but rather the question as 
to whether it can be linked to a new leap in productive forces. The 
latter, however, involves much more than what occurs in immedi-
ate production. If the actors who are dominant in that context do 
not sufficiently understand the specific potential of technology and 
human labour capacity, if new use regimes between variable and 
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constant capital fail to materialise there, that would mark a new 
threshold. The potential for a leap in the development of the pro-
ductive forces towards a more ecological, decentralised on-demand 
production remains stuck in an irresolvable contradiction vis-à-vis 
the resource-depleting and resource-wasting logic of an extended 
large-scale industry in an exchange-value-oriented economy. It will 
not be the robot overlords who drink Champagne in Davos in the 
future.47 Moreover, in the words of David Harvey, given the tech-
nological change, the question remains (and produces increasingly 
dramatic and long-term impacting answers): ‘who gains from the 
creation and who bears the brunt of the destruction?’48
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9
Drones, Robots, Synthetic Foods

Digitalisation in agriculture

Franza Drechsel and Kristina Dietz

‘The Brain’ controls everything: how much fertiliser or water is 
needed by which lettuce head and when; at what time and into which 
container it should be re-potted; where each robot is currently located 
and where it is needed more urgently; as well as when the lettuce is 
to be packaged and how long it is edible for. ‘The Brain’ – a nickname 
given to the computer programme that oversees it all – is in use at an 
indoor farm in California run by agritech start-up Iron Ox. It renders 
human labour almost redundant, ensures economical use of water, 
energy and nutrients, guarantees efficient production in a small area 
and ensures a fresh daily supply of healthy heads of lettuce.1

Iron Ox’s ‘Brain’ ties in with a narrative of digitalisation in agri-
culture that is currently becoming dominant in discussions about 
the future of food production. Three central elements form its core: 
digital technologies increase efficiency and productivity on fields 
and in stables; they guarantee resource-efficient, sustainable and cli-
mate-neutral production; and they contribute to prosperity in rural 
zones. In sum, the implication is that the digitalisation of agricul-
ture can simultaneously tackle the global food crisis, the ecological 
crisis in the agricultural sector, and the social crisis in marginalised 
rural areas. In this sense, agriculture hardly differs from industry and 
trade. Digitalisation promises revolutionary productivity increases 
in all areas, new valorisation opportunities and more prosperity as 
the result of necessary but ‘manageable’ adjustments in the world of 
work. In terms of real facts, however, little is actually known beyond 
these promises. In which areas is the digital revolution in agricul-
ture to take place, and where is it already occurring? Which effects 
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do digital technologies have on the relations of production in agricul-
ture and on the relationship between human society and the natural 
world? Where do the contradictions of digital agriculture lie, and 
where are the starting points for political intervention?

These are the questions we intend to address in the following pages, 
both from a global perspective and under consideration of structural 
inequalities. Our aim is to identify current tendencies in the process 
of digitalisation, illustrate them based on a number of selected 
examples and assess their potential effects. We argue that the intro-
duction of digital technologies will not fundamentally change the 
dominant modes and relations of production in agriculture. Instead, 
what can be expected is an intensification of those structural changes 
which have characterised agriculture since the neoliberalisation of 
the sector: concentration and centralisation, social differentiation 
and increasing global inequalities. Moreover, the ecological contra-
dictions of conventional agriculture are just as inherent in digital 
agriculture.

To start off, we present our theoretical framework, which is based on 
historical-materialist approaches to the analysis of capitalist develop-
ments in agriculture and political ecology. Subsequently, we examine 
the crucial areas in which the digitalisation of agriculture is taking 
place and describe, based on specific examples, the current state of 
developments. This is followed by an analysis of the expected conse-
quences for relations of production and society–nature relations. In 
the concluding summary, we discuss the contradictions of agricul-
tural digitalisation and identify starting points for their politicisation.

the agrarian question and the political  
ecology of agriculture

In order to analyse the impact of digital technologies on the pro-
ductive forces and relations of production in agriculture, the first 
question to be addressed is that of the general development of the 
capitalist relations of production in agriculture. In political economy, 
this is referred to as the ‘agrarian question’. It encapsulates discus-
sions about how the transition to capitalism takes place in agriculture 
and how important agriculture is for capital accumulation. While 
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capitalism had successfully pervaded almost every area of agriculture 
in western Europe by the twentieth century, the question remains 
today as to how this process occurs in rural societies marked by 
small-scale farming, i.e. relations of production often understood as 
pre-capitalist relics.2 

As a general rule, the development of capitalist relations of pro-
duction in the agrarian sector can be gauged by three characteristics: 
the degree of incorporation into national and global markets, the 
emergence of wage-labour relations in agricultural production, and 
capitalist relations of ownership of the means of production (land, 
seeds, etc.). Judging by these characteristics, global agriculture is cur-
rently marked by diverging production forms which differ in terms 
of labour productivity and relations of production.3 

In the Global North, that is in western Europe, the United States, 
Canada and Japan, agriculture is organised almost entirely along 
capitalist lines; this is expressed, among other things, by the market-
adequate ownership structures. Only enterprises that can assert 
themselves vis-à-vis others on the market succeed in ensuring access 
to and ownership – and, if need be, expansion – of the land necessary 
for agricultural production, whereas all others disappear. The 
decrease in absolute numbers of productive farms and agricultural 
holdings over the course of the twentieth century in Europe – in West 
Germany referred to by the term ‘Höfesterben’ (which translates as 
‘death of (small) farms’) – as well as the rise in average land ownership 
per farm (land concentration) support this argument.4 Cultivation 
takes place predominantly in an automated, capital-intensive form 
and requires only little human labour power. Similarly, in Latin 
America, Africa and Asia, an agricultural sector has been established 
over the past decades that also fits this description. Specialising in 
the export of soybean, meat, crops, palm oil, citrus fruits, etc., this 
sector contributes – due not least to cheap production conditions 
(particularly regarding wage costs and climatic conditions) – to the 
supply of ‘cheap’ and non-seasonal foods and animal feed as well as 
biofuels to world markets. This export-oriented agriculture is both 
capital- and land-intensive and is continuously expanding. The 
social consequences include a rise in unequal land ownership, the 
displacement and dispossession of small-scale farmers and fewer work 
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opportunities in rural areas. Despite these tendencies, smallholding 
agriculture – a labour-intensive and often hardly mechanised form of 
agricultural production – constitutes the central source of subsistence 
for the majority of the rural population in the Global South. The bulk 
of foodstuffs worldwide continues to be produced by small-scale 
farmers in accordance with market conditions and requirements. 
Continuing commercialisation and the expansion of agro-industrial 
production complexes aside, small-scale agriculture has consolidated 
in recent decades. We argue that the ‘agrarian question’ and associated 
structural differences must serve as the starting point for an analysis 
of the effects of digitalisation in agriculture. 

For the analysis of the ecological contradictions pertaining to 
the digitalisation of agriculture, we draw on insights from politi-
cal ecology.5 From this perspective, ecological crises in agriculture 
are not the result of mismanagement, efficiency deficits or a lack of 
modern technology. Ecological crises are instead considered inherent 
in the capitalist mode of production and linked to the social relations 
of power which support them (regarding class, gender and race). 
Hence, the ecological crisis becomes a question of distribution. 

Similar to eco-Marxist considerations concerning the relationship 
between nature and capital, political ecology assumes that nature 
possesses certain material properties, that is to say, a specific materi-
ality. The process of capitalist reproduction relies on this materiality. 
The natural world cannot be infinitely appropriated, technologically 
subjected or manipulated at will. When this is attempted regard-
less, the material properties, such as soil fertility or the capacity of 
plants to absorb CO2, manifest themselves as ecological crises. Elmar 
Altvater demonstrated the link between ecological crisis and capi-
talist reproduction in the late 1980s.6 His point of departure was the 
Marxist notion that capitalist production is both a labour and valori-
sation process, and that both processes are set in tense relation to one 
another. The purpose of capitalist production consists not in the pro-
duction of use values, but in the production and realisation of surplus 
value. Consequently, the capitalist mode of production is in a highly 
contradictory relationship with the specific properties of nature. This 
is apparent particularly in capitalist agriculture: no other previous 
mode of production matches the extent to which it transforms nature 
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(soils, etc.) and the degree to which it develops the productive forces. 
In material terms, it is utterly dependent on nature and harnesses 
its special properties (soil fertility, photosynthesis, metabolisms) in 
order to create new needs and develop new products and technolo-
gies to satisfy them. At the same time, it entails an abstraction from 
these dependencies, that is, it is indifferent vis-à-vis the spatiotempo-
ral and biophysical characteristics of nature.7

the domains of digital agriculture:  
hardware, ‘software’, fintech

Current developments indicate three central areas of digital transfor-
mation in agriculture: hardware, ‘software’ and financial technology.

Hardware

The term hardware in digital agriculture refers to machines, drones 
and robots. Machines possess autonomous propulsion technology but 
are operated by humans despite partly automated processes. Drones 
are remote-controlled aircraft (or watercraft) without passengers. If 
they are able to move autonomously, they are classified as robots. The 
latter are characterised by the fact that they are computer-controlled, 
or programmed, i.e. that they act without any direct human oper-
ation. Some are equipped with Artificial Intelligence (AI) and thus 
capable of learning. 

The deployment of machines in agriculture is, of course, nothing 
new. Wherever machines are in use, they are usually controlled by 
humans. In the future, this is to change. World market-leading agri-
cultural machinery manufacturers John Deere (USA), CNH (UK), 
AGCO (USA) and Kubota (Japan) have already developed autono-
mous, driverless tractors.8 They will plough by themselves, decide 
independently which seed is to be sown when, which fertiliser and 
pesticide a plant is to be treated with, how much irrigation it needs, 
and when it is to be harvested. This requires a corresponding infra-
structure (large cultivation areas, roads, workshops, petrol stations) 
as well as suitable crops that are compatible with automated sowing, 
planting and harvesting; for example, wheat, corn and soy. The har-
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vesting of coffee, bananas or cocoa, then, will likely continue to be 
performed by hand.

In industrialised agriculture drones are deployed in and on water 
and in the air. They monitor farmed plants for pest or fungus infes-
tation, produce aerial photos for mapping purposes or conduct plant 
pollination as roboticised bees. In Japan, one third of rice cultiva-
tion is monitored by aerial drones, while cattle farmers in Australia 
are experimenting with drones to herd their livestock. In Malaysia 
and Indonesia, drones are used for the surveillance of workers on 
oil palm plantations. The use of aquatic drones appears particularly 
promising in deep-sea fishing, where they drive fish into the nets 
autonomously, or repair and monitor mobile fish cages.9 Robots are 
already in use at other stages in the supply chain. They substitute for 
human labour in produce cultivation (see the example of Iron Ox), 
assist in the periodic repositioning of beer barrels, package and label 
vegetable produce, mix cocktails or fry burgers.10

The essential aspect of said hardware is that it is equipped with GPS 
systems and sensor technologies through which it not only receives 
programmed instructions but also translates all work processes and 
other relevant information into data. Data on soil conditions and pho-
tosynthesis, climate and weather conditions, and on workers’ travel 
and break times are linked up with satellite information, combined to 
create key indicators and stored on data platforms. They are available 
to both the agricultural producers and the equipment manufactur-
ers. To the former, they allow for a timely and targeted intervention 
– say, in the case of infestation, drought or nutrient deficits – and the 
surveillance of work. The latter receive constant feedback on the per-
formance of their systems and learn how they can optimise them.

‘Software’

In contrast to the hardware, consisting of machines, drones and 
robots, the new digital genetic engineering technologies and syn-
thetic biology (SynBio) constitute the so-called software of digital 
agriculture. While the production of genetically modified seeds in 
the past required the complicated insertion – with a high error rate 
– of the genetic sequence of one plant into the genome of another, 
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today genomes can be split into sequences, cut up and recomposed 
in a targeted manner in what is called computer-based genome 
editing.11 This way, new plant varieties, which are more resistant 
against pests, aridity or heat, produce more fruit, contain more oil or 
develop specific flavours, are created at the click of a mouse. Genome 
editing allows not only for the breeding of plants: disease-resistant 
pigs or cattle that develop more muscle mass can also be genetically 
designed. In July 2018, the European Court of Justice decided that 
these new procedures should be grouped together with conventional 
methods of genetic engineering. Genetically modified meat or fish 
products are therefore not yet approved in the EU, but in Canada and 
the United States the sale of genetically modified salmon is already 
permitted.12

SynBio techniques make it possible to artificially produce food, 
tissue, scents and flavourings using yeast and algae.13 This in turn 
allows for a reduction of both climate-related risks to production 
and the dependency on labour-intensive production processes, as, 
for example, in the production of vanilla. The extraction of natural 
vanilla is based on a labour-intensive process of growing and fer-
menting the pods of the vanilla plant or wood pulp. In comparison, 
artificial vanilla flavouring that is almost identical to the original can 
be produced in a lab using yeast DNA and costing very little.14 Syn-
thetic food production, however, is not limited to flavourings. The 
American agribusiness Cargill is investing in the development and 
marketing of meat cell cultures for burgers. The ‘Impossible Burger’, 
which is produced using genetically modified yeast, is already avail-
able in US restaurants.15

FinTech: transactions via blockchains

A third area of digitalisation that is significant for the entire supply 
chain is that of financial technologies (FinTech), such as cryptocur-
rencies or blockchains. Blockchains are technical procedures for the 
swift, network-based handling of trade and financial transactions. 
They consist of chronologically organised chains of data units, the 
so-called ‘blocks’. Blockchains can be used in multiple ways in agricul-
ture: contracts, seed databases or land registries can all be managed 
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digitally via blockchains. Companies along the agricultural supply 
chain can use blockchains in order to accelerate the production, pro-
cessing and transport of certain foods through direct, digital access 
to consumer data. For example, if a supermarket is running low on 
soy yoghurt, it can input this information into a blockchain, which 
then leads, without any further communication, to the soy producer 
increasing production. The blockchain will ensure that the transport 
vehicles are available at the right moment to take the soy to the already 
informed processing plant. As soon as the yoghurt is produced, the 
trucks are once again on standby to take the product to the respec-
tive supermarket. At no point is there any need for direct contact, as 
quantities, prices and deadlines are all digitally communicated via 
the blockchain. Blockchains are supposed to lower transaction costs 
and reduce delivery times and food waste. Such procedures are also 
interesting for small-scale producers. Using blockchains, subsidies 
can be directly transferred and products marketed without interme-
diaries, as long as there is an internet connection and an adequate 
technical device available.16

the effects of digitalisation 

The impact of digitalisation on the relations of production in agri-
culture and the relationship between human society and the natural 
world can thus far only be discerned to a certain extent. There is some 
indication of a continuation of the neoliberal structural changes that 
began in the 1970s on the back of green technology, except that the 
control of data as a power resource is gaining in importance. As a 
result, work processes change and concentration processes increase 
without the ecological contradictions being resolved.

Work and employment relations

One aim of political funding for the digitalisation of agriculture is 
to create new sources of income and increase prosperity in rural 
contexts. Indeed, according to the common assumption, automation 
will likely eliminate jobs, but simultaneously create new, high-skill 
jobs, too. According to the Food and Agriculture Organization of 
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the United Nations (FAO), half the world’s population lives in rural 
regions and the majority is employed in agriculture,17 with income 
diversification increasingly becoming the norm. The rural working 
class is composed of people who combine different forms of labour in 
order to secure their livelihood: mostly informal and seasonal labour 
in agriculture, self-employment in a family-run agricultural business, 
informal work in the service sector, etc. Apart from the material basis 
as such, the reproduction options for this group are fragmented by 
differences along the lines of gender, ethnicity, religion, caste, etc. 
Opportunities on the already precarious rural labour market are not 
distributed equally, and increasing digitalisation will not change this 
either.18

One of the central developments in capitalist-organised agriculture, 
apart from the separation of farmers from the means of production 
(land, seed, etc.), is the mechanisation and automation of the labour 
process, i.e. the replacement of human labour by machines. In the 
past, this was one of the main reasons for the increase in labour pro-
ductivity in agriculture. Seeing as labour is already highly automated 
in the Global North, digitalisation will do little to change existing rela-
tions here. The situation in the Global South, however, is different. 
Here, structural change in rural labour markets as a result of further 
mechanisation is likely. This is evidenced, for example, by the gradual 
mechanisation of harvesting in the Brazilian sugarcane sector since 
2007.19 The deployment of sugarcane harvesters rendered the work 
of those who used to secure their income through sugarcane cutting 
redundant. This particularly affects low-skilled agricultural workers. 
At the same time, new (albeit few) jobs have been created for drivers, 
mechanics, etc., which, however, are only rarely performed by those 
who previously worked as manual labourers in sugarcane harvesting. 

Moreover, work processes as such are being altered through dig-
italisation: those who control the machines are in turn monitored 
and controlled by them. Drones monitor workers on oil palm planta-
tions; harvesting machines in the sugarcane sector record how much 
each worker has harvested over which period of time (and how many 
workers there were), and when (and how often) they took a break 
or were slower than others. Digitalisation serves, above all, the sur-
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veillance, standardisation and acceleration of work, resulting in a 
reduction of the autonomous action scope of workers worldwide.20 

Similarly, digitalisation also affects the labour of self-employed 
small-scale farmers, especially when labour-intensive small-scale 
production becomes redundant as a result of genetic modification 
and synthetic production methods. During the 1990s and 2000s, 
genetic research on rice triggered major protests: Thai jasmine rice 
accounted for a large share of fragrant rice imported to the United 
States. Patented genetic modification was to make it possible for this 
type of rice to be cultivated in the United States. These plans have 
not been implemented thus far, but could potentially cause 5 million 
small-scale farmers in Thailand to lose their livelihood if rice cultiva-
tion is no longer economically viable.21

Concentration processes and dependencies

Another promise of digitalisation includes greater transparency, 
decentralisation and decreasing costs through efficiency improve-
ments. It is alleged to create a competitive environment that is also 
open to start-ups and small enterprises. And yet, it is evident that 
the main beneficiaries from both digital technologies in terms of 
hardware and the methods of genetic modification and patenting are 
above all financially strong enterprises and corporations. This is due, 
on the one hand, to the capital intensity of the technologies and, on 
the other, to the growing competition for cultivation and consumer 
data. Agricultural machines with digital technology are expensive 
and their use is only profitable over a sufficiently large area. Con-
sequently, they are acquired mainly by enterprises and corporations 
with access to capital and land. Indeed, there are all kinds of assur-
ances that digitalisation will make genetic engineering procedures 
cheaper and thereby offer small start-ups the possibility to invest 
in them as well. However, start-ups are frequently bought out by 
large corporations.22 Hence, under existing conditions, this apparent 
competition only leads to further monopolisation and thus the con-
solidation of existing relations of production.23 

Furthermore, the competition for access to and control of data 
increases not only the rivalry among companies within a single 
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sector, but across sectors as well. In the agricultural sector, it is above 
all cultivation and consumer data that take centre stage in this regard. 
Internet corporations like Google or Amazon are particularly inter-
ested in this Big Data. Such data is gathered mainly by agricultural 
machines. This, in turn, makes the sector appealing for producers of 
pesticides and fertilisers, who are able to adjust their products based 
on the cultivation data. Already today, 80 per cent of worldwide trade 
in crops is dominated by three corporations; 65 per cent of trade 
in corn seed is in the hands of only two. Pat Mooney predicts that 
the three nodes along the agricultural supply chain (inputs, agricul-
tural machinery and food processing) will be controlled by only one 
or two companies in the future.24 Specifically, this could mean that 
the company producing agricultural machine X will decide which 
of its own seeds will be sown when and which of its own fertilisers 
and pesticides will be used and at what time. The machine is simply 
incompatible with the products of other companies, securing the 
market position of the company that manufactured it. The farmers, 
then, would be increasingly unable to make their own decisions, 
as they are forced to use the products from the same company as a 
complete package.

Blockchains promise decentralised and transparent, tamper-proof 
dealings in networks because, at least theoretically, all computers in 
a network – i.e. all those involved: farmers and agriculturalists, agri-
businesses, banks, supermarket chains, etc. – can form blocks. This 
promise, however, is based on the assumption of equally powerful 
actors within a network. Yet the power across the network is distrib-
uted highly unequally: the more computing power, the more influence 
an actor can exert. Blockchains in agriculture are nothing but the 
digital assertion of the law of ‘(computing) might makes right’.25

The ecological contradictions of digitalisation: capital and technology 
versus nature

Finally, digitalisation raises the hopes of increasing efficiency on the 
fields and thereby guaranteeing a more resource-friendly, sustain-
able and climate-neutral production. If, in the future, measuring 
probes report nutrient levels in the soil, this will allow for a more 
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demand-based use of fertiliser. Regular information on fungus or 
pest infestation levels provided by drones can facilitate the more 
targeted and selective use of pesticides and herbicides, replacing the 
blanket spraying that is common today. All this may give us hope that 
soils will be less over-fertilised and fewer insects will die from pesti-
cides or herbicides. A second argument is that digital technologies 
will raise yields and productivity, as a natural world that is moni-
tored ‘around the clock’ can be exploited more efficiently in pursuit 
of profit maximisation. What both arguments ignore, however, are 
the social relations and ecological contradictions associated with an 
agriculture geared towards surplus-value production and the domi-
nation of nature. 

After all, in capitalism, even a system of digitalised agriculture must 
grow. The expansion of machine-readable production processes in 
monocultures displaces not only locally adjusted modes of produc-
tion focused on biodiversity, but also causes rebound effects.26 Driven 
by the compulsion to continue growing, more and more farmland is 
needed so that it can be worked by the digitally enhanced machines. 
The development of this land is only possible through the displace-
ment of other forms of use, the transformation of green spaces and 
wetlands, and deforestation. Given the coupling of hardware and 
‘software’, i.e. machines and genetically modified seeds, fertilisers 
and pesticides, the increase in cultivated farmland also increases the 
overall input of nutrients and pesticides, despite any potential reduc-
tion thereof per individual land unit. 

Up until the 1960s and ’70s, capitalist agriculture was marked 
by enormous productivity increases. The reasons for this were the 
reduction of production costs through mechanisation and the use 
of synthetic fertiliser and pesticides. Since the 1980s, crop yields 
have begun declining in proportion to the use of fertiliser, and the 
same is true for the ratio between harvest yields and chemicals input. 
Increasingly heavier tractors and harvesting machines, moreover, 
increase the compaction of the soil, resulting in lower soil fertility.27 
This shows that even technologically advanced agricultural produc-
tion relies on nature’s capacity for reproduction. Ignoring this fact 
and instead assuming that a technologically enhanced domination of 
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nature will solve the ecological crisis is precisely what will lead to its 
intensification.

conclusions

In this chapter, we have considered the trajectory of digitalisation 
in agriculture and the question of what effects on production and 
society–nature relationships can be expected. Digital technologies 
will not fundamentally change the dominant relations of production 
in agriculture. Instead, we should expect an aggravation of existing 
structural inequalities and ecological contradictions. This is where 
the starting points for political intervention lie. 

Technological changes in hardware, ‘software’ and finance make 
technologies and mass data available to agribusinesses, which will 
change existing capitalist-industrial agriculture. The industry will get 
by with (even) less human labour power and will further regulate 
labour and labour processes through close surveillance. This creates 
uncertainty among the remaining labour forces. Digitalisation will 
see the obstacles for industrial action grow in size rather than shrink. 

Digitalisation promises an enhanced domination of nature with 
the aim of increasing productivity and processing the ecological con-
sequences of an exploitative agriculture. This may be possible in a 
spatially confined context, for only some people and for a limited 
period of time, but the impact will be the suppression and externali-
sation of ecological consequences.28 In a world of digital agriculture, 
the future will see fewer of those who are part of the rural working 
class – including small-scale farmers – able to find work in a rural 
context, while more will increasingly be affected by the ecologi-
cal consequences of climate change, groundwater pollution, species 
extinction, etc. That said, small-scale agriculture will not disappear 
from the rural space, but will most likely face more difficult repro-
duction conditions. Instead of contributing to a general rise in 
prosperity, then, digitalisation will amplify inequalities in the rural 
world. A differentiated analysis indicates that digitalisation actually 
serves the continuation of a redistribution from the bottom to the 
top. Without a radical transformation of existing structural condi-
tions – that is, property and ownership relations – only the propertied 
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classes and a few skilled workers will benefit. Ultimately, even a dig-
italised capitalist agriculture, as a valorisation process, undermines, 
in the medium term, precisely those social-ecological preconditions 
on which it relies as a labour process. This contradiction can only be 
resolved socially, not technologically. 

SynBio techniques are supposed to revolutionise the essence of 
food. Synthetically produced meat or drought-resistant plant seeds 
produced by digital databases, however, not only raise old ques-
tions about the ethical treatment of and interference with life as such. 
They also provide a host of opportunities for new patents and thus 
the control of knowledge, resulting in additional new dependen-
cies. Added to this, the industrial cultivation of genetically modified 
plants entails a reduction in biodiversity, and less diversity means that 
mistakes have far greater repercussions. The resulting lack of biodi-
versity undermines local adjustment to climate change. 

Progressing digitalisation fosters the competition between compa-
nies in various sectors for access to and control over data. Instead of 
a democratisation and decentralisation of production through new 
platform and blockchain technologies, the outcome is the formation 
of monopolies and a concentration of power. Corporate mergers such 
as that of Bayer and Monsanto are just one example of the currently 
ongoing merger mania in the agricultural sector; even internet giants 
such as Google and Amazon hope to profit from the control of data 
and are buying up start-ups or smaller companies. Increasingly fewer 
companies thus control the production of an ever-growing amount 
of food in more and more segments of the agricultural supply chain. 
That way, they control what we eat and how that food is produced.

As a result, these corporations also have the most power over cul-
tivation and consumer data. Given their objective of increasing their 
own profit, here are the most important starting points for political 
intervention: a first important step would be to stop concentration 
processes and regulate the ongoing cross-sector mergers. More fun-
damentally, the task is to socialise access to and control over data. 
What is needed are collective decisions about which data is collected 
and by whom, how it is evaluated and what it is used for. Openly 
disclosed algorithms, moreover, help people make sense of machine 
information and, in case of doubt, make informed decisions of their 
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own. There are already numerous examples today that show how 
small-scale farmers or cooperatives can increase their income or 
receive subsidies by drawing on network-based communication, pro-
duction and trade.
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Digital Work and Networked Production
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10
Networked Technology  

and Production Networks
Digitalisation and the reorganisation  

of global value chains

Florian Butollo 

An analysis of the permanent revolutionising of productive forces 
building on Marx’ writings must today take into account the fact that 
production networks are fragmented. Rationalisation is not occurring 
at the individual company level alone, say, through the deployment 
of machines in order to increase productivity. Rather, it is focused on 
achieving an optimal interlocking of functionally and spatially sepa-
rated production processes in the sense of ‘systemic rationalisation’.1 
Leading brand-name enterprises not only exploit global inequali-
ties by offshoring production to low-wage countries; they also take 
advantage of a hierarchical integration of supply chains: broadly 
speaking, the produced surplus value is realised according to the 
power resources of the involved businesses, especially their capacity 
to control innovation processes and the sale of end products.2

The bundle of applications subsumed under the term ‘digitalisa-
tion’, particularly digital process management via the Internet of 
Things (IoT) and novel processes of automated data analysis, is emi-
nently impacting the relationships between economic actors, that 
is, the structure and the geography of global value creation. In the 
following, I examine this link between networked technologies and 
production networks. Surprisingly, this is hardly ever the case in the 
media and academic discourses on the digitalisation of industries, 
which rarely address the transnational interlinkage of globalised 
production and the inequalities inscribed therein. Industry 4.0 is 
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a decidedly national project, consciously building on the ‘German 
virtues’ of diversified high-quality production. More recently, this 
has been carried to extremes with the label ‘AI made in Germany’, 
the quintessence of the competitive German Artificial Intelligence 
(AI) strategy. This national focus constitutes an anachronism in an 
era of global production networks and an internationally operating 
and cooperating research community (especially in the area of AI). 
It corresponds to the rationale of preserving or expanding national 
competitiveness through technology leadership, while neglecting a 
systematic discussion about the impact of the current phase of dig-
italisation on global production networks. Although it is postulated 
that Industry 4.03 indeed impacts the ‘entire value chain’,4 networked 
production seems to take place only on the solid shop floor of the 
individual enterprise, namely in the form of concrete artefacts such 
as tablets or Smart Glasses.

In the following, some theoretical considerations will be presented 
with reference to a number of empirical cases, exploring the impact 
of said bundle of new technologies on the geography and struc-
ture of value creation. The discussion shows that the expectation 
of a reshoring of automated industrial manufacturing to so-called 
high-wage countries is rather one-sided, as it ignores the fact that 
the combination of e-commerce platforms and a data-based opti-
misation of logistics networks entails precisely the opposite effect, 
namely the geographic fragmentation of manufacturing processes. 
As is demonstrated in the second section of this chapter, structural 
changes can rather be expected as a result of the establishment of the 
industrial internet (IIoT) platforms,5 which introduce and consoli-
date elements of platform capitalism6 in the industrial domain. One 
possible outcome of this is the increased significance of user data in 
digital-hybrid manufacturing processes, expressed by the race to cen-
tralise and operationalise data.

there’s no going back for  
globalised manufacturing

The Adidas Speedfactory in Ansbach, Bavaria, is a factory producing 
sports footwear.7 It is also producing a narrative, which is expressed in 
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the company’s advertising imagery, boasting scenes of fully automated 
shoe production shrouded in momentous-seeming clouds of steam. 
The Speedfactory’s message is that sports shoes are once again being 
produced in Germany: a model for the future. This counter-narrative 
to the company’s actual practice – the factory in Ansbach produces 
around 500,000 pairs of trainers per year, while those in Asia account 
for roughly 400 million pairs – is gladly adopted by the press and pol-
iticians alike for its welcome message: German-based production can 
once again be profitable! The fear of job cuts as a result of offshoring 
is a thing of the past!8 

This myth rests on two claims: firstly, that the labour cost dif-
ferential between so-called high-wage and developing countries is 
becoming increasingly irrelevant because automation has advanced 
to a point where wage costs no longer constitute a pertinent factor. 
Secondly, that production in direct proximity to end customers in 
volatile and increasingly differentiated markets is advantageous. It 
can thus be concluded, so the argument goes, that the regional inte-
gration of production and target markets is once again profitable 
– and the days of global sourcing are numbered. 

However, the effects of automation are being misinterpreted. 
Firstly, the reshoring argument underestimates the persisting obsta-
cles to automation, which continue to render full automation of 
production unrealistic for the foreseeable future.9 Indeed, an increase 
in the organic composition of capital, i.e. a predominance of the 
expenses for investment goods in relation to the entire wage bill, 
does diminish the relevance of the labour cost differential, but signif-
icant cost differentials with regard to the availability of land and the 
up- and downstream production activities remain nonetheless. Fur-
thermore, production cost reduction through automation does not 
lead to the results assumed by proponents of the reshoring thesis. 
On the contrary, given the cost reduction of automation equipment 
through advancements in the processing capacity of semiconduc-
tors, investment in automation is becoming profitable even in those 
locations in which the production regime was hitherto marked by 
the seemingly infinite availability of cheap labour. China is currently 
undergoing such a rapid process of ‘catch-up automation’,10 while 
leading car manufacturers in Eastern Europe today operate at the 
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same level of automation as plants in Germany – although wage costs 
are still markedly below the German standard.11 The result of this 
blend of high tech and low wages is an increased productivity of pro-
duction units in emerging countries – and thus a continuous pressure 
to relocate from so-called high-wage countries to areas with a cheaper 
cost structure. There is certainly no mass exodus of major shoe or 
textile producers from China towards Europe or the United States.

The argument emphasising the advantages of regionally integrated 
production resulting from the proximity to end customers is equally 
one-sided. The closeness to customer markets has always been 
an essential motive for the globalisation of production, and, given 
the growth of consumer markets in major emerging economies, is 
gaining additional importance. After all, Volkswagen’s investment in 
nine new plants in China does not reflect a strategy of producing cars 
for the European market, but is intended to serve the Chinese market 
and thus reduce transport costs, counter uncertainties regarding pro-
tectionist measures and allow for a more flexible response in product 
development and product mix to specific preferences in the respec-
tive markets. Investment strategies along the lines of the ‘produce 
where you sell’12 paradigm in this sense offer competitive advan-
tages vis-à-vis pure importers who not only have greater transport 
costs, but are usually less able to accommodate the target markets’ 
demand profiles. 

That said, for a number of reasons these advantages must not 
be understood as a universal law that forecloses options for global 
sourcing. The first question is, quite generally, to what degree does 
the differentiation of markets really require a company’s quick 
responsiveness and make the geographic proximity to end consum-
ers an absolute necessity. This is being suggested in the context of 
the Industry 4.0 concept that declares ‘batch size 1’ – that is, custom-
ised production according to customer preferences – the universal 
principle of a new ‘stage’ of industrial production. According to this 
interpretation, companies need to react as customers increasingly 
demand customised products that exactly fit their individual needs. 
Yet, approaches like the widely publicised Speedfactory reveal the 
aspiration of enterprises to create precisely such demand among con-
sumers. In this sense, hidden behind the promise of growth associated 
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with Industry 4.0, we find an attempt by industry to pursue new sales 
strategies – the success of which is rather questionable given stagnant 
consumer demand and increasing social inequality.

But even assuming – beyond the exaggerations of the ‘batch size 
1’ paradigm – increasingly differentiated and short-term oriented 
markets, their servicing does not necessarily require production in 
direct customer proximity. One reason for this is that many complex 
products, such as cars or IT hardware, can be assembled from stan-
dardised components that are configured according to customers’ 
preferences. These components are sourced from a network of sup-
pliers who need not necessarily be located near the end customer and 
whose products are not customised but standardised. For example, 
who needs a customised wiper motor or cylinder head in their car – 
parts that no one ever sees? While the advantages of a local clustering 
of a supply chain in one area are certainly given in the car industry, 
the IT industry remains the prime example of global production and 
global sourcing. In both industries, at least for the time being, the 
combination of automation and the potential advantages of market 
proximity is hardly leading to any significant changes in the spatial 
manufacturing structure.

This consistency is also related to an important counter-tendency 
to the regional integration of markets and manufacturing: the e-com-
merce/logistics nexus. The example of Amazon illustrates this: the 
company can deliver products to customers so quickly because it is 
able, based on consumer data, to anticipate future orders. Correspond-
ingly, goods are stocked in sufficient volumes at local warehouses 
from where they can be delivered at short notice. The ‘annihilation 
of space by time’,13 which Marx describes as a tendency intrinsic to 
capitalism in the Grundrisse, is the object of rationalisation strategies 
in the logistics sector, strategies which are, in turn, additionally per-
petuated as a result of new possibilities for data transparency in the 
context of the IoT, options that are mostly realised through data cen-
tralisation via online platforms. The case of Amazon underscores the 
idea that global sourcing and the objective of quick responsiveness to 
differentiated consumer demand do not contradict one another, but 
can be mediated via the e-commerce/logistics nexus. 
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Although there are considerable differences between online retail-
ers serving private customers and the supply-chain management of 
major companies, some elements of the described logics also apply 
to the supply chain. Since the early 2000s, contract manufacturers 
in the electronics industry such as Foxconn and Flextronics, who 
produce consumer electronics products for major brand-name com-
panies in the IT industry, have set up hubs for the configuration of 
products in proximity to target markets, while actual manufactur-
ing takes place in Asia. The secret to their success lies not only in the 
combination of high tech and low wages, but also in their sophisti-
cated logistics networks which minimise storage costs thanks to data 
monitoring and increasingly sophisticated predictive analysis. Gen-
erally, the logistics sector serves as an experimental ground for new 
forms of automation and process innovation it is hoped will further 
reduce transport costs. 

Depending on the respective product and manufacturing logic, 
instances of the geographic integration of consumer markets and 
manufacturing capacities contrast with instances of renewed geo-
graphic fragmentation. A de-globalisation tendency intrinsic to 
digitalised capitalism, which is insinuated in the context of the 
reshoring debate, cannot be confirmed.

data, the industrial internet and platforms

One noticeable effect on competitive relationships in digitalised cap-
italism seems to emanate from the development of innovation and 
business models based on the generation, processing and evalua-
tion of data. The appropriation of private user data as a new type of 
raw material14 constitutes the foundation of the rise of leading tech 
companies such as Google and Facebook and their Chinese counter-
parts Alibaba and Tencent. The organisational form of the platform 
is appropriate for these business models because it combines practi-
cal use value for users and the function of generating and centralising 
data about their user behaviour. The purpose of the latter is ulti-
mately the sale of user data to third parties, in the sense that they, as 
major advertising agencies, provide their customers with the means 
to develop personalised ads. 



Networked Technology and Production Networks

161

What is interesting with regard to the impact the current techno-
logical advances are having on the structures of global value creation 
is the extent to which certain elements of this operational approach 
are also influencing the industrial domain – and this is precisely the 
intersection at which a race for new business models and applications 
has ensued, captured in the buzzwords industrial internet and IoT 
platforms. As was the case in past phases of socio-technical change, 
or technical-organisational innovation, it constitutes an open-ended 
competitive process that results in the redistribution of value between 
old and new actors.

The platform principle is not necessarily new in the industrial 
sector. Company software such as SAP or Oracle has become almost 
indispensable since the early 2000s and testifies to the consider-
able significance data-based processes have acquired in recent years. 
Similarly, Siemens has long been selling management software for 
industrial enterprises comparable to operating systems for the indus-
trial sector. Here, too, there is the danger of mystification, an element 
that has come to characterise the digitalisation debate more generally: 
the novelty of developments is exaggerated because continuities are 
being overlooked. On the other hand, the level of data integration is 
significantly higher due to the increased capacity of processors (and 
sensors), the availability of huge datasets, and efforts to standardise 
the interfaces between various layers of enterprise data. Prospec-
tively, the Internet of Things will allow for the comprehensive digital 
monitoring of material processes in order to optimise them. Such 
applications and the associated platforms are currently being devel-
oped for industrial use, a process in which both classic industrial 
enterprises (Siemens, Bosch, Trumpf) and data specialists (SAP and, 
in China, Alibaba in particular) are competing for market shares.

The field is experiencing considerable competitive dynamics with 
new market entries, significant failures and the partial success of 
a diverse set of players because the evaluation of application data 
potentially represents a considerable source of product and process 
innovation. The more data are available on consumer preferences, 
user habits, purchasing behaviour, but also capacity utilisation and 
procedures in manufacturing, the better these points of intersec-
tion can be optimised. The all-encompassing collection of data thus 
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becomes a factor in innovation-driven competitive relationships. 
These data constitute the essential raw material for the development 
of so-called Artificial Intelligence applications, as new approaches to 
machine learning are based above all on the analysis of Big Data. In 
the following, some applications of such platforms and their potential 
impact on the structure of value creation are discussed.

IOT platforms for process optimisation

The platforms of leading industrial equipment manufacturers, such 
as Siemens, Bosch and Trumpf, aim especially at the monitoring and 
evaluation of manufacturing data which can be used for the opti-
misation of individual processes. One specific example is so-called 
predictive maintenance, which, based on a broad set of process 
data, allows the maintenance and repair works required in indus-
trial facilities to be predicted. This helps reduce the likelihood of 
process interruptions and streamline the work process of mainte-
nance workers. While, in the past, the latter only came into action 
in case of a malfunction, now maintenance and repair works can be 
planned regularly and with foresight. This area may entail a polarisa-
tion between higher- and lower-skilled tasks: operative maintenance 
could be reduced to a routine component exchange, whereas data 
analysis by IT specialists involves additional skill requirements. 

The field of maintenance, however, is only one example of process 
optimisation on the basis of Big Data. The monitoring of data on 
material properties, manufacturing problems or production flows 
carries the scientification of production, as mentioned by Marx in 
the Grundrisse,15 to new extremes. Workers encounter the produc-
tion process as an objective entity to which they have to adjust, and 
this entity is increasingly intertwined with sales figures in ‘real-time’ 
and the data-based predictions about further market development. 

Given that this entire organism is supposed to respond to markets 
in a variable and flexible manner at all times, the skill requirements 
for workers, who are to keep up with this permanent change, rise 
continuously. Simple deskilling is thus unlikely, and, in the work-
place context, a subtle pressure to undergo advanced training seems 
more likely: only those who constantly optimise themselves and 
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keep up with the most recent technological trends will find perma-
nent employment among the well-paid core workforce. At the same 
time, however, the supply of skilled professionals in Germany is 
decreasing. Companies react to this with the deployment of digital 
assistance systems designed to allow less skilled workers to meet the 
requirements of the productive organism. These technologies can 
be interpreted as an attempt to accommodate the increase in flex-
ibility requirements without comprehensively upskilling the entire 
workforce. The permanent need to train and retrain the workforce 
on the one hand and deskilling through assistance systems on the 
other constitute conflicting tendencies: skilled labour in the core 
industrial sectors is being upgraded, but in other sectors – say, in 
the warehouses of major logistics firms in industry or at suppliers of 
standardised goods – the employment of a large, low-skilled work-
force is increasingly common. 

The ‘smart factory as a service’

The data-based optimisation of the production process as a whole 
allows the process itself to be turned into a commodity. This 
approach is pursued through business models which provide pro-
duction capacities to other companies – which may pertain to the 
entire manufacturing process of a product or individual production 
steps. The commodification of the process as a whole takes place, for 
example, via the model of the ‘smart factory as a service’, which robot 
manufacturer Kuka, in cooperation with Porsche subsidiary MHP 
and the reinsurance company Munich Re Group, is seeking to estab-
lish. This consortium promises its customers the prospect of taking 
charge of the entire manufacturing process while guaranteeing com-
pliance with requirements regarding quality, flexibility and diversity. 
This business model thus replicates the logic of contract manufac-
turing, symbolised by the division of labour between Apple and 
Foxconn in the electronics industry, but extends it to areas of diver-
sified high-quality production such as the car industry. Such models 
are based on the conviction that the value creation of the future will 
rest above all on the mastering of innovation and marketing, whereas 
process optimisation and manufacturing in the narrower sense can 
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be outsourced to specialised contract manufacturers. According to 
this vision, the model is now viable in more complex areas of man-
ufacturing because permanent process optimisation and adjustment 
can today be ensured via IoT platforms. Should deviations from the 
promised target occur regardless, any losses are recouped by the 
Munich Re Group. 

In the electronics industry, this separation of brand-name compa-
nies and contract manufacturers has led to a drastic polarisation of 
the supply chain between highly profitable tech companies on one 
side and contract manufacturers on the other. The business models 
of the latter are based on the ‘optimisation’ of global manufacturing 
processes, taking advantage of the labour cost differential and ethnic 
and gender inequalities.16 It is far from certain that business models 
such as the ‘smart factory as a service’ – should they prove successful 
in the first place – would have the same effects. This is all the more 
true considering the major differences in the nature of manufactur-
ing and the respective skill requirements. Such approaches, however, 
do raise the question of which companies can actually achieve market 
leadership in the future. Ambitious pursuits like the widely discussed 
announcement by Google that it will build its own cars, based on its 
competence in the area of driverless vehicles, then, would become 
more realistic if there are manufacturing specialists in place who 
offer their services. A further redistribution of the realised surplus 
value from manufacturing to areas of product innovation and distri-
bution also appears likely.

Product-related platforms as an expansion of e-commerce 

And yet, there is also that counteracting tendency to such a separa-
tion between manufacturing and distribution through a blending of 
models known from e-commerce and manufacturing. This may be 
driven by producers, i.e. by traditional industrial companies, or by 
e-commerce enterprises that increasingly move into manufacturing. 

The stylised image of the Industry 4.0 factory corresponds to the 
first variant: customers can configure their products via the online 
platform, and products are subsequently produced according to their 
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preferences. Such a model presupposes above all, on the part of man-
ufacturing, sophisticated lean production models that ensure the 
coordination of market requirements and manufacturing processes 
via the fine-tuned control of operations. Effectively, this is not an 
Industrial Revolution, but a consecutive refinement of the produc-
tion models of the 1990s and 2000s, whose strategic goal has always 
been the reconciliation of the conflicting objectives of high efficiency 
through economies of scale, and the dynamic adjustment to market 
demand through flexible (but costly) adjustments of the manufac-
turing process.17 In the car industry, business models that flexibly 
adjust production without major losses in efficiency have already 
been established, and other industries, such as the Chinese house-
hold appliances industry, are also experimenting with such business 
models. 

These variants of manufacturing according to the principle of 
‘batch size 1’, however, contrast with network-based approaches that 
do not rest on the high-tech enhanced individual plant, but on the 
flexibility of the network. With its platform Taogongchang, Alibaba 
is pursuing an approach in which the principles of e-commerce are 
being transferred to manufacturing. The outcome is a giant net-
worked factory composed of tens of thousands of micro-producers. 
Customers go online to select appropriate suppliers with whom they 
can place their specialised orders, which can be supplied even in very 
small quantities. Alibaba is thus returning to its original core com-
petence, namely the brokering of orders between buyers and a vast 
network of Chinese producers. These functions, however, are com-
plemented by Big Data analyses that facilitate anticipatory capacity 
planning. The consumer data of the present allows the needs of the 
future to be assessed, which helps companies plan their product 
range and capacity utilisation. 

This production and distribution model manages without high-
tech capabilities on the part of producers. In what is termed ‘Taobao 
villages’, hundreds of small-scale producers with modest technolog-
ical equipment process the online customers’ orders. This allows 
Alibaba to ‘update’ small-scale Chinese manufacturing in line with 
the ‘batch size 1’ principle, thereby conserving it. It is a mistake to 
assume that production in the digital age will mainly follow the path 
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of high-tech manufacturing along the lines of Industry 4.0. Rather, the 
Chinese path illustrates the bandwidth of online-to-offline business 
models which, from a manufacturing point of view, are by all means 
compatible with low-tech production and cheap labour.

data-driven rationalisation  
in the twenty-first century

The diverse approaches to the reorganisation of value creation via 
digital technologies suggest that, for one, the notions of a new stage 
of industrial production, as propagated in the context of the debate 
around ‘Industry 4.0’, are one-sided. The objective of an extremely 
versatile individual factory, capable of a flexible and quick response to 
individual customer preferences, consciously builds on the strengths 
of diversified high-quality production in Germany. However, it 
neglects the competing approaches of a digital production driven by 
e-commerce or networks, perhaps not least because Germany has 
thus far been lacking adequate players to pursue such pathways. Con-
sequently, the discussion in the context of Industry 4.0 programmes 
about the restructuring of value chains in Germany is often reduced 
to the individual company-level role of the Smart Factory, while the 
far more important question of the redistribution and reallocation of 
the realised surplus value in production networks and their indirect 
consequences for workers is left unconsidered. 

A realistic assessment of current developments is not easy, as it 
is impossible to determine which approaches will prevail in the 
ongoing competitive search process. Moreover, the pursued solutions 
vary depending on the respective sector, product and state of tech-
nology. One common denominator that has crystallised, then, is the 
integration of customer data and manufacturing processes, on the 
one hand, and the gathering and optimisation of production-related 
data on the other. The organisational principle of the platform seems 
to promise solutions for both requirements, which is why the race 
for the establishment of industrial internet platforms has ensued. For 
the time being, it remains difficult to say whether this will entail a 
similar concentration process as in the area of online shopping or 
social media platforms. One indication to the contrary is that data 
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generation requires a far greater effort at the level of creating infra-
structure (installation of sensors, etc.) and that the applications are 
more specific, that is to say, they leave room for various providers 
with differentiated fields of operation.

Nevertheless, industrial internet platforms will probably assume a 
more dominant role in value chains because the data they centralise 
play an important role in the control of production processes. Leading 
companies in both industry and data analysis are currently compet-
ing for a dominant position and at times forge strategic alliances. 

With regard to the structures and geography of value creation, 
the question that matters most is whether immaterial processes of 
product development and marketing will be further decoupled from 
manufacturing in the narrower sense, which in turn will absorb a 
smaller share of surplus-value realisation. This tendency was virulent 
over the past years, for example, in the IT and garment industries, 
while it was not as prevalent in the automotive industry. The sig-
nificance of this question is ultimately whether manufacturing will 
be affected by a similar kind of devaluation as was the case in IT 
hardware production, and whether it will lead to a similar devalua-
tion of labour.

Concerning the geography of production networks, the trend 
towards a stronger integration of customer data and manufacturing 
processes may by all means facilitate tendencies towards a stronger 
regional integration, as production will most likely respond far more 
strongly to the preferences of local customers than in the past. Con-
sidering the reasons stated in the second section of this chapter, 
however, a reshoring of manufacturing appears unlikely. What seems 
to be more probable, then, is a kind of near-shoring, i.e. moving pro-
duction for European markets to Eastern Europe, or production for 
the United States to Mexico. That said, the effect of the counteracting 
tendency of anticipatory and increasingly efficient logistics networks 
is that a stronger regional integration need by no means necessarily 
contradict a continuation of global sourcing.

When construing the new technologies as a (big) step towards per-
fecting flexible global manufacturing processes, as attempted in this 
chapter, the theoretically intriguing question arises as to whether 
misallocations and thus overproduction crises can be avoided 
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by an increase in the adaptability of capital in the future. Respon-
sive production in accordance with the notion of ‘batch size 1’ may 
even be interpreted as the realisation of a cybernetically supported, 
needs-oriented form of planning which is able to avoid the rigidity of 
bureaucratic economic planning.

As Simon Schaupp and Georg Jochum elaborate in this volume, this 
is certainly possible – at least in the sense of a theoretically conceiv-
able potential. Yet it is improbable that this potential will be realised 
as long as production and distribution processes are organised in a 
competitive manner and exposed to the dynamic of increasing finan-
cialisation. In contrast to the hope for a more balanced and sustainable 
economic development, evidence of renewed speculative exaggera-
tions, overinvestment (as is currently the case, e.g. in robotics) and a 
race among the geo-strategic blocs is growing. One clear indicator of 
this is that these days the discourse concerning technological devel-
opments only seems possible in hype cycles.
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11
Computerisation: Software and  
the Democratisation of Work  

as Productive Power
Nadine Müller

The productivity-enhancing effect of industrial cooperation and the 
division of labour, which includes the separation of intellectual and 
manual labour and the contradistinction between management and 
task execution, is being lost in the process of computerisation. Yet 
current conditions are preventing a new form of cooperation from 
developing and thus the productivity of computerisation from being 
unleashed; instead, compromises in work organisation are being 
implemented that are marked by contradictions and have a negative 
impact on the quality of working conditions. Labour is becoming pre-
carious and being intensified, while the possibilities for workers’ 
self-organisation and democratic participation are only very limited.1

from industrial capitalism to computerisation

When considering the genesis of industrial capitalism, Marx describes 
the significance of cooperation and the division of labour for produc-
tive power. While feudalism was marked by a low level of division of 
labour and the main form of property was landed property,2 capitalist 
private property entails the emergence of more sophisticated forms 
of the division of labour and cooperation. Only the concentration of 
the means of labour, the machines in the factory in the form of indi-
vidual capitals, made a certain mode of cooperation and division of 
labour possible on which the development of the social productivity 
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of labour rests. He explicates this productive function of capital in the 
following passage:

We showed in Part IV [on the production of relative surplus 
value] how the development of the social productivity of labour 
presupposes co-operation on a large scale; how the division and 
combination of labour can only be organized on that basis, and 
the means of production economized by concentration on a vast 
scale; how instruments of labour which, by their very nature, can 
only be used in common, such as systems of machinery, can be called 
into existence; how gigantic natural forces can be pressed into the 
service of production; and how the production process can be 
transformed into a process of the technological application of sci-
entific knowledge. When the prevailing system is the production of 
commodities, i.e. where the means of production are the property 
of private persons and the artisan therefore either produces com-
modities in isolation and independently of other people, or sells 
his labour-power as a commodity because he lacks the means 
to produce independently, the above-mentioned presupposition, 
namely co-operation on a large scale, can be realized only through 
the increase of individual capitals, only in proportion as the social 
means of production and subsistence are transformed into the private 
property of capitalists.3

At the same time, private ownership of the means of production is 
the precondition for exploitation, that is, the appropriation of alien 
surplus labour,4 and entails the separation of management from 
actual task execution. This double-sidedness of economisation on 
the one hand, and exploitation on the other, characterises capitalist 
productivity: the manufacturing of goods is productive in capitalism 
when it achieves a profit. Hence, it is not necessarily more produc-
tive, or more profitable, when the labour time necessary for goods 
production is shortened; in fact, the opposite can be the case. ‘Here, 
as everywhere else, we must distinguish between the increased pro-
ductivity which is due to the development of the social process of 
production, and that which is due to the exploitation by the capital-
ists of that development.’5
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On the one hand, then, the capitalist production of goods implies 
the aspect of exploitation, or rather the increase in the rate of 
exploitation as the cause of increased profits or productivity. On the 
other hand, there is the aspect of general-social productivity: the 
shortening of labour time necessary for production through techno-
logical progress, mainly by the improvement of machine systems in 
industry.6

It is evident that whenever it costs as much labour to produce a 
machine as is saved by the employment of that machine, all that 
has taken place is a displacement of labour. Consequently, the total 
labour required to produce a commodity has not been lessened, 
in other words, the productivity of labour has not been increased. 
However, the difference between the labour a machine costs and 
the labour it saves, in other words the degree of productivity the 
machine possesses, does not depend on the difference between 
its own value and the value of the tool it replaces. […] The pro-
ductivity of the machine is therefore measured by the human 
labour-power it replaces.7

In contrast to this industrial-capitalist cooperation and productivity, 
the process of computerisation leads to a fundamental transforma-
tion of the central means of labour, namely technology, and to the 
development of a corresponding organisation of work, particularly 
in the sense of division of labour and cooperation, which pertain 
to the aspect of ‘general-social productivity’. Productivity is princi-
pally determined by the means of production (object of labour and 
means of labour), especially by the given technical state of the means 
of labour, as well as by labour power and, in the context thereof, par-
ticularly by the state of the division of labour and cooperation. In this 
chapter, I intend to demonstrate how the productivity-enhancing 
effect of industrial cooperation and labour division – the separa-
tion of intellectual and manual labour – is increasingly being lost. 
Proceeding from that insight, it shall be discussed how neoliberal 
relations will sustain the separation of management and task-per-
forming functions nonetheless, and what consequences this may 
have for the labour market and the quality of working conditions. 
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Given that a new, complex form of cooperation cannot fully develop, 
the process of computerisation leads to productivity deficits.

computerisation as a shift in dominance 

Computerisation is marked by a transformation of the dominant 
means of production and the organisation of work (particularly the 
shape of the division of labour, cooperation and ownership). In the 
process of computerisation, a shift in dominance8 is taking place from 
physical labour with machines – as the central means of labour, or 
work tools, in industry – to creative, intellectual tasks assisted above 
all by software.

Software as the dominant means of production

From the mid-1970s onwards, microelectronics – the application 
and development of which rely on software – led to the automation 
particularly of a large number of mainly physical routine tasks in 
industrialised nations. While the monitoring and control of machine 
production required only few workers, the number of employees 
rose – above all in the programming of numerically controlled (NC) 
machines, in research and development and in the area of schedul-
ing.9 In the 1980s, Burghardt noted that mechanics were increasingly 
being replaced by software, while the bulk of costs shifted from 
manufacturing to development.10 The focus of development efforts 
moved from hardware to software.11 New software concepts allowed 
for ‘personal computing’.12 That was one reason why software 
expanded beyond manufacturing and into other increasingly import-
ant services and areas of production. In the 1990s, Hirsch-Kreinsen 
and Seitz noted that the key role mechanical engineering played in 
industrial development had now shifted to information and commu-
nication technology (ICT).13

After the 2008 economic crisis, the ICT industry managed to con-
siderably increase its gross value production to a total of approximately 
€89 billion by 2013 in Germany. Its contribution to commercial value 
creation thus stood at 4.7 per cent and was on a par with car manu-
facturing, ranking even higher than mechanical engineering. At 91 
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per cent, ICT service providers accounted for the bulk of the entire 
ICT industry’s gross value creation in 2013.14 According to a forecast 
by the business federation of the German digital economy (Bitkom), 
the software business in particular is in the ascendant, as it has been 
over previous years, rising by 5.5 per cent to €20.2 billion. 

The development of technology is also marked by the increasing 
relevance of software, as (both automatic and semi-automatic) robots 
are also controlled via computer programs: ‘In 2018, almost one in 
six enterprises (16%) with 10 or more persons employed in the man-
ufacturing sector in Germany uses industrial or service robots. […] 
Industrial robots are used, for example, for welding, laser cutting and 
special paintwork. Service robots are used for controlling, transport 
or cleaning.’15 The manufacturing sector still employs around 17 per 
cent of German wage earners, while the service sector today accounts 
for about three quarters of all jobs.16 In 2018, Germany had a total 
labour force of around 44.7 million people.17 In the same year, some 
7.7 million people were employed in the manufacturing industry, 
whereas 33.4 million worked in services.18 

In the service sector, some 83 per cent of surveyed workers stated 
that their work was being affected by digitalisation; 63 per cent of 
respondents even claimed the impact was significant or very signif-
icant. ‘Digitalisation has been introduced most comprehensively in 
legal and tax consultancy (97.7%), IT services (96.1%) and insur-
ances (95%). By contrast, the degree of digitalisation is currently the 
lowest in the areas of facility management, landscaping and garden-
ing (41.7%), and second lowest in social services (67.3%).’19 Only 16 
per cent of respondents work with computer-controlled machines or 
robots in their jobs, with those working in the health sector ranking 
highest at 29 per cent. In the service sector, electronic communi-
cation devices are the most widespread at 72 per cent, followed by 
electronic device-assisted work (55%) and software-controlled work 
processes such as route and schedule planning (50%).20

Work organisation: the requirements of computerisation

As software is emerging as the new dominant means of production, 
the organisation of work, especially the division of labour and coop-



Nadine Müller

174

eration, are being transformed. This is the second crucial aspect 
of computerisation. As illustrated above, its duality must be taken 
into consideration when it comes to productivity. Consequently, the 
changes in the organisation of work are analysed at two distinct levels 
here: firstly, the requirements for work are considered, which, accord-
ing to the Project Automation and Qualification (PAQ), represents 
an analytical approach. They include that ‘which would ideally have 
to occur for the new technology to be used to its full potential’.21 
Only at the second level of analysis is the practical fulfilment of these 
requirements in the process of computerisation considered. This 
method of ‘contradiction analysis’ focuses on problems of work in 
their most advanced state, not least in order to explore the potential 
scope for emancipation contained in these problems (or rather in the 
solution thereof).22 Here the requirements of computerised work are 
summarised in four essential dimensions: (a) skills, (b) planning, (c) 
division of labour and (d) cooperation.

(a) As a result of the rationalisation of the bulk of routine tasks and 
the higher skill level of workers on average – i.e. software skills are 
on the rise as a share of overall skills – creative work assumes central 
importance. Creative work is becoming more prevalent in the process 
of computerisation because innovative tasks are growing in signifi-
cance compared to routine tasks – the latter of which can be more 
easily replaced by software. According to Baukrowitz and Boes, there 
is in fact a parallelisation of innovation and work process.23 A survey 
conducted by PricewaterhouseCoopers (PwC) found that 83 per cent 
of surveyed companies considered innovation to be important or 
indispensable when seeking to assert themselves in the global com-
petition.24 In a survey conducted by the German service union ver.di, 
more than three quarters of responding works council, staff council 
and supervisory committee members agreed with the statement that 
digitalisation increases the need for innovation – i.e. introducing 
ever-more innovations in ever-shorter time spans.25

The rise in the proportion of creative, innovative activities carried 
out as part of computerised work means that the latter increasingly 
involves shaping the world of work and life in a technical as well as 
political, social, organisational and cultural sense: decisions are made 
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about how sociality is to be formalised in computer programs.26 The 
creative labour process, in turn, cannot fully be structured ‘from 
above’ by software or planning. Decisions must also be made about 
social relations which cannot be formalised. Correspondingly, the 
skills of workers increasingly comprise not only technical skills but 
also social and economic knowledge, including so-called soft skills, 
such as the ability to work in a team. 

In the service sector, about three quarters of all jobs are marked 
above all by ‘interactive work’, with requirements ranging from coop-
eration and emotional work to ‘subjectivising work activities’.27 That 
is to say that those employed in the services industry work with 
individuals and therefore not all aspects of their work processes are 
predictable. That is why they have to cope with uncertainties and 
imponderables by proceeding in an explorative, dialogue-based 
manner, e.g. using all their senses, forming empathetic relationships, 
etc. This indeterminate dimension of service work requires creativity, 
which is why it has been examined – with the aim of professionalisa-
tion – along the same lines as ‘artistic activities’.28 

The independence of workers increases along with their new skills, 
which in turn leads to a heightened self-initiative on their part. 
One example of this is self-organised evaluations of projects after 
completion. The emergence of creative skills in the process of com-
puterisation represents the first argument for the necessity of an 
increased participation of workers in decision-making processes and 
a greater degree of self-organisation.

(b) Due to its increasingly creative character, computerised work 
cannot be fully subdivided and planned like manual operations on 
a machine. Work in (software) development and in most services29 
is, to a large extent, unpredictable, not least because of new devel-
opments and difficulties concerning specific work processes. In 
software development, in particular, technical and customer require-
ments change constantly and designated plans are often outdated 
within very short time periods. That is why management frequently 
resorts to planning horizons and estimation procedures. Estimates of 
staff costs are included in planning; developers increasingly conduct 
estimations and planning of their own. Only intensive cooperation 
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between all those involved in a software development project allows 
for flexible responses to unpredictable factors and the constant incor-
poration of process improvements. This is one reason why workers 
are increasingly not waiting on instruction from management but 
taking the initiative and exploring other, better practices and agile 
methods which are gaining in popularity and emphasise individual 
abilities and the self-organisation of teams.30 The process of com-
puterisation makes cooperative planning necessary. This is another 
indicator of a growing need for workers’ self-organisation.

(c) Alongside the proliferation of computerisation, the specialisation 
of skills emerges as a new dominant form of the division of labour, 
differing significantly from the subdivision of labour tasks common 
in industry. This specialisation of increasingly innovative, creative 
and complex work is occurring both inside and outside of the newly 
formed professional field of computer science and IT, in software 
development and beyond. What is required are skills in development 
– including different programming methods and coding languages 
– and in software application, often referred to as IT or media skills. 
Moreover, additional special knowledge is required, for not all tasks 
can be performed via software, and often enough it is only the respec-
tive contextual knowledge that allows for an adequate development 
and application of programs. Brynjolfsson and McAfee predict a rise 
in demand for highly skilled workers and a simultaneous decline in 
simple tasks:

As we’ll demonstrate, there’s never been a better time to be a worker 
with special skills or the right education, because these people can 
use technology to create and capture value. However, there’s never 
been a worse time to be a worker with only ‘ordinary’ skills and 
abilities to offer, because computers, robots, and other digital tech-
nologies are acquiring these skills and abilities at an extraordinary 
rate.31

The proliferation of this form of specialisation and the increasing 
responsibility that it entails is leading to a general individualisation 
of workers, which will make the individual more indispensable in 
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the future: empirical studies show that, for example, the work of a 
developer cannot be entirely standardised by a predefined process, 
which in turn means that they cannot be replaced at will.32 Said 
specialisation is characterised by increasingly long theoretical and 
practical training periods as well as work experience, which is seen 
as an essential element of personal development. The knowledge 
(including implicit knowledge) accumulated in the process cannot 
be transferred from one person to another wholesale. Furthermore, 
the application of specialist knowledge during work tasks which con-
stantly undergo changes in the process of computerisation requires 
workers to actively engage continuously with the respective subject 
matter. ‘Permanent learning’ and advanced training thus become 
ever more important. This specialisation and individualisation, 
then, additionally substantiate the need for an increase in workers’ 
self-organisation.

(d) The specialisation of skills is a unique form of new cooperation, 
one which sees a transition from a ‘simple’ set up to a more ‘complex’ 
one. The complexity initially feeds on the already mentioned charac-
teristics, namely creativity, cooperative planning and individualised 
specialisation, as well as the spatial expansion of production: its 
global decentralisation. Cooperation is increasingly occurring in a 
cross-company and transnational manner, especially in software 
production.

In addition, cooperation is no longer only directed at the metab-
olism with nature as in industrial production, but also at complex 
economic and social processes, as exemplified by SAP’s business 
software. Moreover, cooperation in the labour process is structured 
around the distinct interests of the involved parties (customers, 
owners, managers, workers, etc.).33 The handling of potential con-
flicts of interest is thus part of the performed work and further 
complicates cooperation.

Hierarchical management becomes inefficient because the 
planning, evaluation and integration of tasks performed by workers 
is more flexible and operationally effective. Complex cooperation can 
in this sense be better accomplished through workers’ self-organisa-
tion. Due to the new dominant division of labour which is based on 
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the specialisation of knowledge – in contrast to the industrial form, 
namely the subdivision of tasks into manual sub-operations – the 
separation of management and task execution becomes a problem, 
making the democratisation34 of the division of labour imperative: 
‘We may anticipate the development of a non-antagonistic, coopera-
tive individuality as productive power.’35

the neoliberal management of computerisation

Instead of consistently implementing the requirements of comput-
erised work outlined here, companies are increasingly moving to 
intensify the output of workers via profitability management in the 
sense of ‘strategic marketisation’.36 This leads to overtime, unpaid 
extra work and employers’ attacks on the eight-hour working day 
and legally specified rest periods. Attempts to compress and thereby 
maximise output through specified (and often too tight) turnaround 
times, moreover, can lead to stipulations not being complied with or, 
in the worst case, projects being cancelled altogether. Protagonists of 
agile programming methods therefore advocate the practice of sus-
tainable pace. Due to having to constantly work overtime, developers 
are almost unable to consistently produce clear and lucid code. They 
become unproductive and make more programming mistakes.37 It 
is not only in the field of software development that productivity 
declines as a result of longer working hours.38 Strategies such as prof-
itability targets and reducing staff costs therefore raise productivity in 
the ‘general-social’ sense only to a limited extent and in an unsustain-
able way. Furthermore, extensive working hours and constant work 
intensification lead to poor quality outputs, resulting not least in a 
rise in psychological stress.

The quality of work in the service sector

A confirmation of the aforementioned was provided in the form of a 
representative survey conducted by the German Trade Union Feder-
ation (DGB) in the context of the 2016 ‘Good Work’ index focusing 
on digitalisation: almost half of those working to a (very) large extent 
with digital devices in the service sector stated that their workload 
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had increased as a result. The additional strain is related mostly to an 
increase in the work volume (56 per cent) and a rise in multi-tasking 
(57 per cent). Some 59 per cent indicated that they have to work under 
time pressure often or very often. Another 47 per cent of respon-
dents reported an increase in surveillance and control of their work. 
In general, the findings suggest that psychological strain is on the rise 
as a result of digitalisation, whereas physical strain is decreasing. By 
contrast, the scope for individual decision-making has increased only 
to a limited extent on average (some 25 per cent indicate an increase). 
Wherever working conditions are poor overall, the scope for action 
narrows, while it grows disproportionately for those executive staff 
and workers performing (highly) complex tasks.39

A continued ambivalence of productivity and the productivity paradox

On the one hand, it is obvious that computerisation raises produc-
tivity:40 according to a study conducted by the German Economic 
Institute (IW),41 between 2001 and 2014 some 300,000 jobs in industry 
disappeared, while 1.3 million jobs were created in the healthcare and 
social sectors, owing not least to the demographic change. Concern-
ing the projected required labour volume in the main professional 
fields, the Institute for Employment Research (IAB) points out in 
its forecast that most working hours will be accounted for by office-
based and commercial service occupations (7.9 billion working 
hours) by 2030. These professions will, at that point, no longer be 
directly followed, however, by manufacturing, processing and main-
tenance occupations (7.5 billion hours), but by healthcare, social and 
personal hygiene and the cosmetic professions (7.8 billion hours).42 
Osborne and Frey conclude that digital automation will put 47 per 
cent of American jobs at risk over the coming years, while Brzeski 
and Burk calculate an even higher figure for Germany: according to 
their numbers, some 59 per cent of jobs in their current form, i.e. 
both employment liable to social security payments and marginal 
employment, are threatened by automation. The authors assume that 
the underlying cause of this difference is the fact that industry plays a 
more significant role in Germany.43 What is certain is that the process 
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of computerisation is leading to rationalisation and the job losses that 
such a move entails, and this trend is set to continue.

On the other hand, it is difficult to precisely determine the produc-
tivity of computerised labour. There is much reason to believe that a 
measure different to that used for industrial production is needed, as 
they differ fundamentally. For example, in the early 2000s, the total 
productivity of software production was still considered to be rela-
tively insignificant.44 Various authors have confirmed a ‘productivity 
paradox’ in their studies on ‘information technology’.45

Unfulfilled requirements of computerisation: productivity deficits 

Frequent delays and budget overruns in software development 
projects, which are common in many companies, suggest comput-
erised work has a fundamental productivity problem. Time delays 
occur particularly in the analysis stage of the development process. 
This is the stage in which product requirements are established, 
demanding intensive cooperation between developers and users. 
Given the fiercely competitive attitude developers have towards each 
other (and even customers), however, this frequently does not take 
place. It turns out that the mediation of knowledge exchange via 
superiors takes up too much time and leads to a lack of flexibility 
in problem-solving. Management staff no longer have the detailed 
planning expertise, leading to flawed and delayed decisions. Crisis 
management and permanent reorganisation, which as such already 
generate productivity problems, are the result. 

As shown with regard to four essential requirements (creativity, 
cooperative planning, specialisation of skills and complex coopera-
tion), the need for increasing self-organisation and thus approaches 
towards ‘cooperative individuality’ is emerging as a counter-tendency 
to the hierarchical separation of directing functions (management) 
and task execution (workers). The division of labour typical in indus-
trial capitalism, in the form of a subdivision of work and the separation 
between manual and intellectual labour, has become unproductive in 
the process of computerisation. 

The contradiction between persistent hierarchies in current polit-
ical-economic relations and cooperative individuality is resolved 
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in practice mainly through so-called matrix project organisation,46 
as well as through indirect control and an increasing yet inade-
quate implementation of agile methods, i.e. as a combination of the 
management–worker separation and a limited, relative self-organi-
sation of workers. The remaining hierarchy is still sufficient to cause 
numerous problems: apart from other severe problems such as a rise 
in psychological strain, there are excessive job cuts and an inefficient 
division of labour that goes beyond the specialisation of workers, 
resulting in a waste of skills.

The transformation of capital

If, in the past, the productive function of private capital in industry 
was to enable ‘simple cooperation’ in the factory, it has come under 
pressure in the process of computerisation: cooperation is no longer 
mainly focused on the factory, but relies – in its complex form – on a 
global, cross-company exchange of knowledge. Private capital is thus 
transforming in three ways.

Firstly, it is becoming transnational and forming global production 
networks. In order to increase profits, the global decentralisation of 
production plays an essential role in the process of computerisation. 
It started off with flexible automation during the 1970s and, with the 
rise of the internet, from the 1990s onwards allowed for a transna-
tional coordination of work processes. The result was an aggravation 
of the (by then almost global) competition on the labour market.47 
Lower wage costs in countries that had until that point experienced 
very little industrialisation were not the only reason to relocate 
production processes: the undermining of trade union rights and 
protests are equally important to capital. The neoliberal policies of 
transnational corporations pushed back nation-state-based welfare 
services in pursuit of higher profits.48 Jobs were not only automated, 
but in part relocated. Yet the competition between and within compa-
nies, whose production sites are usually conceptualised as profit and 
cost centres, also complicates the knowledge exchange and prevents 
synergy effects – especially in development.

Secondly, the area of so-called intellectual property is expand-
ing and becoming a fiercely embattled terrain,49 particularly in the 
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context of software patents and licences. Over the past decades, an 
increasing number of patents have been issued; however, the positive 
impact they have had on innovation is rather contested. Many inven-
tions remain business secrets. According to Gröndahl, the fiercest 
disputes concerning software patents in recent years have been about 
those whose licensing has been legally formalised in the United 
States since the 1980s;50 in Europe, ‘programs for data process-
ing equipment’ are officially excluded from patenting – although it 
is common practice to award software patents nonetheless. At this 
point, a decisive aspect of the transformation of private ownership 
manifests itself: different new licence models allow for formerly free 
software51 to be transformed into proprietary software, or a combina-
tion of both. Based on these licence models, the economic advantages 
of free software at least become partially exploitable. These advan-
tages result from a new model of software development and coding 
in which ‘thousands of people all over the world’ work together in 
a self-organised manner.52 But because of their privatisation and the 
associated restriction of use, these licences at the same time obstruct 
or limit efficient cooperation, as a result of which the transformation 
of capital remains crisis-prone and embattled.

Thirdly, another strategy pursued by companies in order to harness 
the advantages of cooperation via the internet is crowdwork: addi-
tional labour is acquired (in most cases) selectively from single 
self-employed workers. The ‘placement service’ is conducted by 
online platforms.53 Here, again, the aim is to expand cooperation 
beyond the individual company, so that globally distributed knowl-
edge becomes available as quickly as possible. Yet this is not only 
about the self-initiative of software designers and other individual 
workers: it is a business model. ‘Labour costs’ play an important role 
and are (for now at least) reduced by, among other things, this global 
competition. The savings, especially in Germany, pertain to social 
security payments and other operational or contract-related costs, 
as single self-employed workers usually receive no holiday or sick 
pay, and no advanced training. They are responsible for their own 
occupational health and safety. No Labour Protection Act or work-
places ordinance – whose addressee is usually the employer – applies 
here. Such poor protection not only constitutes a personal risk for 
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the affected workers, but in fact challenges – the more widespread it 
becomes – the funding of the social security system as a whole. Fur-
thermore, additional risks emerge for companies, too, for example as 
a result of the lack of loyalty on the part of contracting agents or the 
loss of expertise.54

democratisation as an alternative:  
labour politics from below 

The process of computerisation is engulfing all economic areas and 
industries, albeit with differing degrees of intensity. Computerisation 
is currently at a stage where its potential – including for an increase in 
social productivity – has become apparent yet cannot be fully devel-
oped. What has asserted itself so far is rather a mix of compromises 
and makeshift solutions at the level of work organisation, based in 
part on models from industry, profitability management, and thus 
on job cuts, longer working hours and work intensification. Corre-
spondingly, working conditions have deteriorated for a large section 
of the labour force. 

The starting point for improving the quality of work, but also 
for developing cooperative individuality and social productivity as 
a whole, has to be the contradictory nature of developments in the 
process of computerisation. One crucial contradiction of the neolib-
eral management of computerisation that is provoking conflict is that 
between a persisting hierarchy on one side and workers’ self-organ-
isation both inside and outside of the workplace on the other. Given 
the need for the active integration of specialised skills, this self-organ-
isation objectifies social ties within the computerised labour process. 
Workers thereby develop the potential for cooperative individuality. 

One central task of workers’ representatives would thus be to 
promote the self-organisation of the workforce in accordance with 
their desire for greater direct participation in decision-making. 
According to Trautwein-Kalms, trade unions stand a better chance 
of recruiting new members when the ‘development of individual-
ity is supported by union work’,55 i.e. when the unions offer more 
opportunities for participation and democracy.56 The trade union ini-
tiative for ‘Good Work’ as a ‘labour politics from below’57 may well 
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serve as a starting point for such efforts. It has thus far been able not 
only to achieve initial success in terms of alleviating the precarisa-
tion of employment relations associated with neoliberal privatisation 
policy,58 but has also identified the problem of employees’ overwork 
and contributed to some initial solutions such as collective bargain-
ing agreements preventing work overload and stipulating adequate 
staffing, or regulating mobile work, health and safety management 
and (matters related to) digitalisation. In this sense – and especially 
with a view to the developments taking place in Artificial Intelligence 
– the trade unions are pushing for an expansion of co-determination.59
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12
Designing Work for Agility  

and Affect’s Measure
Phoebe V. Moore

Today, sensory and tracking technologies are being introduced 
into workplaces for self-managed wellness as well as productiv-
ity tracking, in ways Fredrick W. Taylor could only have dreamed 
of. This process merges wellness with productivity to measure and 
modulate the affective labour of resilience that is necessary to survive 
the turbulence of the widespread incorporation of the work design 
model called ‘agile’, in which workers are expected to take symbolic 
direction from machines. 

In this chapter, the agile work design method is assessed criti-
cally from a Marxist feminist perspective, adapting a labour process 
theoretical commitment to studies of workplace control through tech-
nological advancements, but looking at how, for example, affective 
labour1 is measured rather than the age-old methods of identifying 
and absenting specific and accepted productive actions. The agile 
method, with the use of tracking technologies, prioritises profit for 
business, not through, as the capitalist labour process usually dictates, 
refusing to recognise all extended socially necessary labour time, but 
by the extraction of surplus value through actually revealing aspects 
of usually invisibilised labour time, through the use of increasingly 
invasive technologies such as wearables or tracking devices with 
which previously unrevealed aspects of work can be measured. 

First, the chapter outlines the origins and development of the 
agile method. Like other work design models originating with scien-
tific management, the workplace model of agile is designed to make 
sure work gets done effectively in line with industry and manage-
ment expectations. However, where it differs from preceding models, 
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is that agile comes with a range of new features that are focused on 
the ever-accelerating pace of market change, the inevitable rapidity 
of machine intervention, and the range of new technologies avail-
able now to develop industries and quantify work. The chapter then 
examines the implications of agile for workers’ subjectivities and what 
is required to become a quantified agile worker. Finally, I present and 
discuss our findings regarding the Quantified Workplace project we 
were able to study. 

agile 

Agile production in manufacturing was introduced in 1991 by 150+ 
industry executives composing the Twenty-First Century Manu-
facturing Enterprise Strategy group, who envisaged the immediate 
future of manufacturing in the USA, and from which the Agile Man-
ufacturing Enterprise Forum (AMEF) was born.2 Agile responds 
to ‘complexity brought about by constant change’ and is an ‘overall 
strategy focussed on thriving in an unpredictable environment’. 
Agile, as these authors discuss it, is proactive in the client/producer 
relationship rather than isolated to a hierarchy that reflects Fordist 
assembly line production. While the origins of agile are in manufac-
turing, the rebirth of this set of principles occurred in 2001, when a 
group of 17 software developers who were fed up with bureaucracy 
and obstacles to technological development formulated their ideas 
for how an ideal production team should operate, summarised in 
what they called the Agile Manifesto.3 

The manifesto reflected other IT workers’ sentiment as they felt 
the waterfall system, used in factories, was ineffectual for software 
development. The waterfall method relies on a traditional sequential 
development of production processes, where a linear method prevails. 
Agile introduces a distinctive alternative to waterfall approaches, 
which should ‘help teams respond to unpredictability through incre-
mental, iterative work cadences and empirical feedback’.4 Agile 
requires a frequent, simplified, self-organised team-based software 
development and delivery model for work and production. Agility 
relies on the ‘ability to both create and respond to change in order 
to profit in a turbulent business environment’.5 Agility in both the 
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manufacturing context and in software development assumes that 
disruption and uncertainty are normal, that technology will inev-
itably transform, and that workers simply must keep up with a 
range of self-preparation and preservation techniques to deal with 
constant instability, including self-tracking for wellness and produc-
tivity. An agile work design method puts new pressures on workers 
by a) altering the relationship between humans and machines, where 
we are expected to ‘keep up’; b) expecting workers to find ways to 
self-manage such turbulence; and c) creating new employable com-
petences for teamwork and supposed horizontalism that require a 
specific subjectivity. 

Agility requires a group work design model because ‘individual 
roles are interdependent and there is a need for collective working’; 
‘sociotechnical systems principles were early influences on group 
work design’.6 Parker, who has published extensively on job and work 
design, states that attention has been given to group autonomy in 
recent work design research. Studies in organisational psychology 
show that group autonomy leads to job satisfaction and organi-
sational commitment. The ‘inputs’ for an ‘input-process-output’ 
model are group-led work design, group composition and contextual 
influences; ‘processes’ involve intermediary group states and group 
norms that become attributes; and ‘outputs’ are what Parker calls 
‘team-member affective reactions’. Affect, in organisational psychol-
ogy, refers to positive shared emotions, which is quite different from 
the way it is used by Spinoza and in Marxist feminist and post-auton-
omist approaches. 

Often, in any case, group work is said to have an effect on psy-
chological empowerment, but group work does not always lead to 
positive outputs. Workers appear to impose values on themselves 
rigidly, and initially excited and energetic participants find they start 
to feel burdened. At times, people may feel too much group work can 
turn into an ‘insidious form of control’7 reminiscent of a panopticon. 

After the Agile Manifesto was written in 2001, companies in many 
industries began to recognise the value of operational agility where 
workers and management have the ‘ability over time to respond 
quickly and effectively to rapid change and high uncertainty’.8 Agile 
is a ‘co-evolution of workplace and work’; an adaptation of kaizen, 
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or ‘continuous improvement’;9 ‘neither top-down nor bottom-up: it 
is outside-in’.10 So, agile is a form of total quality management and 
a high-performance work system, oriented around an approach 
whereby companies invest in human resource quality as a primary 
means to be and remain competitive.11 High-performance prac-
tices involve the introduction of employee involvement programmes. 
The company whose special workplace organisation is outlined 
below communicated a vision of the ideal agile workplace and set up 
systems to make this happen, fully involving workers by setting them 
up as subjects in an office experiment, reflecting total quality and 
high-performance systems. 

Agile emphasises the reduction of waste, similar to Taylorism and 
lean production. Yet while Taylorist ‘scientific management’ rede-
signed work processes through unilateral management decisions 
(supposedly to the benefit of all), the agile concept expects workers 
themselves to actively participate in decision-making and shaping 
their workplace. However, as Lazzarato critically points out, the tech-
niques of participative management seen in related systems are a 
‘technology of power, a technology for creating and controlling the 
“subjective processes”’.12 

the quantified, agile worker 

Having discussed the tenets of agility, let us now take a look at how 
workers might self-manage the process through developing specific 
subjectivities and skills as part of a contribution in affective labour, 
which is inherent to its operation and success. We may establish that 
agile workplaces require agile workers. 

Agile assumes that changes to the workplace are inevitable, because 
technology inevitably changes. This work design model was, as noted 
above, conceived in its current form by software engineers and pro-
grammers who aimed to reduce the delay in getting software projects 
onto the market by cutting red tape and organisational obstacles. 
Thus, the urgency for technologies to be ‘set free’, launched, invented 
and, in a way, discovered, trumps all other concerns. Therefore, 
agile apprehends a certain relationship between the human and the 



Designing Work for Agility and Affect’s Measure

189

machine. The machine will advance, whether or not humanity does, 
so we must position ourselves to allow this. 

Of course, there is a long history of arguments about the relation 
between the human and the machine, and Marx had much to say 
about this, as in the much-cited Fragment on Machines, where the 
human functions in the service of the machine. Agile goes even further 
in the sense that the supremacy of machines becomes so inculcated 
into the everyday that workers struggle to know whether they are in 
competition or in cooperation with them. Workers are expected to 
self-manage the impact of the constant change of technology through 
emotional management and affective control and the cultivation of 
new subjectivities which are amenable to group work and constant 
personal transformation. Managing change thus becomes an ‘all-of-
life’ responsibility, where wellbeing is the worker’s remit. Needless to 
say, corporate wellness programmes are made available to support 
workers’ resilience in the face of constant, inevitable change, rather 
than to prevent change or instability. The latter initiative seems to 
have left the building. 

In principle, the agile method eliminates the traditional manager 
and levels the playing field of management, requiring co-workers 
to consistently respond to clients and ensure the right technolo-
gies, products and services are delivered. Agile, of course, requires 
agile workers: agile in the sense that people are prepared for constant 
change and to make personal subjective changes, but also always on 
the move and mobile. These trends fit well with the quantified work 
trend,13 where workers are also expected to be perpetually available 
as well as trackable. Because of the shifts in work design that blur 
the lines between management and worker, work, identity and life 
become entangled, and it is increasingly difficult to log out, switch 
off, tune out.14 Agile workers ‘struggle to be left alone rather than 
to be included, a type of refusal that would have looked strange to 
their Fordist predecessors’.15 Affective labour under agile conditions 
increases because of the insecurity this work design model engen-
ders, and tracking it may help management discover the extent 
to which workers are likely to disengage or collapse – a kind of 
people analytics.
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tracking affective labour

Affective labour is social reproductive labour, where usually unseen 
and unrecognised work allows for the continuation of capitalist labour 
relations and the reproduction of capitalist subjectivities, and where 
workers must be resilient to survive conditions of inevitable change. 
Affective labour refers to ‘forms of labour that produce and circu-
late states of being, feelings of well-being, desire, ease and passion’,16 
which occur at a pre-visceral stage of experience. While affective 
labour (AL) is usually expected of women, it ‘does not refer to gender 
specific forms of work although [it is] at times defined as “women’s 
work”. AL refers to the interactive character of work, to its capacity 
to promote flows of communication, thus it is polyvalent with regard 
to the activities associated with it.’17 Affective labour reaches below, 
behind and above the corporeal. Measuring it is a form of manage-
ment control by means of the ‘modulation of affect’,18 by recording 
bodily and affective capabilities, as in the study outlined below, and 
by providing self-tracking devices, thus predicting worker collapse. 
Forms of affective labour become a ‘moral’ obligation imposed by 
corporate power, where subjectivities are required to be resilient to 
instability and where subjects take responsibility for personal wellness 
rather than associate stress and illness with poor working conditions. 

The process whereby affective labour is measured and quantified 
– which is what, as I argue below, happened in the Quantified Work-
place experiment – involves attempting to capture ‘invisible labour’, 
which in feminist literature refers to work that goes unrecognised 
and overlooked.19 Through agile systems, then, capital attempts to 
turn the use value in affective labour into an exchange, turning the 
concrete into divisibilities and abstractions, thus commodifying affect 
and potentially circumventing resistance. Affective labour, however, 
is not invisibilised without intention. Invisibility has the potential for 
revelation, but regulations for its viewing are already authored within 
specific parameters, dictating what is permissible, what is ‘seen’ and 
thus what is measured, which is a basic premise for the theory of 
working time.20 

The following section outlines fieldwork results from the author’s 
study of one quantified corporate wellness initiative which the 
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company entitled the Quantified Workplace. Project participants 
were, of course, not explicitly asked by management to self-track 
‘affective labour’ in the experiment, but our findings show that via 
tracking and measurements for ‘stress’, ‘subjective productivity’ 
and ‘wellbeing’, alongside physical movement, heart rate and sleep 
tracking, this is what occurred. Framing affective labour as facili-
tative of, and required for, change management at a personal level 
– and given that the project took place in the midst of a corporate 
transformation involving both a merger and a management shift to 
an agile system – the project reveals that new forms of affective work 
measurement become, potentially, an arena for management control.

the quantified workplace 

The Quantified Workplace project was run by one company over 
a period of 12 months from 2015–16 in the Netherlands. Manage-
ment distributed Fitbit Charge HR Activity Trackers devices to 30 
employees and installed Rescuetime tracking software on their work 
computers.21 The company provided individualised dashboards as 
well as a shared dashboard where all data from these tracking activi-
ties was stored and made visible to all other participants. Participants 
also received workday lifelog emails asking them to rate their stress, 
subjective productivity and wellbeing on a Likert scale from 1 to 5 for 
each item. 

The project occurred during a period of change management, 
involving a move towards a new workplace design agile model and 
a merger in which a multinational real estate company absorbed a 
smaller company of mostly work design consultants. The smaller 
company suggested and led the Quantified Workplace project. The 
project manager indicated that his intentions were to help workers 
adapt to an agile and mobile working environment and to see to what 
extent employees’ self-awareness, stress, wellbeing and ‘wellbilling’ 
(which he described as the amount of revenue an employee generates 
for the company) would be impacted during the period of transition. 
The company was interested in comparing subjectively and objec-
tively measured productivity, as linked to health and activity tracking 
and ‘billability’. 
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The research findings revealed that workers were expected to 
self-manage any emotional or physical impacts of the change, and 
self-reports via the daily lifelog emails represented a year’s worth 
of data on this process. Workers reported increased workloads and 
increased expectations for travel resulting from the corporate merger. 
While our study did not link specific change expectations to specific 
forms of affective labour, there was a notable rise in employees’ 
self-awareness, self-management and personal investment in wellness 
and physical and emotional preparations for work, as became clear 
from the results of data gathering exercises by the company itself 
and from our own surveys and interviews. Management wanted to 
know about this, which became clear from the required workday 
lifelog emails about stress, subjective productivity and wellbeing. 
This self-reporting data provided management with ways to cross-
check productivity scores across individuals’ perceptions and what 
we indicate as involving affective labour, while also increasing work-
loads and agile responsibilities for mobility and teamwork. 

Interviewees readily shared their own experiences of the impact 
of workplace changes, noting a heightened awareness of waning 
privacy, given the new tracking practices being rolled out; stress 
resulting from increased workloads and expectations for travel and 
mobility of work; feelings surrounding individual autonomy; as well 
as an increased sensitivity to physical and psychological wellbeing. 
Findings based on surveys and interviews showed that the highest 
increases in participants’ expressions surrounding the rise in affec-
tive labour related to feelings of increased autonomy, a concern for 
privacy and a sense of the need for support and coaching.22 

The data we obtained on people’s views on privacy are related to 
affective labour because, for example, the awareness of a desire for 
privacy is generated from a pre-visceral sense that becomes labour 
when it becomes a defence mechanism against changing manage-
ment practices such as a corporate merger and the introduction of an 
agile management system. Workers’ responses in interviews showed 
some individual increases in awareness of activities that fall outside 
traditional work parameters which we classify as falling into the cat-
egories of affective labour:
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‘I see when I’m frustrated my heartbeat is higher.’

‘[Participation in Quantified Workplace makes me] more con-
scious of activity, heartrates and wellbeing.’

‘I learned about my feeling of productivity, so productivity has 
nothing to do with invoices we can send to our clients and before I 
was thinking, okay, productivity is like just hours I’m working for 
my clients, but sometimes I feel very productive, just the internal 
things, so therefore it helps, the way I think about productivity.’

‘I’m more aware of the productivity, I think that’s it. It’s not that I 
directly improve my productivity, but I’m more aware of at what 
moments I’m productive, yeah, but that’s the next step, to base 
some actions on that.’

‘I’m sure it makes you aware of things you do.’

One participant indicated that he became more aware of his body as 
a result of participating in the project:

‘I think awareness is even more key than total change of behaviour, 
but that you are more aware of your body and what’s the problems 
for it and that you address that and start to organise your agenda 
around it.’

There was a high rate of exit from participation, at 75 per cent by the 
end of the project. There was also a high rate of increase in people 
indicating they had stopped using the technologies continuously, at 
73 per cent. Research results demonstrate resistance, both passive 
(based on interviews) and active (based on active withdrawal). While 
it was not possible to interview those participants who had dropped 
out of the project by the time the second set of interviews were held, 
the survey and some interviews demonstrated difficulties in using 
the technology as well as high levels of uncertainty about the validity 
and usefulness of the project, which may have applied to others who 
stopped participating in the project:
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‘A big question for me and for a few others as well, is uh, how 
reliable the FitBit is.’

‘This thing [FitBit] might be more intelligent than just recording 
my data.’

One respondent in the second round of interviews indicated 
frustration:

‘I don’t get any answers, I just fill in my things, but I don’t get an 
answer if it’s good or not, I just want to know if I was good and just 
start working.’ 

For those who stayed with the project, responses to the question 
‘How have your thoughts about the Quantified Workplace project 
changed?’ in the second stage of interviews showed further resis-
tance, including such statements as:

‘I still have doubts about the project. And I don’t wear the Fitbit 
very often. And when I wear it, it is for myself and to see how active 
I am.’

‘It confirmed my thoughts, which I had in the beginning. It is 
better to change your behaviour based on your feelings rather than 
a device.’

‘After monitoring my workplace behaviour over a couple of months 
I found out that it didn’t change a lot.’

‘I didn’t learn very much from it.’

It became clear that the Quantified Workplace project was imple-
mented to help employees self-manage the impact of corporate 
changes and to produce data about what I have identified as affective 
labour, which are areas of work that have historically been ignored by 
management. Data-driven technology acquired information about 
workers’ experiences of workplace changes. Given that quantification 
allows for seemingly ‘objective reason and disinterested rationality’,23 
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the very real possibility is that this kind of practice masks the inten-
sification of performance management. New tracking technologies 
and their applications neutralise actions taken on the basis of accu-
mulated Big Data and facilitate the new arena of human resource 
management called people analytics. 

conclusion

New uses of technologies in the quantified workplace are part of an 
emerging form of an updated Taylorism, that is, processes of subor-
dination in which the quantification of new areas of work through 
tracking technologies may help corporations keep up with cut-throat 
competition. In the long term, this approach may subsume life to 
capital to an unsustainable degree, destroying any possibility for 
qualitative experiences outside of capitalism, which both provide the 
basis for capitalist relations (as use value, labour power, desire), and 
are likely to trigger continued resistance and worker struggle. At a 
minimum, we can establish a declining wellbeing of workers and an 
associated regime of total mobilisation and surveillance as tracking 
technologies create anxiety, burnout and overwork. Neoliberalism 
continues to attribute such problems to workers’ failures to adapt, 
personal psychological shortcomings or educational deficits. They 
are, however, systematic effects of a particular labour process. 

Capital is tempted to invest in new self-tracking technologies not 
because it may improve the public good, regardless of the rhetoric of 
wellness that informs current wellbeing initiatives for workers, but 
because it can increase its profit ratios. But quantification of affective 
labour as part of the agile work design model assumes that all per-
formers start at an equal level of competence to play such a game of 
survival and to thrive. Existing skills, working time capacity and/or 
unequal access to social capital are ignored. These assumptions can 
easily result in discriminatory judgements and appraisals or induce 
extra stress and lead to work intensification and speed-up. 

Indeed, management did not reveal their subsequent use of data 
from the Quantified Workplace project to the author (nor, it seems, 
to the participants), but the possibilities are clear. The EU’s General 
Data Protection Regulation (GDPR), rolled out in May 2018, will 
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deal with some of the risks that new forms of data gathering in work-
places introduce, through requiring transparency and consent as well 
as human intervention into any decision-making using automated 
and algorithmic data collection.24 

Power relations in capitalist reproduction reflect Marx’s points of 
critique, and machines are now more than ever before the symbols 
for ‘the ordering of life itself ’,25 accelerating the labour process and 
dragging workers with them. Workers’ responses, including in the 
explicit disengagement with the case study outlined above, demon-
strate an awareness of the tensions surrounding new control 
mechanisms, underscore ongoing struggles in the contemporary 
labour process where agile is a key meme, and substantiate the 
urgency of reviewing all-of-life management strategies such as agile. 

The corporate project reported here demonstrates that agile 
systems rely on workers’ affective labour to self-manage external 
transformation, thereby running the risk of creating agile subjects 
under a perpetual state of alienation. After all, as the Agile Manifesto 
makes clear, computers and machines inevitably change and develop 
in accelerated ways, meaning workers must constantly train and adapt 
anew. While the power relations between humans and machines are 
taken into consideration, agile as a system does not fully crystal-
lise what is at stake for workers: the (im)possibility of a life outside 
of capitalism and beyond externalised parameters for data acquisi-
tion about working lives; encroaching alienation and subsumption 
as the surpluses of affective labour are perpetually abstracted and 
calculated to identify the possibility of worker collapse; and the 
acceleration of the calculation of everyday lives within neoliberal 
capitalism, where people are increasingly told to ‘measure your way 
out of misery’.26 We are reminded that ‘today’s management thinking 
takes workers’ subjectivity into consideration only in order to codify 
it in line with the requirements of production’.27 Indeed, the signifi-
cant worker resistance to the Quantified Workplace project indicates 
that new digitalised management practices are not a fait accompli. 
Future research must focus on how alienated workers respond to such 
methods of measurement in workplaces, and identify the emerging 
psychosocial and even physical risks that workers face in quantified, 
agile workplaces.
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Old Power in Digital Garb?

The labour process on crowdworking platforms

Christine Gerber

The push towards greater advances in technological innovation and 
the introduction of new machines have always fuelled fears of deskill-
ing and a loss of both autonomy and jobs. Yet if we look back at the 
history of automation, we see that it also allows for the creation of 
new tasks, as is currently impressively evidenced by platform-based 
online work, so-called crowdwork.1 This can be defined as the ‘paid 
provision of labour delivered digitally by geographically dispersed 
and formally self-employed/freelance workers, outsourced via an 
internet platform and managed entirely online throughout its exe-
cution’.2 Platforms like Upwork, 99designs or Clickworker organise 
a great number of tasks, ranging from simple audio transcription 
and image categorisation to sophisticated product development and 
solutions to scientific problems. Some of these tasks are separated 
from the workplace-based labour process, while others are entirely 
new or were never organised in such a way to begin with. On the 
whole, they comprise tasks that are performed by humans using a 
computer, but which computers cannot perform by themselves. The 
technological basis of this is provided by new information and com-
munication technologies (ICT), in particular algorithms that collect 
and analyse data and control processes and that are easily available 
through cloud computing. They allow forms of networking and coor-
dination that integrate labour processes independent of location in a 
seemingly novel and seamless manner and decentralise production. 
Through digital mediation, platforms not only expand access but 
indeed dissolve the boundaries that limit access to labour power and 
allow ostensibly infinite productivity potential to be tapped. 
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Yet valorising labour power at a profit presents specific chal-
lenges to capital. Just like traditional enterprises, platforms must first 
transform the labour power of the crowd into actually exerted and 
surplus-value-creating labour. According to Marx, this takes place 
in what is called the labour process, which management seeks to 
control.3 However, platforms lack the traditional workplace struc-
tures for doing so; instead, their management is confronted with an 
anonymous, mobile and globally dispersed workforce. 

In the literature, two distinct notions exist as to how crowdwork 
platforms organise labour processes in order to solve the trans-
formation problem. On the one hand, there is the thesis of the 
industrialisation of intellectual labour (that is, indirect, informa-
tion-processing tasks) via new digital technologies and the platform 
as the machine system of ‘digital capitalism’. In Germany, it is in par-
ticular Andreas Boes and his colleagues who argue that because of 
the informatisation of the production space, ‘intellectual tasks’ can no 
longer be organised ‘based primarily on individual dexterity, but via a 
division of labour in an “objective process” as with machine systems 
in “heavy industry” or with the assembly line in Fordism’.4 Some 
authors therefore also refer to crowdwork as ‘digital Taylorism’,5 with 
the focus on platforms like Amazon Mechanical Turk that organise 
standardised microtasks at low piece rates. According to this view, 
the actual novelty is the peculiar individualisation and invisibility of 
human labour as a result of the socio-technical design: as part of the 
software architecture, it assumes the appearance of a code which is 
available on demand and thus subjected to the platform’s rhythm.6 
The digital work environment, the argument continues, also allows 
for seemingly all-encompassing control. This description resem-
bles twenty-first-century Taylorist assembly line work: with the aim 
of maximising the relative surplus value, platforms systematically 
intervene in the subdivision and performance of labour. Labour is 
thereby subsumed in real terms, too, and subjected to the rhythm of 
the platform as the equivalent to the machine system.7 

Another interpretation conceives of platforms as intermedi-
ary, hyperpotent infrastructures in which transaction partners (i.e. 
buyers and freelancers) can find and interact with one another, while 
a large proportion of the operational costs (e.g. for fixed capital, qual-
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ification and control) is entirely outsourced.8 The crowd, comprising 
ostensibly self-employed workers, produces immaterial goods inde-
pendent of their location and in a largely autonomous manner. For 
the most part, they themselves own the means of production. Fol-
lowing this reading, platforms cannot assert full control over the 
process of value creation for they are unable to centrally dictate the 
labour process or the pace of work. In this sense, platforms replace 
traditional organisational control with market control. By owning the 
infrastructure, however, platforms can subsume the communicative 
labour and social knowledge resources that converge here and extract 
them in the form of valuable data.9 Hence, such an interpretation, 
which ties in with the ideas of post-operationalism,10 regards the 
subsumption of labour on platforms to be only formal, implying an 
expanded scope of action for those offering their labour: in addition 
to a higher degree of self-determination and autonomy for workers, 
their market power also increases, as the conception and execution 
of work, and thus production-related knowledge as a whole, is placed 
back in their hands. The implications of these two interpretations 
contradict one another: should the platform be regarded as a virtual 
variant of the traditional workplace form, or does it represent some-
thing entirely new? Can labour be subsumed under capital, even in 
real terms, via the platform, or is the autonomy of labour expanded? 

Proceeding from these questions, this chapter examines, firstly, 
how platforms organise the labour and production process against 
the backdrop of the specific problems of control and management. 
This serves, secondly, the purpose of finding an answer to a more 
general question: to what extent is a new, stable type of dispersed pro-
duction and capitalist labour emerging? The findings indicate that 
platforms by all means function as an alternative workplace: they 
organise a labour process independent of location and thus manage-
ment functions as a commodity for individual capitals. In this, they 
are guided – depending on the complexity of tasks – by known forms 
of work organisation, namely Taylorism and agile methods, which 
are then applied to the production of digital commodities. Although 
labour regimes emerge that are certainly more complex and flexible 
than is often assumed, it seems safe to believe that this work model 
represents a long-term rationalisation strategy only in certain niche 
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areas due to the short-term and anonymous nature of labour rela-
tions. The particular relevance of the work model appears to lie in 
the exploration of new, technology-based management systems for 
the transformation of labour power. It is above all the advanced and 
peculiar technological appearance in which workers are confronted 
with domination that dissipates and individualises the workplace 
conflict between labour and capital.11

challenges for the platform-based  
labour process 

One central topic for the sociology of work is the question of which 
forms of work organisation and workplace control management are 
developing as capital’s workplace representation in order to trans-
form labour power into surplus-value-creating labour. The labour 
process debate initially developed its theories on the basis of the 
guiding image of Taylorism which dominated the industrial rational-
isation paradigm throughout the twentieth century.12 In the Taylorist 
model, management secured its control over the labour process via 
the separation of execution and planning of manufacturing steps in 
accordance with the Babbage principle. As a result, processes were 
created in which unskilled labour forces manufactured complex 
products in many individual steps and could be directly controlled. 
Their work-related knowledge was objectified via the codification of 
work steps into machines; work was standardised and deskilled. 

The rising technological composition and complexity of produc-
tion, shorter innovation cycles, a higher degree of market competition, 
and the increasing significance of indirect production areas within 
industrial enterprises (such as administration, IT, research and devel-
opment) engendered new guiding principles of work organisation. 
On the one hand, management teams discovered their staff ’s creative 
capacities and experience-based knowledge as a resource for ratio-
nalisation and harnessed it through decentralised coordination and 
teamwork. On the other hand, the possibility of regulating perfor-
mance solely through direct control was reduced. Management 
teams thus increasingly relied on indirect control in order to estab-
lish a certain degree of ‘consent’ and ‘responsible autonomy’.13 The 
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new guiding principles were based on this logic of a systemic ratio-
nalisation via the decentral interlinkage of the individual work steps: 
lean production in industrial production and agile management in 
indirect production areas.14

At first glance, platform-based online work appears to constitute 
an entirely new rationalisation paradigm for capital. Production is 
decentralised and overheads are largely externalised. Labour power 
can seemingly be accessed in a matter of seconds, at any given time 
of day and for any type of location-independent task. Consequently, 
new productivity potentials can be tapped and a global reserve army 
becomes available. The crowd is individualised and scattered, het-
erogeneous, and often only temporarily active, making collective 
solidarity rather difficult, let alone organisation. Moreover, the time- 
or result-based competitive nature of platforms places workers in 
direct competition with one another. 

And yet even platform management teams are confronted with the 
transformation problem of labour. Added to this is the fact that they 
lack the traditional mechanisms of workplace-based labour man-
agement and control: instead of a shared workplace, working hours, 
colleagues and permanent tasks, they are confronted with anonymity, 
mobility and volatility. Radical marketisation presents platforms with 
specific management and control problems. On the one hand, crowd-
workers can withdraw their labour power at the click of a mouse and 
move to other platforms; many crowdworkers are in fact registered 
on several platforms. For platforms relying on network effects and 
monopolisation, this represents a crucial risk factor and can push 
them out of the market in a very short matter of time.15 The par-
ticularly high mobility could thus constitute a potential negotiating 
power for digital producers.16 At the same time, challenges emerge 
with regard to quality control and performance regulation, for 
labour forces cannot be trained, work knowledge cannot be stored, 
and subjective work potentials cannot be planned when an order is 
potentially processed by, at times, thousands of anonymous crowd-
workers simultaneously, who work flexibly around the globe. 

The crowd has a large degree of autonomy in the labour process 
due to the lack of direct access to the actual physical workers. The 
unknown and independent crowd mostly own their means of pro-
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duction, as the production of digital goods takes place on their own 
personal end devices and initially represents a black box for the 
platforms. The objectification of work and securing of domination 
within the labour process in this sense poses a special challenge, for 
the labour process can only be managed via the general, digital infra-
structure. Vaguely worded instructions, technical problems, a lack 
of direct communication, and inadequate or falsified qualifications 
can cause all kinds of difficulties to arise during the realisation of 
projects. Digital infrastructures, moreover, are not ironclad and the 
system can be gamed, both individually and collectively. For example, 
several people can work from one and the same account, give false 
information in their profile or deliver flawed work on purpose due to 
a lack of incentives or loyalty to the organisation. 

In the following, the ways in which platforms deal with such 
problems are examined.

labour processes on crowdwork platforms 

The literature lists three central functions of platforms.17 Firstly, 
platforms translate customer orders into structured workflows: they 
modulate the order into clearly defined and delimited units of labour, 
defining the mode of competition, quality control and payment. 
Secondly, they coordinate task allocation via algorithms, based 
on the constantly collected information that is centralised on the 
platform. Contrary to the crowdwork promise, access to work is by 
no means open to all. Thirdly, they establish sanctioning and incen-
tive mechanisms in order to indirectly mobilise activity and regulate 
performance, with digital reputations and game elements playing an 
important role. 

There are, however, differences in the particular arrangement of 
the labour process according to the complexity of tasks. This chapter 
distinguishes between microtasks and macrotasks.18

Microtasks

Many platforms (such as Clickworker or Figure Eight) specialise in 
the organisation of simple routine or auxiliary tasks (image categori-
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sation, audio transcription) or tasks that do not require any special or 
professional knowledge (surveys, app testing, short text production). 
The nature of these tasks allows for them to be broken down into 
short, extremely standardised and clearly defined task units that can 
be processed in a few seconds or minutes. Each microtask is designed 
so that a crowdworker can complete it independently of others, at any 
given time or place, and without needing to be familiar with either the 
customer or the end product. For the crowd, work becomes visible on 
their job dashboards only in the form of sub-tasks, and it can mostly 
only be processed there as well. 

If, for example, a company wants to digitalise thousands of pho-
tographs, the platforms break the task down in a way that one task 
unit is the tagging of pictures according to a certain category (e.g. 
colour). Content, such as product listings for a homepage, is trans-
lated by the platform into a large number of short text tasks with clear 
instructions, a defined word count and key words. As one crowd-
worker explains: ‘You get a certain number of words and are allowed 
to use only the information that is given to you. Sometimes these very 
closely defined specifications do restrict your work.’ 

This taskification is reminiscent of the Taylorist rationalisation 
paradigm: the separation of the immediate labour process from the 
individual skills of the worker; the separation of planning and task 
execution; central instruction in the sense of one-best-way work 
procedures; and comprehensive optimisation and control of the indi-
vidual work step. The breaking down is done either directly by a 
platform staff member (full service) or indirectly via the provision of 
standardised order screens (self service). 

As a result of this specific task design, the required knowledge is 
formalised and codified, and thereby centralised and expropriated. 
This way, the need for implicit, experience- or team-based work-
related knowledge is intended to be minimised as far as possible and 
labour reduced to its quantitative value creation.

There are indeed distinct skill levels on microtask platforms as 
well: for example, tasks involving the writing of texts often require a 
qualification test or a minimum ranking. Yet the tests are mostly as 
standardised as the tasks themselves. Likewise, the digital reputation 
often evaluates microworkers predominantly on the basis of objec-



Christine Gerber

206

tive performance criteria (past work evaluations, level of activity, 
membership period on the platform). The skill levels mainly serve 
as general control thresholds in order to exclude poorly performing 
online workers from certain, more sophisticated tasks. Individual 
selection based on qualifications or (specific, case-to-case) applica-
tions does not take place. 

In principle, all registered crowdworkers are supposed to be able to 
complete the microtasks without communicating with each other or 
being familiar with the customer or the overall product. Decentralised 
communication, teamwork or coordination between producers of 
the individual production steps, as in lean production, are unneces-
sary and mostly not even provided for by the digital infrastructure. 
This mode of labour division, which is inscribed in the technologi-
cal design of the platform, allows digital goods to be produced in a 
serial and geographically dispersed manner and with an anonymous 
and ever-changing workforce. At the same time, the scope of applica-
tion of this work and production model is severely limited as a result. 

That said, even microtasks require a minimum amount of com-
munication. Most platforms allow for exchange in separate forums 
outside the actual labour process. They primarily serve to promote 
the self-help and self-regulation of the crowd, allowing freelancers to 
solve work-related or technical problems, similar to the break room 
at a workplace, for they are often matched by only a small number of 
actual platform staff. At the same time, these communication spaces 
give the platform a human face, which can help raise the crowd’s 
company loyalty and motivation. 

The breaking down and standardisation of work into microtasks, 
furthermore, allow for a margin of error and direct control of work 
steps, both of which are required due to the high probability of error 
inherent to crowdwork. The final result of the sub-tasks can be deter-
mined to a certain degree beforehand and checked for correctness, for 
example, in terms of whether the T-shirt in a picture really is yellow, 
an audio sequence was transcribed correctly or the spelling and 
required key words for a short product description are accurate. It is 
often assumed that controlling is mainly carried out by algorithms. 
And for very simple tasks like photo categorisation, such automated 
control solutions do exist (for example, pre-programmed test tasks). 
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Most tasks, however, continue to be controlled by humans. This is 
an indicator of the limitations of algorithms. Human labour fills the 
gaps of automation even in the management systems of platforms. 

Controlling, in turn, is mostly outsourced as a paid task to crowd-
workers who have qualified for that task through high rankings or 
special tests. Yet no long-term work profiles or responsibilities follow 
from this, as they would in a workplace-embedded occupation: the 
controlling crowdworkers are usually just as anonymous and alter-
nate just as constantly as the entire crowd. Many crowdworkers 
criticise the unpredictability resulting from this. Given that not every 
microtask can be checked by a human, complementary algorithms 
are used, such as for the regulation of access to tasks or for the estab-
lishment of control intervals; both depend, among other things, on 
the reputation score. 

The crowd’s autonomy that results from management’s lack of 
direct control over and access to the individual physical workers 
nonetheless continues to make platforms prone to error. The crowd 
is stripped of this autonomy to some extent by the platform, as the 
platforms’ digital infrastructure is the actual work tool. With some 
exceptions, most tasks are technically designed to be completed 
directly within the platform interface. However, one central aspect of 
workplace-based labour management and real subsumption cannot 
be transferred to the virtual workplace: the exact work cycle. In 
industrial work processes, the subdivision of work steps is coupled 
to the production pace, and management is able to directly control 
the work cycle via the machine system. Yet crowdworkers can freely 
decide when they wish to work and which tasks they want to perform; 
in addition, it is up to them how long they take for a specific task, as 
long as they meet the specified deadline for the order. The work cycle 
cannot be directly integrated into the digital infrastructure, but only 
indirectly stipulated, namely via the piece rate, time-based competi-
tion and the digital reputation. 

Microtasks are usually remunerated with a piece rate that can range 
from less than one euro/dollar up to a two-digit figure. It mostly cor-
responds to a minimum hourly wage that is broken down to the 
estimated processing time and in line with the (minimum) pay rate 
crowdworkers have accepted in the past. Crowdworkers must there-
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fore complete tasks with a certain degree of time pressure, for if they 
take longer, the wage they receive is effectively lower. Indeed, this is 
a common point of complaint among crowdworkers. Furthermore, 
time frames are indirectly influenced by time-based competition, 
as tasks are allocated to those who accept and process them first. 
In order to conclude a task more quickly, i.e. to increase the work 
cycle rate, the piece rate is increased: the higher financial incentive 
increases competition for the task. Finally, it is also quite conspicu-
ous that activity represents a central variable in the digital reputation 
of many micro-platforms: frequently, only the ratings from the last 
month are taken into consideration; if a worker is inactive for several 
days, their ranking drops, and on some platforms this happens even 
when a worker does not actively reject an order. All this is designed 
to mobilise permanent activity and performance. 

By and large, the labour process on micro-platforms is heavily 
fragmented and standardised in order to valorise the labour power of 
a large mass of anonymous, constantly changing crowdworkers at a 
profit. The final product emerges as a result of the platform dis- and 
re-integrating the sub-units, thereby managing the labour process in 
a centralised manner. It therefore seems perfectly admissible to speak 
of an objectification and real subsumption of labour under capital.

Macrotasks 

What has gained far less attention is the great number of platforms 
(such as Jovoto or Upwork) which organise tasks with a high degree 
of required creativity or professional knowledge. Customers place 
an order with a platform for, e.g., the preparation of designs and 
product ideas, the development of software programmes or to find 
solutions to scientific problems. Although the tasks specify concrete 
targets, the end product cannot be entirely determined and stan-
dardised beforehand given the complexity of the production process 
and the required expertise: in most cases, there is no definitive right 
or wrong outcome. Therefore, the labour process cannot be directed 
in a centralised manner nor be broken down into sub-tasks. Instead, 
macrotasks are organised as projects that last several days or weeks. 
Remuneration is significantly higher here (three- to five-figure sums) 
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than on microtask platforms, but also more uncertain as the matter at 
hand is not the quantitative processing of tasks, but the acquisition of 
the best entry submitted. 

Marketplace platforms like Upwork resolve the resulting uncer-
tainty by limiting themselves to the placement function, creating 
(almost) pure marketplaces. Using complex tracking and ranking 
algorithms, they match a selection of potentially suitable freelanc-
ers with customers. The latter, however, place their orders online 
themselves, select and communicate directly with freelancers, and 
negotiate project schedules and remuneration bilaterally. The labour 
and production process is not tied to the platform but can also be 
transferred to other channels. 

This is contrasted by contest-based platforms such as Jovoto or 
CrowdMed, where customer orders are organised as contests lasting 
several days or weeks with somewhat standardised briefings and 
schedules. The launch of a project is followed by the submission phase 
in which the crowd compile their own submissions and upload them 
to the platform. This in turn is followed by intermediary stages, such 
as the rating and feedback phases, in which said entries are evaluated 
and commented on mainly by the crowd community (all registered 
members), and at times also by customers, a jury or platform guides. 
These phases often also allow for rectification and adjustment of sub-
missions. The last step is the curation phase, in which the customer 
selects the winner(s) (mainly based on the preceding rating). A quote 
from a staff member of a US design platform accurately sums up the 
way that macrotask platforms standardise and rationalise creative 
work: ‘[Our] platform adds considerable structure to the design 
process […] in that we ask very specific questions and indicate dead-
lines. Halfway down the line, after four days, they have to select a 
group of finalists […] And to be honest, we try to speed matters up 
even more [and] make the process even more efficient.’ By spec-
ifying standardised and short-cycle project schedules, platforms 
determine the work schedule and cycle at least in part, changing the 
labour process in real terms, too. Although a first draft is produced 
entirely autonomously on crowdworkers’ own desktop PCs, and the 
work tools, such as software programmes and private files contain-
ing individually accumulated expertise or materials, belong to the 
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producers, relevant work steps are then added subsequently, e.g. con-
trolling, communication and collaboration. In order to become an 
end product, the drafts must first undergo these work steps. This part 
of the labour process is transferred to the platform, through which it 
becomes the actual site of production, at least in part. 

Even on contest platforms, the control over the performed work 
can thus be organised in an efficient and decentralised manner by 
the crowd – in contrast to microtask platforms – in the form of 
unpaid extra work. The reason is that automated controlling solu-
tions for the production of such subjective goods are very limited to 
begin with, e.g. to the testing of file formats. The crowd upload their 
intermediary results and final products to the platform where all 
registered members are then encouraged to report spam and plagia-
rism, provide feedback and criticism, and evaluate submitted entries. 
As a reward for this community engagement (or, rather peer-to-peer 
control), they receive reputation points. Given that neither customers 
nor the community can review hundreds of entries or profiles, macro-
task platforms filter and draw up a limited shortlist of likely adequate 
entries or online workers via complex predictive algorithms. On the 
one hand, the underlying data for doing so come from the perma-
nent tracking of the online workers that coalesces into their digital 
reputation. They include not only objective criteria (performance 
evaluation, certificates and skills, activity), but also subjective ones 
(community engagement, communication and collaboration with 
the community and customers, additional off-the-job experience). 
On the other hand, the algorithms are fed by the permanent interac-
tion (likes, evaluations, reporting, comments) on the platform itself.

While communication during the labour process is hardly needed, 
nor is it technically possible on microtask platforms, lengthy discus-
sion threads and countless ‘likes’ within the individual projects and 
personal profiles can be observed on contest platforms. On many of 
these platforms, lively – albeit project-centred – discussions ensue, 
in which problems in the labour process are considered and resolved 
collectively; submitted entries are debated and collaboratively 
refined. The implicit and subjective knowledge that is essential for 
the production of creative and complex goods may not be standardis-
able or generalisable, but at least it becomes visible and appropriable. 
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Contest platforms appropriate the experience-based expertise and 
the intelligence of the masses, referred to as crowd wisdom. 

However, from this emerges another specific characteristic that 
makes the platform prone to error: the collaboration comes into 
conflict with the high degree of competitiveness. Contest platforms 
seek to resolve this contradiction through incentive systems and 
gamification. Many award reputation points for collaboration and 
community engagement, some even issue proper awards that may 
boost portfolios or constitute a separate financial incentive. 

The form of short-cycle project work with intermediary stages 
and performance targets, the significance of implicit knowledge as 
well as the decentralised and indirect control through autonomous 
self-management, team collaboration and peer-to-peer control, 
resemble the agile work methods which have acquired wide popu-
larity, particularly among white-collar office workers.19 Although the 
required work-related knowledge cannot be standardised or codified, 
the underlying high-skill processes, which represent a black box 
to management, are to be made visible nonetheless. In contrast to 
microtasks, the required expertise on macrotask platforms cannot be 
standardised and codified; the opposite is the case, because subjec-
tive skills are essential. Indeed, a task may not be tied to any specific 
person, which would contradict the principle of crowdwork, but the 
person processing it does have to deploy their subjectivity. 

In effect, a strongly individualised visibility and subjectivation can 
be observed on all kinds of macrotask platforms. A staff member 
describes the profiles on the contest platform she works for as follows: 

Here you see her badges [game elements used for behavioural 
control]. […] [She] is particularly active, giving other creative 
workers feedback and constantly encouraging people. […] That’s a 
kind of social status on the platform. [She] earns [points] for each 
interaction. That is, whenever [she] gives feedback on an idea, 
evaluates an idea, submits ideas of her own or sets up a team. 

The intention is to use recognition and praise as an incentive in order 
to attract professional freelancers; at the same time, precisely these 
subjective resources represent an important type of skill. In contrast 
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to the often-claimed invisibility, the crowd on macrotask platforms 
have to present themselves as talented experts in order to set them-
selves apart from the mass of competitors.20 For individuals, this 
work regime can lead to subjectivation and the pressure to market 
oneself: what is required is an ‘entrepreneurial self ’ in order to sell 
one’s own labour power on the online labour market.21

The specific form of subsumption found on contest platforms 
for macrotasks is not constituted by centralised instruction of the 
labour process, but rather by the networked, decentralised inter-
action, as a result of which the collaborative substance and the 
subjective resources are subjected to the conditions and dynamics of 
capitalism.22

old power in digital garb

The investigation shows that crowdwork marks the emergence of a 
novel but by no means consistent type of capitalist labour. Within 
this new set up, distinct processes and degrees of real subsumption 
are appearing which, depending on the respective complexity of a 
task, are comparable in many regards to existing workplace-based 
(in particular Taylorist and agile) labour processes. The form of sub-
sumption that characterises microtask platforms is the fragmentation 
of the labour process, and the centralisation and standardisation of 
the work-related knowledge. Platforms thereby react to the con-
stantly changing and anonymous workforce in order to let them 
produce simple digital goods in a proto-Taylorist labour process in a 
serial and standardised manner despite workers’ physical and formal 
autonomy. At the same time, this form of work organisation severely 
limits the scope of application. 

On macrotask platforms, by contrast, online workers retain their 
high degree of autonomy even in production, for the labour process 
cannot be broken down and objectified, and the work-related knowl-
edge and expertise remains implicit. The task at hand is rather to 
subsume the individual’s subjectivity in real terms by making com-
munication and interaction integral parts of the labour process, which 
in turn take place in the production space of the platform. Regard-
less, it can be assumed that this work model will also remain confined 
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to certain niche activities that do not require any business-specific 
knowledge or long-term responsibilities. Yet the complexity of the 
labour regimes on macrotask platforms in combination with the 
general normalisation of a neoliberal self-entrepreneurship suggests 
that platform-based online work may certainly represent a viable 
long-term rationalisation strategy in some areas of creative and more 
highly skilled tasks, for example, as the counterweight to agile man-
agement methods in white-collar occupations. 

In both cases, the active structuring role played by platforms can be 
observed. While they radically marketise labour compared to work-
place-based employment, they assume a role that is equivalent to 
the workplace in the socio-technical triangular relationship between 
capital and labour: they translate customer orders into a labour 
process which materialises labour in the form of use values. In this 
sense they organise management functions as a commodity. This may 
represent a sequence of (evolutionary) change in capitalism: from the 
early capitalist company patriarch via corporate management23 to the 
external platform, capitals tend to manage themselves less and less. 
The emerging management regimes potentially rationalise not only 
workplace-based labour but are also themselves highly rationalised, 
for example, in the sense that the crowd is included in decentralised 
and mutual control. 

What is new is the advanced and peculiar form in which workplace 
domination confronts the individual in a neutral, technological guise. 
Similar to the machine system, workplace domination is objectified 
in the materiality of the platform: its algorithms and designs con-
stitute its political and social power, for whoever controls the space 
and interfaces and manages access determines action scope and thus 
rules. That said, positing the platform as equivalent to the Marxian 
machine system, as may be concluded following Andreas Boes and 
colleagues, appears to go too far: due to the formal independence 
and lack of direct access, platforms cannot directly subject the indi-
vidual workers and their labour to their desired rhythm and thereby 
alienate them. Instead, they govern through infrastructural power: 
a more restrained power that structures space, interests and prefer-
ences instead of bodies; a power that rules without ruling.24
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This gives rise to a number of fundamental implications for those 
offering their labour. What emerges is a hybrid labour regime that 
can be characterised as dependent independence: online workers 
are formally self-employed, highly mobile and flexible – and yet, 
their working conditions depend on the platforms. The technolog-
ical form lets domination appear as absent and as an indisputable 
order. The workplace conflict is anonymised, dispersed and individu-
alised. Instead, fragmented and de-collectivised ‘solo capitalists’25 are 
needed who self-economise and, especially on macrotask platforms, 
market themselves in order to sell their labour power. However, plat-
forms are by no means ironclad, and the field of tension between 
radical market dependence and the construction of autonomy is at 
times resolved in the form of problems of acceptance, deviant work 
behaviour and practices of resistance.26 In addition to this, the crowd’s 
high mobility represents a considerable power resource. 

Crowdwork underscores the labour-intensive flip side of digital-
isation. The generalisation of the work model seems limited due to 
the specific problems of management and control. Crowdwork ought 
to be seen mainly as a field of experimentation for new forms of 
administration of capital as well as workplace domination via digital, 
infrastructural power, which may rule certain layers of the work-
force in the future and will by no means necessarily remain limited to 
self-employed platform work.
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14
The Machine System of the  

Twenty-first Century?
On the subsumption of communication  

by digital platform technologies

Felix Gnisa

According to various pundits, the advent of digital technologies has 
heralded a phase of economic reproduction with particularly favour-
able conditions for the overcoming of capitalist societies. Big Data 
analyses and additive production processes such as 3D printers are 
hoped to allow for the management of economic processes via decen-
tralised planning instead of the market.1 The immaterialisation of the 
means of production, for example in the form of software codes, is 
to render the distribution principle of private property redundant.2 
Projected advances in automation may in fact pave the way towards 
transcending the work-centred society.3 Such considerations build on 
the notion that the plausibility of post-capitalist ambitions is substan-
tiated not least by the existence of conceivable efficient alternatives 
to a market-organised economic mode that exercises control over 
labour. Another important criterion of such a post-capitalist economy 
is the extent to which digital technologies enable the immediate pro-
ducers to organise the production process independently. For there is 
no justification for planning fantasies that concern society as a whole 
if they are not supported by the democratic control over production 
and thus run the risk of cultivating bureaucratic rule even beyond the 
market-based organisation of social reproduction – a fact evidenced 
by the tragedy of state-bureaucratic socialism.4 

The digital platform economies that have emerged over the past 15 
years represent a suitable object of study to discuss this problem. As 
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digital pioneer industries, they reflect a new productive logic of capi-
talism in which the objective for companies is less the manufacturing 
of products than making communication infrastructures available 
in which users, workers, retailers and companies can interact with 
one another.5 Consequently, they differ considerably from the kind 
of work organisation which led to rather pessimistic verdicts regard-
ing the possibilities of the democratic organisation of work: the 
industrial factory subsumed in real terms. Against the backdrop of 
this pessimistic comparative screen, these verdicts help emphasise 
how digital capitalism establishes a new quality of labour subsump-
tion – and thus a new relation between production, the technological 
control over labour and the conditions of appropriating technology – 
that differs from its industrial predecessor.

real subsumption as a pragmatic problem  
of technological appropriation

Marx introduces the concept of the formal and real subsump-
tion of labour under capital in order to describe transformations of 
organisational forms and technologies motivated by the structural 
dynamics of the capitalist mode of production. Marx describes arti-
sanal production in the putting-out system of mercantile capitalism 
as subsumption in formal terms. Although the labour of craftsmen 
was integrated into the value-creation cycle of capital, their specific 
organisation of work was left untouched. In the process of real sub-
sumption, however, the mode of work is itself reorganised so as to 
meet the requirements of an economy based on market competition.6 
The result is the kind of industrial work organisation for which studies 
in the sociology of work based on the theorem of real subsumption7 
issued a sobering productivity diagnosis. What was fundamental in 
these studies was the observation that the rationalisation of indus-
trial labour occurred essentially via gains in time efficiency, and that 
the economy of time was implemented via the separation of concep-
tual labour and the actual performance of work tasks: work-related 
knowledge and expertise were concentrated in the work and planning 
offices of the factories, and the majority of producers were instructed 
in the detailed work steps which had been devised beforehand. Sub-
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dividing labour and training workers to be specialised in one task 
meant they completed monotonous work more quickly than the 
skilled craftsman who had the ability to complete all individual pro-
duction steps. This technique of rationalisation found its material 
embodiment in the technology of the industrial factory, the machine 
system: the specific skills expropriated from manufacturing workers 
were inscribed into tools and moving machinery which determined 
the rhythm of work, and the majority of producers were accordingly 
forced to follow the production flow. In the process of real subsump-
tion, two structural characteristics of capitalist societies thus become 
inscribed in the form of productive technology: the dimension of the 
centralisation of work-related knowledge reflects the class structure, 
and the dimension of cycle time reflects the exchange-value impera-
tive, as market advantages for individual companies are essentially 
achieved via the reduction of living labour. However, both the dom-
ination of labour and productivity are established simultaneously in 
this process: domination, because the majority of workers no longer 
possess the knowledge concerning the labour process; productivity, 
because that is what accelerated the serial production of standardised 
goods and made mass production possible in the first place.

The process of real subsumption thus poses a pragmatic problem 
for a progressive transformation of society that prefers not to abandon 
the wealth potentials it has developed. The coupling of efficient 
economic reproduction with a means of production that cements 
the disenfranchisement of the majority of workers can cause serious 
problems for the project of a democratic organisation of the labour 
process. After all, what is relevant for the latter is the knowledge per-
taining to the production process.8

productivity: allocation and efficient 
information regimes

The factory subsumed in real terms organises productivity through 
the centralisation of work-related knowledge and expertise. Digital 
platforms, by contrast, are only functional because they allow com-
panies to access and extract productive knowledge that is not located 
within their organisational boundaries, but instead with scattered 
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producers. This is illustrated by four platform types which organise 
productive activity.9

1) Platforms in the gig economy such as Uber, Helpling or Airbnb 
allocate jobs to self-employed taxi drivers or cleaners or allow indi-
viduals to list private holiday lets.10 The platforms possess neither 
the material resources nor the labour forces to offer certain services, 
but rather provide a digital infrastructure in order to connect work 
orders, resources and labour. As such, they rely both on the produc-
ers’ material resources and the knowledge about the existence of 
certain resources and labour forces that can only be provided by the 
producers.

2) On microtask platforms like Amazon Mechanical Turk or Click-
worker, low-complexity tasks are tendered for bids. The portfolio 
ranges from text production for product descriptions, the transcrip-
tion of audio clips, or the tagging of pictures to the translation of 
short text content. The work is particularly low-skilled. The compa-
nies placing the orders, however, not only rely on the knowledge of 
producers for the completion of tasks, they also have no idea who a 
certain assignment should be completed by. The matching up of talent 
and tasks is organised via the independent acceptance of projects by 
the labour forces.11 As workers themselves thus contribute the knowl-
edge concerning the effective matching up of capacity and orders, it 
is possible to oversee a high number of clickworkers with only a few 
staff members. On the largest microtask platform, Crowdflower, 5 
million registered workers are managed by 100 employees.12

3) On creative platforms such as Jovoto, which coordinate product 
innovation or the design of brand logos,13 or the software develop-
ment platform Topcoder,14 orders are also tendered to a large crowd. 
In contrast to the microtask platforms, however, this is high-skilled, 
creative work, which means these platforms make highly implicit 
knowledge accessible for companies. Yet, here too, crowdworkers 
decide individually whether they are adequately skilled for a task that 
is tendered. On German-language crowdworking platforms for high-
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skill tasks, around 94,000 registered members are supervised by only 
23 internal platform staff.15

4) Social media platforms like Facebook or Google allow users to 
socially interact with one another so that the platforms can target 
them with personalised advertisements. By posting content and 
comments, making friends or joining groups, users produce a network 
of cultural knowledge which, when analysed, forms a cartography of 
needs, preferences and lifestyles. Although it may appear somewhat 
strange to refer to the users’ behaviour as labour,16 their communica-
tion, in terms of its relevance to the dimension of advertising, by all 
means constitutes productive activity within the value-creation cycle 
of capital and can thus be interpreted in terms of subsumption.

What all these platforms have in common, despite the different 
‘labour processes’ they organise, is that they collect information on 
productive capacities, resources and needs which are used for the 
coordination of production. The knowledge accumulated on plat-
forms, then, is not relevant for the immediate production process 
itself – the platforms do not organise or supply the driving of cars or 
the programming of software – but for the coordination of producers. 
The platforms make it possible for an Uber driver to be made aware 
of a passenger in need of a ride, for the cultural artefacts produced 
by users on Facebook to be exposed to rating by digital communities, 
or for companies to source the specifically qualified labour force who 
can contribute productive knowledge. The information condensed in 
digital infrastructures therefore rather constitutes allocative knowl-
edge, and platforms are in this sense allocative means of production, 
as they allow for the allocation of required tasks, resources and 
capacities. 

As the allocative means of production that they are, platform tech-
nologies constitute a fundamentally different form of productivity 
than the industrial machine system. Marx considered productivity to 
be the cheapening of goods, in the sense that ‘more commodities [are 
produced] with a given quantity of labour’.17 This entails a certain logic 
of production which assumes that labour does not mainly consist of 
designing products but of materialising them. In standardised indus-



Felix Gnisa

220

trial production, products are designed by research and development 
(R&D) departments, after which engineers in equipment construc-
tion design corresponding production systems; work offices then 
define individual work steps, and workers complete these tasks. Here, 
rationalisation means giving the intellectually conceived product a 
material body with as little expenditure of labour as possible. That is 
the path of real subsumption: a production logic in which engineers 
and management possess the knowledge about the product, and the 
bulk of manufacturing workers materialise it. 

Another notion of productivity is put forward by Yochai Benkler, 
a theoretician of network production: productivity is the function of 
labour capacity and the resources to which it has access.18 It assumes 
that the product is non-standardised, immaterial or dynamic, and 
labour therefore in this case consists primarily of conceptually 
devising the product. 

The different types of platforms are good examples of this: neither 
the client nor the management of crowdworking platforms know 
what a code for a certain program or an advertising campaign they 
commission is supposed to look like. Similarly, the Big Data analysts 
of social media platforms cannot decide which cultural practices 
enjoy most popularity, as the ad-placing companies, for whom the 
datasets are evaluated, rely precisely on users revealing their pref-
erences so that advertisements can be personalised. The product is 
non-standardisable. 

Likewise, on platforms in the gig economy, in which no creative 
labour is sourced, the product ultimately cannot be determined: 
the management of Uber, for example, cannot plan which demand 
for a ride shall be attended to by which driver. The product, that is, 
the matching of resource and demand, is temporally and spatially 
dynamic and therefore relies on the informational contribution of 
the drivers. 

At first glance, microtask platforms offer an update to the Taylorist 
system of industrial labour, as they are marked by the tendering of 
extremely fragmented sub-tasks.19 That said, this subdivision of the 
process as a whole is not accompanied by a knowledge of the desired 
product on the part of the commissioning party. This is a signifi-
cant difference to labour in the industrial factory and results from the 
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immaterial character of the labour product. In the industrial produc-
tion of material goods, work offices were able to determine the result 
even of individual sub-tasks because workers ultimately only serially 
materialised the pre-existing non-material concept of a product. If, 
by contrast, the translation of a text already existed in the head of the 
person or company placing the order on a microtask platform, there 
would be no task to be completed; yet by actually completing it, its 
producer creates new knowledge. The fact that clients know nothing 
about the product they are pursuing is evidenced by the model of 
control through which they ensure the adequate completion of a 
task. Most of the time, tasks are performed by several clickworkers 
at once, and algorithms identify individual deviations as dysfunc-
tional solutions. The uncertainty about the final form of the labour 
product is to be reduced by a comparison of the knowledge supplied 
by the involved clickworkers, and yet it cannot simply be resolved 
through the absolute transfer of the production-related knowledge to 
the commissioning client.20

If the product is in fact conceptualised and designed by the 
producer in all of these cases, then for a company that does not 
know whose labour capacity is best suited to resolving a production 
problem, the most effective procedure is to address this problem to 
the greatest possible number of producers so that an adequate labour 
capacity becomes aware of it. This is the essence of Benkler’s pro-
ductivity logic: the greater the potential functions of labour capacity 
and resources, the greater the benefit of the digital infrastructures. 
In contrast to the materialising productivity of the machine system, 
allocation is thus largely immaterial productivity, as an effective 
matching relation is the result of the condensation of information.

alienation: the subsumption of communication

Proceeding from allocative-immaterial productivity, as opposed to 
the materialising productivity of the machine system, a new form of 
labour subsumption can be identified. Platforms conduct allocation 
in a way that subordinates producers to independent communication, 
just as manufacturing workers are subjected to the independent tool 
machines. This circumstance is illustrated quite pointedly by two 
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platforms and their algorithmic mechanisms: the gig platform Uber, 
and the microtask platform Amazon Mechanical Turk.

Uber

Uber organises living labour through three algorithmic tools. 
Firstly, an algorithm automatically matches up drivers and pas-

sengers. Drivers do not have the option to preselect preferences for 
passengers but have to decide, based on the information provided by 
Uber regarding location, name and rating of the passengers, whether 
or not they wish to accept a request. After a deadline of 15 seconds has 
passed without the request being accepted, the ride is automatically 
allocated to another driver. The criteria for this allocation remain 
unknown to the drivers. Frequently, they receive requests for an area 
which could be reached more quickly by another driver. Apart from 
the criterion of distance, the mutual rating of drivers and passengers 
or the log-in duration may serve as the underlying data that is used 
for matching. For example, drivers who activate their app for a longer 
period of time may be allocated rides with a greater distance.21 

Through the so-called surge-pricing algorithm, secondly, dynamic 
prices are calculated for highly frequented areas and times. As soon 
as demand in a given area exceeds supply, these zones are displayed 
as surge-pricing zones in the drivers’ app. Aggressive incentives such 
as sending push messages even when the app is turned off, repeated 
notifications of potential surge-pricing zones when a driver logs 
out, or sending emails regarding predicted high-demand volumes 
all serve to stimulate drivers’ financial motivation. The predictions 
concerning peak hours are based on the evaluation of previous trip 
data.22 For drivers, by contrast, it is uncertain whether they will profit 
from the surge-pricing periods, as the allocation algorithm may just 
as well direct them to passengers outside those zones. What is more, 
Uber threatens exclusion from the platform if drivers reject requests 
outside the surge-pricing zones. That is to say, on the one hand, the 
placement of algorithmically calculated incentives activates the pool 
of living labour in order to compensate for frictions in demand cycles. 
On the other hand, the algorithmic allocation mechanism ensures 
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that messages that make drivers aware of higher earning opportuni-
ties are not used against Uber’s matching logic. 

Thirdly, allocation is managed based on the mutual rating of drivers 
and passengers and the calculation of request-acceptance rates. Uber 
pays a guaranteed hourly wage for a minimum acceptance rate, but 
also ‘deactivates’ drivers whose rate is too low. A value of 4.5 out of 
5 can be enough to be deactivated. Drivers are thus under constant 
pressure to receive favourable customer ratings and develop a ‘service 
mindset’23 in order to increase customer satisfaction – for example, 
by detecting, via subtle conversation and eye contact, whether a pas-
senger wishes to engage in conversation, which music is desired, 
or whether the air conditioning is too cold.24 The algorithmic per-
formance evaluations and acceptance rates are sent to drivers on a 
weekly basis in order to encourage them to adopt a work attitude that 
is conducive to the platform’s objectives.25

Amazon Mechanical Turk

A number of crowdsourcing tools have been developed for the micro-
task platform Amazon Mechanical Turk which companies can use for 
the automatic management of clickworkers who perform complex 
tasks. One of them is Turkomatic,26 which organises the coordina-
tion of a subdivided labour process via the independent cooperation 
between algorithms and producers. The programme first creates a 
form for the task definition – for example, writing a product descrip-
tion for an online retailer – which is filled in by the commissioning 
client and in which a fixed price for the completion of a HIT (Human 
Intelligence Task) is tendered. Subsequently, different segments of the 
task are presented to the crowd following a pre-programmed proce-
dure. The crowd then returns solutions, on the basis of which further 
production steps are tendered. 

The first HIT consists of assessing whether the complexity of the 
task is adequate for the tendered price. Should a clickworker decide 
that this is not the case, Turkomatic devises another HIT in order to 
partition the task. This process is repeated until the complexity of 
the task falls to a level that matches the fixed price, upon which Tur-
komatic asks a clickworker to decide, in the form of a HIT, whether 
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the sub-tasks should be completed sequentially, that is, building on 
one another, or in a parallel process. After all fragmented HITs have 
been completed, Turkomatic composes a so-called merge-HIT which 
asks clickworkers to piece together the sub-tasks. The preliminary 
results of the sub-tasks are tendered for assessment by other workers 
in all stages of the process. Should preliminary results be marked 
as entirely dysfunctional, the algorithm automatically tenders once 
more all tasks that are in need of review. 

In both cases, all the knowledge conflated in the product is provided 
by the workers, yet, as the dispersed crowd that they are, they do not 
consciously engage in this cooperation but are subjected to the work 
steps and coordination methods determined by algorithmic tra-
jectories. Producers do not cooperate with each other, but with the 
algorithmic machine, serving it as communicators who send infor-
mation so that it can plan the subsequent labour process. In this sense, 
they enter into a dynamic managerial relationship with technology, 
in which, however, workers are deployed as elements of an overall 
system whose management targets are defined by automated com-
munication methods. Producers participate in a jointly constituted 
pool of allocative information, yet the circulation of this information 
– its communication – is structured via expropriated channels that 
are not controlled by workers, but serve capital-functional criteria: at 
Uber, information concerning requested rides in combination with 
surge-pricing information serves the swift matching of demand with 
supply, while the rating mechanisms serve to foster a disciplined, 
functional work attitude. The self-management and fragmentation of 
work on crowdworking platforms serve the cheapening of labour,27 
the reduction of internal management costs,28 and the protection of 
internal knowledge resources of the companies placing orders.29

Considering the two dimensions of real subsumption – class struc-
ture and the economy of time – we can identify a specific form of 
subsumption. In the dimension of class structure, the platforms 
expropriate work-related knowledge – in the form not of immedi-
ate production-related knowledge, but of allocative knowledge. A 
reorganisation of this knowledge according to the provisions of the 
economy of time and thus a timing of production, however, cannot 
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be attributed to platforms. Platforms create matches, but not the 
acceleration of production. In order to cope with the uncertainty as 
to whether the labour intensity exerted for a product corresponds to 
the socially given productivity level, the (commercial) platforms all 
rely on the financial constraints of the piecework rate. Here we find 
a parallel to the historical stage of formal subsumption. As a result 
of the lack of knowledge regarding the labour process, the owners of 
manufactories and factories were unable to enforce their performance 
expectations through work instructions, but had to try to implement 
them using financial power – for example, by coupling the wage of 
industrial workers to the volume of manufactured products through 
subcontracts.30

The fact that the time dimension of real subsumption is irrelevant 
to the dominant character of technology is illustrated, on the one 
hand, by the distinct production logic and thus the non-standardised 
dynamic and immaterial character of labour products that are gen-
erated by platforms and for which timing specifications are difficult 
to implement. On the other hand, and when following the notion 
of online platforms as pioneer industries of digital capitalism, it is 
somewhat indicative that time efficiency, in an economy in which 
digital platforms appear to become expedient, plays a less important 
role than favourable matching relations.

appropriation: a technology from the workers’ 
perspective and the weight of the immaterial 

The specific quality of subsumption, finally, allows for conclusions 
regarding the extent to which an efficient work organisation is nec-
essarily accompanied by an expropriation of work-related knowledge 
and expertise. The concept is thus useful for fathoming the possi-
bility of the transformation of technology in favour of a democratic 
organisation of work. In principle, such a technology would have to 
express that the work-related knowledge is controlled by producers. 
With regard to the organisation of work in an industrial context, this 
means that the work-related knowledge which producers are sub-
jected to by the machines must be shifted back to the workers. From 
the perspective of workers, technology would have to regain the 
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status of a tool and be subjected to their control. However, this also 
points to a pragmatic appropriation dilemma for the technology of 
the factory subsumed in real terms, in which productivity and domi-
nation are closely coupled: the restitution of work-related knowledge 
and expertise runs the risk of straying into a return to artisanal forms 
of production and thereby neutralising the time efficiency gained 
through the previous expropriation. One example of such an attempt 
was the proposal for Telechiric (remote control) devices developed 
by shop stewards at the UK-based Lucas Aerospace Corporation in 
the 1970s, which were intended to allow workers to control robotic 
tools via gear sticks and TV cameras instead of having to adjust to 
the movements of automated tool machines.31 Telechirics would 
have been subjected to the control of workers and would certainly 
have expanded their physical and optical capacities; whether they 
would have been capable of making production more time-efficient, 
however, is questionable. 

The subsumption of communication, by contrast, may well hold 
more favourable conditions for such a project of appropriation. 
Finally, let us turn to three indicators that support the notion that the 
effectiveness of allocative productivity is not dependent on the disen-
franchisement of producers. 

Firstly, allocative knowledge is constituted as a common pool 
of information. The task at hand is thus no longer one of return-
ing this allocative work-related knowledge to producers. Rather, 
an alternative technology would require a method of communicat-
ing information that accommodates the needs/expectations of all 
producers; the criteria of allocation would have to be the result of 
a democratic negotiation process. Existing concepts in computer 
sciences concerning platforms, which allow for decentralised power 
supply in smart grids32 and allocate the provided resources based not 
only on efficiency criteria but also on fairness criteria, point to the 
plausibility of such possibilities. The crucial aspect is that such an 
alternative organisation of allocative professional expertise need not 
prevent the possibility of effective allocation. 

Secondly, the principal character of platform technologies consists 
in the fact that they cope with uncertainties in the labour process; they 
make it possible to organise a labour process in which it is unclear 
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what the product should look like, or at what time and which location 
it will be needed. This uncertainty also leads to an irreducible residue 
of control on the part of producers within the labour process – it 
is not the algorithmic tool Turkomatic that determines the specific 
fragmentation of the labour process, but clickworkers. This suggests 
the fundamental possibility of organising labour processes through 
platforms which proceed from far-reaching controlling opportuni-
ties for producers – for example, in the sense that all those involved 
in the translation of a text have an overview of the process as a whole 
and thus decision-making competencies in individual work steps – 
without neutralising the effective achievement of matching relations.

The fact that the relation between productivity and dominance is 
no longer constitutive, is ultimately also illustrated by the lack of a 
link between capitalist Landnahme33 and the development of produc-
tivity. The machine system was the peak of a development that began 
with the independent craftsman and ended with industrial produc-
tion. The development of wealth and capitalist Landnahme were 
closely intertwined. The platforms’ productivity logic, by contrast, 
was detected by Yochai Benkler in the context of the Free Software 
movement of the 1990s, which was able to develop software products 
that are essential for today’s network infrastructure.34 Today’s plat-
forms thus emulate a work method which represented an efficient 
organisational form under non-capitalist conditions. It is there-
fore questionable whether the dominance over labour has actually 
injected new productive dynamics into this particular mode of work. 

Should these assumptions be accurate, efficient economic repro-
duction and workers’ control over their own work environment 
would no longer be a contradiction. The productive logic of capi-
talism may thereby open up a new scope for a democratisation of 
work organisation, which could form part of a societal transforma-
tion strategy as a whole.
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15
Digital Labour and Prosumption  

under Capitalism
Sebastian Sevignani

The term ‘digital labour’ is on everyone’s lips these days. Broadly 
speaking, it denotes the most diverse activities, such as the 
extraction of rare earths for the information and communication 
industries (ICT), industry and services supported by digital technol-
ogies (Labour and Industry 4.0), or the production of hardware and 
software. This chapter focuses on the (core) area of digital labour that 
is most interesting and challenging in terms of a theory of capitalism: 
the production of information and data that occurs during the use 
of information technologies such as the internet and ‘social’ media.

The term ‘social media’ is to be understood as all those socio-tech-
nical arrangements that are not exclusively the means of human 
cognition but allow for mutual communicative relationships which 
may also form cooperative structures between human beings. For 
example, there are countless subjective reasons why Facebook users 
share their views (cognition) with a large number of other users 
on the platform, exchange feedback (communication), perhaps set 
up a group in the long term (cooperation) and become active on 
behalf of certain issues even outside of Facebook. The internet, as a 
system of globally connected computers, is engendering a new social 
action space.1

The concept of prosumption underscores the synchronicity of pro-
cesses of production and consumption. This movement of thought, 
which considers distinct functional economic realms in their neces-
sary interconnectedness, is nothing unusual when proceeding from 
a Marxian perspective.2 Prosumption, then, serves to describe the 
conflation of distinct areas and roles that were originally conceived 
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separately, in the sense that the behaviour of consumers is harnessed 
for the production of goods and services, and consumers assume 
productive roles. This feature existed even in the pre-digital era of 
the consumer society.3 For instance, consumers engage in produc-
tive activities when they clear their tables in fast food restaurants or 
recycle supposed ‘waste products’ from their own household. 

In the information space, digital prosumption acquires a decisive 
new quality: due to the particular characteristics of information, 
namely that other consumers can hardly be excluded from its use and 
it is not used up when consumed, production and consumption roles 
can immediately coincide temporally and spatially (and often do so 
unnoticed by the ‘prosumer’). Given that each and every consuming 
act leaves a trace in the information space, which can then be used for 
production, and more and more actions are linked to the information 
space, these supposed ‘waste products’ of digital prosumption consti-
tute a new sphere of accumulation for capital, as represented by tech 
giants like Google or Facebook. 

The precise role of the phenomenon of prosumption in the theory 
of informational capitalism has been and continues to be the subject 
of a controversy (conducted mainly in the English-speaking world) 
that we know as the Digital Labour Debate.4 In the following, I would 
like to substantiate which approach to the problem of prosump-
tion, in terms of social theory and capitalist theory, I consider to be 
conducive. I begin by addressing the question of whether it is justi-
fied to speak of digital prosumption as actual labour. I then discuss 
whether digital prosumption can be exploited, before finally situat-
ing the debate around the economic value of digital prosumption in a 
broader theory of capitalism that takes into account the articulation 
of distinct modes of production.

prosumption as digital labour

If you ask internet users to describe their online activities, very few 
would refer to it as ‘work’. The reasons often stated are that the use of 
social media takes place during one’s free time, that it is regarded as 
a fun activity, that no (tangible) product emerges, and that it is not 
remunerated. However, proceeding from this everyday understand-
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ing does not explain the matter in any great depth. Our experience 
in capitalism narrows our understanding of what actually consti-
tutes work (e.g. that only wage labour can be considered ‘real’ work). 
If this everyday notion of work is simply reproduced, the result is 
an analytical blind spot when critically reflecting on activities that 
deviate from this norm. The political conclusion one may then draw 
is perhaps the idea put forward by the early socialist Charles Fourier, 
namely to abolish work as such, which was criticised by Marx.5 

A critical theory therefore begins by seeking to expand the 
common concept of work. Marx provides several starting points for 
doing so, and this expansion has been further refined by neo-Marx-
ist approaches. Marx’s point of departure for political economy is the 
distinction between concrete useful work, which produces use values, 
and its capitalist form of abstract labour.6 Moreover, he emphasises 
that even if work does not dissolve into play, it can be the source 
of pleasure nonetheless. The expansion of the concept of work has 
since been emphatically recommended by a whole range of differ-
ent authors and theoretical schools: Marxist feminists have pointed 
to the problems of a wage-centred notion of work and the corre-
sponding privatisation and concealment of the production of life and 
female labour power.7 Proceeding from Fourier and psychoanalyt-
ical considerations, Herbert Marcuse discussed the possibility of a 
sensuous quality of work.8 The works produced by Marxist-oriented 
cultural studies have redefined the relation between base and super-
structure, considering communication as a process associated with 
the social base.9 Critical psychology, basing itself on Activity Theory, 
has reconstructed the link between work and language from an evo-
lutionary point of view.10 Critical linguistics and semiotics argue that 
communication is a form of production (of signs).11 And, finally, the 
post-workerist (or ‘post-operaist’) tradition, which is today more 
broadly discussed in the context of informational capitalism, has 
popularised the concept of immaterial, communicative and affective 
labour.12 

Similar to the theory of social informatisation,13 I propose to con-
ceptualise digitalisation as a development of the system of human 
productive forces and part of the broader process of informatisa-
tion. In this sense, prosumption can be understood as informational 
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work. The system of human productive forces consists of the active 
subjects who use means of labour to work on objects; in the process, 
the subjects also develop and take shape while redesigning both 
themselves and the external natural world. They objectify the capac-
ities and skills they have acquired in previous activities in the form 
of labour products and (re-)appropriate them in renewed work 
processes. Each of these tasks requires cognitive skills. What distin-
guishes the skills of human beings from the impressive architectural 
skills of bees, according to Marx, is the fact that bees cannot visualise 
and plan their construction, their hives, beforehand.14 

This act of intellectually preconceiving a work process assumes 
an independent material shape in the form of information and, 
subsequently, machine-processable data. To illustrate this, take the 
following example: data, which are nothing but electronic impulses 
or digits, become information once they acquire a certain meaning. 
The number 37.9 becomes information when it is displayed on a 
(Celsius) temperature scale that ends at 45. In that case, 37.9 is a high 
temperature, indicating fever and an illness within the human body. 
The process of informatisation occurs in a reverse manner: knowl-
edge and experience are reduced to information, detached from their 
context and thereby become shareable between different individuals. 
Compared to the broader process of informatisation, digitalisation 
signifies further reduction, an even stronger detachment of experi-
ence in the form of data.15 In this way human experience can, firstly, 
be shared more quickly. Secondly, at an informational level, it can be 
modified as well as combined and integrated with other bodies of 
knowledge available in the form of data and information – and this 
can be done without a renewed appropriating reference to a world 
of experience that (in the meantime) may have changed. Informa-
tion and data represent objectified human cognitive capacities and 
thus labour products, albeit not those that are tangible in the tradi-
tional sense.

Analogous to this broader understanding of work, it seems 
appropriate to also expand the objective elements of the system of 
productive forces and thus the concept of the means of production. 
Raymond Williams suggested construing means of communication 
as means of production.16 They include information (or formalised 
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data) as means of labour and media as socio-technical arrangements 
in which the information can be modified, combined and processed 
through human labour power and knowledge.17 From this perspec-
tive, prosumption means working with means of communication and 
producing information. 

Digital informatisation as the development of productive forces, 
for instance, creates the potential to discuss and compare situational 
knowledge and experience with general social requirements at a very 
fast pace and with the inclusion of all those affected. In other words: 
the opportunity arises to connect many (partial) production publics 
with a largely general and democratic public. This emancipatory per-
spective, however, is obstructed by the predominant conditions in 
capitalist societies. On the one hand, there is structural inequality; on 
the other hand, the objectified human capacities turn against their 
own creators, which can be described as alienation. This raises the 
question as to what extent both – exploitation and alienated sociali-
sation through value – apply to the phenomenon of prosumption in 
informational capitalism.

exploited digital prosumption

In its more general meaning, exploitation signifies a social mechanism 
that ties the ‘good fortune of the strong’ to the ‘misery of the weak’.18 
The connecting element between the two antagonistic ‘classes’ is the 
circumstance that the exploited are excluded from the productive 
resources and the appropriation of the proceeds generated through 
their labour. The exploiters, by contrast, own the relevant means and 
the products of labour. In this general use, the concept of exploitation 
can certainly be applied to digital prosumption.19

What is crucial for this purpose is that the means of commu-
nication in their function as means of production must not be 
exclusively equated with control over a technical device and access 
to an information space. Nor does the concept neatly fit into an own-
ership relations model. Adopting a perspective inspired by Marx, 
the primary objective is not to define the ‘legal term’ of ownership, 
but rather to characterise relations of production20 which regulate 
control over the reproduction and means of life. This includes func-
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tional equivalents to private ownership, such as the network effects 
associated with social media that must be taken into consideration 
when it comes to control over the relevant means of communication. 
Private ownership of, say, technical communication infrastructure 
certainly plays a role here, but it is not an exclusive role. A smart-
phone with a Facebook app only becomes a relevant means of 
communication in combination with a data centre, which allows for 
centralised social media, as well as the resources of attention and 
reach. If these resources are distributed unevenly, there is social pres-
sure for internet users to use one of the available and popular social 
media services, as they would otherwise risk social and communica-
tive exclusion in a digitally connected world. Based on the secured 
control (at least in terms of ownership) over technical infrastructure 
(software, servers) and labour forces (innovation, marketing, etc.), a 
small number of commercial enterprises manage to take advantage 
of network effects and channel attention and communication pro-
cesses. Correspondingly, the most used global online services are all 
operated by private companies seeking to make a profit,21 with only 
one exception (Wikipedia). 

Different business models are conceivable in the information space. 
For example, direct payment for internet services (such as online 
newspapers with a paywall), which is, however, rarely the case with 
the more popular services that are mostly accessible free of charge 
(e.g. YouTube, Google’s search engine and Facebook). In the case of 
these cost-free services, the business model consists of either adding 
the option for users to purchase additional services/features or gener-
ating income through the sale of advertising placement. 

We may speak of exploitation when the users’ activities, their pro-
sumption of information, is used for this business model. Their 
cognition, communication and cooperation are harnessed for valori-
sation purposes. This requires surveillance through which users and 
their activities can be identified, classified and assessed in a compar-
ative manner.22 In the advertising model, surveillance is most evident 
as the results are offered to advertising clients. 

Surveillance always involves the exchange of private data, legit-
imised through a privacy policy.23 A central passage of Facebook’s 
Terms of Service reads:
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You own all of the content and information you post on Facebook 
[…] For content that is covered by intellectual property rights, 
like photos and videos (IP content), you specifically give us the 
following permission, subject to your privacy and application 
settings: you grant us a non-exclusive, transferable, sub-licensable, 
royalty-free, worldwide license to use any IP content that you 
post on or in connection with Facebook (IP License). (Clause 2 of 
Facebook’s 2015 Statement of Rights and Responsibilities)

In the context of this privacy policy agreement, I would like to draw 
an analogy between Marx’s workers who are free in the double sense, 
and internet users who also enjoy two freedoms. They are free from 
the ownership of the means of communication (first freedom), yet, 
in legal terms, are the owners of their data, which is at their own free 
disposal (second freedom). This way, the exchange of private data 
in return for the services offered by online platforms is legitimised, 
which includes the surveillance of prosumer activities and the appro-
priation of the data they generate.

Contrary to the notion that prosumptive activities are only formally 
subsumed under (communicative) capital – that is to say, the actual 
activities are harnessed for valorisation purposes but not transformed 
by them – there is good reason to assume that the exploitation of 
prosumption does not leave these activities unaffected.24 Precisely 
because surveillance-based business models rely on their users’ pro-
sumptive activities, the owners of the means of communication 
interfere with the cognitive, communicative and cooperative pro-
cesses in the information space. Surveillance-based business models 
become more profitable as users reveal more valorisable data or 
generate more valuable information. Due to their control over the 
means of communication, commercial social media, unlike alterna-
tive, non-commercial social media, heavily influence user activities 
to this end. The fact that informational capitalism frequently causes 
crises of privacy may be considered evidence of the subsumption of 
prosumption under capital, as users experience the development of 
social media oriented towards commodity production as a breach of 
their autonomy.25 According to this analysis, (class) struggles against 
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exploitation can today manifest themselves in struggles for data pro-
tection and privacy, and against surveillance.

prosumption and value in an expanded  
theory of capitalism

Among the most controversial questions discussed in the context 
of a critical theory of informational capitalism is the analysis of the 
economic valorisation of prosumption. This is about, firstly, the 
question as to whether prosumption actually entails the production 
of value and how it is distributed among distinct classes. Secondly, 
the question emerges about an expanded theory of capitalism that 
goes beyond the narrow Marxist definitions in Capital: capitalism 
appears as a complex structure of interplay between distinct modes 
of appropriation and production.

Activities can, firstly, contribute to capital accumulation or be a 
functional element thereof. Marx differentiates between different 
means of capital accumulation in the form of profit, rent and com-
mercial revenue. Rent represents a form of income that can be realised 
through the monopolisation of productivity-enhancing means, say, 
through the leasing of land. Commercial revenue is achieved by 
taking advantage of price levels. To Marx, both forms ultimately con-
stitute deductions of profit produced elsewhere and are thus a form 
of inner-economic redistribution between distinct capital classes. 
Activities that enable profit-making contribute directly to capital 
accumulation, while those that make rents and commercial revenue 
possible do so only indirectly. Functional activities for capital accu-
mulation, then, are those which create the conditions for these 
valorisation opportunities. They can be referred to as reproductive 
activities.26 This includes, for example, care activities that repro-
duce labour power as well as activities which produce and ensure the 
natural and political27 and – relevant to this study – informational 
or knowledge-related28 preconditions for capital accumulation. The 
creation of these enabling opportunities may follow other logics than 
that of capital accumulation and can be organised, say, in a com-
mons-based form,29 such as the production of free software on which 
alternative social media can be based. 
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Secondly, all these activities can be paid or unpaid. In value-
theoretical terms, there is a controversy here – in reference to Marx 
– about how to measure value. A substantialist labour theory of 
value associated with classical political economy is confronted with 
a theory of a logic of validity that strictly ties value to monetary 
exchange and thus to the wage form.30 While the former position 
allows for value to be measured in terms of (labour) time expended 
at the site of production, the latter position emphasises that value is 
a social relation which cannot be directly measured but is expressed 
only through money. Expended labour has no value if its products 
cannot be realised on markets and in the form of monetary values. 
In my view, the second of these two positions more accurately takes 
into account the circumstance that something is today considered 
valuable only if it features in a number of official statistics, such as 
on gross domestic product (GDP), while it emphasises the important 
role of money. Under capitalism, all produced values aspire to being 
realised in the form of money. 

In my understanding, this outlined political-economic set of tools 
can only inadequately be represented by the distinction between 
productive and unproductive labour – which Marx did indeed make 
but used too inconclusively.31 Capitalism consists of a complex and 
crisis-prone articulation of different modes of production. With 
regard to digital capitalism, this insight – which is quite widespread 
in critical development theory in peripheral countries32 – also 
manifests itself very clearly in the capitalist centres. On the one 
hand, we can observe capital strategies that rely increasingly on the 
‘Landnahme’33 of the results of prosumption whenever informational 
products are appropriated. Such Landnahme, however, also occurs 
where commodity production is coupled with an alternative mode 
of production that remains intact. Interaction in commercial social 
media, which is based on the philosophy of giving or a commons 
model rather than on exchange, can, for example, be ‘tapped’ for the 
purpose of commodity production. 

Against this theoretical background, the limitation of Marx’s 
analysis in Capital, namely that the exploitation of labour is forced 
into the wage form, i.e. the commodity form, becomes clear.34 His 
main interest here lies in the continued existence of the exploitation 
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mechanism under the political and economic conditions of wage 
labour that is free in the double sense, and the (incomplete) gener-
alisation of a mode of production in which the wealth of a society 
appears in the form of commodities. Moreover, in Volume One of 
Capital his main focus is on the production of profit and not on 
processes of inner-economic redistribution. When Ursula Huws, pro-
ceeding from that analysis,35 defines this form of labour – in terms of 
a theory of capitalism and class – as labour ‘inside the knot’, she does 
justice, in analytical terms, to the structuring role of capitalist wealth, 
which can only be measured in money. However, she underestimates 
the fact – which is rather significant with regard to the transforma-
tion of capitalism – that capitalism can face challenges from outside 
the realm of productive wage labour as well. Contradictions and fric-
tions can be found not only ‘inside the knot’ of capitalism, but also 
in relation to the ‘outside’ that facilitates it. Experiences, values and 
norms that are acquired from the appropriated outside can come into 
conflict with the capitalist ‘logic of value’.36

Capitalist development occurs as a complex inside-outside 
movement.37 It always entails the internalisation of external elements, 
the inclusion of externalised areas, the occupation of a not (or not 
yet) fully commodified outside. Class struggle is therefore not only 
about the intensification, limitation or even cancellation of capitalist 
exploitation. Class action is also always aimed at shifting the bound-
aries between areas of inclusion and exclusion in society, paid and 
unpaid labour, exploitation and over-exploitation, etc. For example, 
in some fields of prosumption it is not the struggles around and for 
a (better) wage that take centre stage, but, say, in the case of social 
media, the infringement of privacy standards (negotiated between 
users) by commercial actors whose access to private data cannot 
be prevented by the privacy regulations built into the technological 
structure of these media. That said, the social debate around privacy 
– and this once again underscores the particular social significance 
of the ‘knot’ of paid productive labour under capitalism – is strongly 
oriented by the discourse of (capitalist) private ownership and the 
market, as even a wage for Facebook users is being demanded. 

Digital prosumption, to build on Alvin Toffler in making reference 
to (Marx’s) theory of capitalism, is therefore not only the temporal 
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and spatial coincidence of production and consumption in a certain 
mode of production, but also that of reproduction and production, 
and of several modes of production. Proceeding from the deliber-
ations presented here, it can assume various forms of activity. Its 
‘nature’ does not allow for a conclusion regarding its political-eco-
nomic role in capitalism. Prosumption can be paid or unpaid, it can 
directly contribute to capital accumulation or be a functional element 
thereof in various ways.

digital prosumption and facebook

To conclude, I would like to illustrate the presented reflections based 
on the example of Facebook. Facebook is a stock-market listed com-
mercial enterprise that runs an online service which generates profit 
for the company, largely through advertising. The social network and 
everything that occurs within it serves the purpose of capital accumu-
lation. Advertising clients are offered the opportunity to target their 
ads directly at potential customer groups that are compiled using 
highly refined criteria. The advertising firms invest in Facebook ads 
either to increase the sale of their own goods or to establish market 
barriers for their competitors by channelling the audience’s attention. 
Today a growing share of advertising spending is invested in online 
ads. This allows some social media to be profitable, while other, tra-
ditional recipients of ad spending (the ‘old’ mass media) are thrown 
into a funding crisis. 

The use of Facebook constitutes prosumption. User interactions 
(liking, sharing, commenting, etc.) can be understood as the objectifi-
cation of knowledge into information and the renewed appropriation 
and integration of this information into subjective knowledge. The 
formalisation of information into data so characteristic of the infor-
mation space allows for a new mode of network formation (that is, 
e.g., more independent of specific locations), and this itself, in turn, 
does not follow the logic of capital accumulation. Although what 
takes place on social media has often been described – in reference to 
Pierre Bourdieu – as a competition for symbolic and social ‘capital’, 
i.e. for recognition and prestige, the purpose of social network build-
ing is not monetary return. I regard prosumption on social media 
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as a non-capitalist mode of production which certainly allows for 
cooperative elements alongside the competition-driven allocation of 
recognition. The deployment of the products and means of prosump-
tion does not, in the interaction between users, follow the logic of 
exclusion and exploitation. 

Yet prosumption on Facebook is permanently monitored, which 
serves two objectives that can be attributed to two distinct modes of 
production. On the one hand, there is horizontal surveillance, the 
precondition for social network building. It allows users to keep them-
selves informed about each other’s activities. Vertical surveillance, 
then, aims at integrating prosumption into a mode of production 
oriented towards capital accumulation. This marks the moment of 
exploitation of users, which then feeds back into their social network 
building. The aim of vertical surveillance is to identify, classify and 
comparatively assess the prosumption data in view of marketable 
goods. Access to the collected data may be made available to inter-
ested parties directly for a fee, which, however, would somewhat limit 
Facebook’s special role as custodian of the access to users and thus, 
ultimately, the valorisation opportunities. In the dominant business 
model, the prosumption data (most of which is automated and only 
some of which is processed in the form of wage labour) constitutes 
the raw material for the creation of user profiles, which allow adver-
tising clients targeted access to the attention of certain customer 
groups. Vertical surveillance constitutes exploitation because Face-
book’s financial income correlates with the duration, but also with 
the intensity, of digital prosumption and network building and thus, 
consequently, also the unequal distribution of the means of commu-
nication.38 Facebook’s interest in the valorisation of social network 
building in turn engenders a structuring effect. Correspondingly, ever 
since the company’s stock-market launch, there have been numerous 
interventions into the process of objectification and appropriation of 
prosumption at the level of data extraction, and the data collected on 
the platform has been combined with data generated elsewhere in the 
information space in order to satisfy shareholder expectations. For 
example, Facebook increases the volume and quality of monitored 
data through ‘like’ buttons which can be found on many different 
websites. User data are not only collected on Facebook’s own website 
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but throughout the entire internet, promising valuable insights into 
consumer preferences. Another example of the influencing of user 
activity are the so-called sponsored stories that are placed promi-
nently in the user’s timeline (Facebook’s homepage), as a result of 
which the user’s intended communication is interrupted by advertis-
ing messages.

User prosumption on Facebook is unpaid and, as an activity, does 
not contribute directly to capital accumulation. Yet, given the surveil-
lance, it is tied to the accumulation of capital and a functional element 
thereof. Without the exploitation of prosumption Facebook would 
have no valorisation opportunities. Facebook’s current earnings rep-
resent an inner-economic redistribution of profits from advertising 
capital to commercial social media. While it makes perfect sense to 
speak of the exploitation of users of commercial social media, it is 
a form of exploitation that differs from the reproduction of social 
inequality through wage labour analysed by Marx.

conclusion

In pursuing an expanded theory of capitalism as outlined in this 
chapter, the task at hand is to take struggles that occur in external 
functional areas, such as the struggle for privacy, more seriously in 
class-theoretical and political terms. But what exactly does that imply? 
I would like to close with a few brief remarks on this. One strength of 
the concept of exploitation is that it focuses on the disadvantaged as 
producers of their own misery. Applying the concept of exploitation 
to prosumption means that it is users’ activities that substantiate the 
power of the tech companies in the first place. From this perspective, 
we may assume an objective interest in organising the legitimation of 
existing power structures in the information space in a more decen-
tralised and egalitarian way, given the potential inherent in the means 
of communication – a task which, needless to say, must be politically 
organised. While the question of whether users can (objectively) be 
ascribed an interest in change must be answered in the affirmative, 
the significance of these struggles for the production of capitalism as a 
whole seems more difficult to determine. On the one hand, it certain-
ly depends on the share in globally earned profits of those companies 
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whose business models are based on the exploitation of prosump-
tion, and is, in this sense, rather something of a side issue.39 On the 
other hand, it would be a mistake to measure the significance of com-
municative struggles exclusively based on their economic weight.40 
After all, relations of communication constitute and provide a space 
in which (class) struggles can emerge. In this sense, struggles for a 
non-commercial, non-exploitative, decentralised and democratically 
organised information space should not be underestimated.41
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16
Artificial Intelligence as the Latest 

Machine of Digital Capitalism – For Now
Timo Daum

Although the debates surrounding the discipline may have fallen 
quiet for a few decades, Artificial Intelligence (AI) is currently seeing 
an unprecedented renaissance. The public debate is dominated by 
notions of general artificial intelligence, i.e. machines whose cogni-
tive capacities are comparable to those of human beings in terms of 
both quality and quantity. They are thought to be capable of either 
triggering a Third World War, as Tesla founder Elon Musk seems to 
be convinced of, or, alternatively, peacefully taking over power, as 
German AI guru Jürgen Schmidhuber believes.1

The implementation of such ‘strong AI’, however, does not appear 
to be on the agenda anytime soon. On closer inspection, the reality 
is far more tenuous. No matter whether it is image recognition, the 
preselection of applicants, driverless vehicles or social scoring, AI is 
always involved – but in its ‘weak’ variant. In some very limited areas 
of application, it may indeed be able to perform certain cognitive 
tasks, automate processes and even improve over the course of its use 
– no more, but no less either.

There has been a maturation of AI methods which enable digital 
capital to optimise its data extraction. The leading companies in 
digital capitalism have specialised in the generation of valorisable 
information from vast amounts of data and turned this activity into a 
profitable business model. Capital is thereby establishing a new form 
of business in which the extraction, evaluation and valorisation of 
data constitute the essence of economic activity.

The extraction, processing and analysis of these raw data increas-
ingly occur via AI-based software. In many areas, AI applications 



Artificial Intelligence as the Latest Machine

243

owned by tech corporations are on the brink of mass marketisation 
and becoming everyday phenomena.

a brief history of ai

AI is a little bit like God: although there is no tangible proof of its 
existence, it does cause an awful lot of commotion. This holds true 
at least for ‘strong AI’, which is all about automats that can compre-
hensively compete with human cognitive capacities. Strong AI rests 
on the notion that human cognitive capacities – consciousness, 
empathy, morals – and higher cerebral functions are not tied to a 
certain biological materiality, but may just as well be copied by suffi-
ciently powerful computers. Particularly in Silicon Valley hopes run 
high that artificial and natural intelligence will merge in the none-
too-distant future.2

The mission statement devised at the 1956 Dartmouth Conference, 
which established the discipline, expressed the conviction ‘that every 
aspect of learning or any other feature of intelligence can in principle 
be so precisely described that a machine can be made to simulate it’.3 
Initially, the preferred method – favoured, for example, by AI pioneer 
Marvin Minsky – was a top-down approach, in terms of an attempt to 
program the rules underlying human behaviour.

Weak AI, by contrast, is limited to developing trained cognitive 
systems for specialised tasks such as the categorisation of image 
content. In reference to Patrick Langley, such systems could be 
termed ‘idiots savants’,4 which may display a talent in a given area 
but are utterly useless beyond this field. Here, a bottom-up approach 
was followed, in the sense of an emulation of neural networks that 
simulate brain cells and learn new behaviours.

The early days of ‘good old-fashioned AI’, as Hector J. Levesque 
refers to the euphoric beginnings of AI research, were marked by 
boundless optimism.5 Constructing learning, thinking machines 
that were on a par with human beings seemed not only desirable and 
feasible, but was thought to be a goal that was only a few computer 
generations away from becoming a reality.

In 1959, the American AI pioneer Arthur Samuel coined the term 
‘machine learning’ to describe software with built-in self-learning 
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processes, i.e. that was able to independently develop models from 
large datasets.6 Deep learning, in turn, represents a subdomain of 
machine learning; it is based on artificial neural networks that emulate 
the human brain in order to achieve highly efficient learning. The 
aim of neural networks is to identify and evaluate structures within 
the data that are fed into the system (input), and to autonomously 
generate results (output) through many repeated runs of those data. 
Deep learning proceeds from statistical data analysis, not a determin-
istic algorithm. Initial successes with neural networks were achieved 
as early as the 1970s. Following a highly critical report by the math-
ematician Sir James Lighthill in 1973 and the termination of funding 
by US Congress, AI research-related activities noticeably ebbed away: 
the so-called ‘AI winter’ had begun.

When AI is talked or written about today, it is usually with regard 
to machine learning applications. AI expert Alpaydin summarises 
the current situation: ‘As it currently stands, the vast majority of the 
AI advancements and applications you hear about refer to a category 
of algorithms known as machine learning. These algorithms use sta-
tistics to find patterns in massive amounts of data.’7 Why is it, then, 
that we are currently witnessing the renaissance of decades-old 
technologies?

On the one hand, methods of machine learning have reached the 
brink of profitable application thanks to cheap and efficient computer 
hardware and the refining of certain methods. The Taiwanese-born 
American venture capitalist and AI specialist Kai-Fu Lee considers 
AI technologies to be approaching mass marketability, as profitable 
business models are within reach and there are no longer any tech-
nical obstacles to their widespread application. He thus speaks of an 
‘age of implementation’: products employing AI, such as personal 
assistants, chatbots and automated driving software, are reaching 
product maturity and are about to conquer the mass market.

Added to this is the existence of colossal amounts of data in many 
applications, which are usually collected automatically and at no cost 
(Big Data), and made available as training data for machine learning. 
In contrast to previous stages of the discipline, in which scientific 
advances took centre stage, we have now entered the ‘age of data’ 
(Kai-Fu Lee). The volume of training data determines the quality of 
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the AI applications into which they are fed. As a result, those who 
have the most data in a given field of application today stand the best 
chance of providing high-quality AI-based applications.

The data corporations from Silicon Valley have a significant edge 
in this regard. The major tech enterprises, which have managed to 
secure a dominant position in the past, increasingly rely on AI tech-
nologies. These corporations possess the largest data collections 
worldwide, have the most capital at their disposal to hire the best 
talent in the business and, at the same time, have the greatest base 
of both users and data suppliers for their AI applications. Apple, 
Amazon, Alphabet, Microsoft, Facebook and IBM are the names of 
those who share the AI pie – outside of China. In China, the situa-
tion is similar. Here, the Big Three – search engine Baidu, internet 
company Tencent and Amazon clone Alibaba – have the largest data 
collections, most user profiles, strong cloud-computing infrastruc-
tures, immense financial resources and sufficient computing power 
to dominate AI.

The deep learning pioneer Andrew Ng compares the current wave 
of AI-driven software with the emergence of electricity. ‘About a 
century ago, we started to electrify the world through the electrical 
revolution. By replacing steam powered machines with those using 
electricity, we transformed transportation, manufacturing, agricul-
ture, healthcare and so on. Now, AI is poised to start an equally large 
transformation in many industries.’8 Like electricity, AI will become 
a base technology, powering a multitude of digital applications. In 
sum, AI-related technologies are on the path to becoming the most 
important processing and valorisation machine in a data-extracting 
model of capitalism.

three valorisation mechanisms

Tech corporations have become the most profitable and powerful 
enterprises in the world – Alphabet, Amazon, Apple, Facebook and 
Microsoft top the list of the most valuable firms. All the companies 
listed are digital tech enterprises, i.e. organisations whose business 
relations with employees, customers, suppliers and other external 
partners are organised via digital networks.9 They embody a type 
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of capitalism in which information – its generation, distribution via 
networks and, ultimately, capitalisation – takes centre stage.

Big Data, that is, the automatic accumulation of vast amounts of 
data in digital form, represents the raw material of this capitalist val-
orisation model. The capitalism critic Evgeny Morozov refers to this 
functional principle as ‘data extractivism’.10 In digital capitalism infor-
mation has moved to the centre of economic and social activity and, 
in many respects, has either marginalised or left behind traditional 
goods, services and the associated business models. Everywhere 
we look today there is talk of data extraction, Big Data and algo-
rithm-controlled data mining.

The corporations of digital capitalism establish platforms,11 i.e. 
infrastructures, which they provide to third-party users while deter-
mining the rules for and making a profit off each and every action 
occurring. The network effect, as a result of which the use value of a 
product increases with the number of users, creates these companies’ 
steadfast monopoly. Platforms strategically build on permanent user 
participation, constant redesigns and optimised user experience in 
order to extract ever more data from their users. Just to keep with the 
extraction analogy: the iron ore that is mined corresponds to the raw 
data that is mainly generated from the bustling activity on the plat-
forms. The high market capitalisation of these companies, matched, 
as it were, by a tiny amount of material value, rests on a valorisation 
promise that is based on the immense number of users and the data 
generated as a result.

This model is catching on. The data and information economy is 
becoming increasingly significant in all economic sectors – manu-
facturing, agriculture, finance and healthcare, to name but a few. In 
all these areas, data collection and analysis via AI-based technolo-
gies are becoming essential. The critic Nick Srnicek emphasises 
how the significance of the platform model goes beyond the online 
economy in the narrower sense: ‘On the one hand, platforms increas-
ingly dominate strategically important positions in the economy. On 
the other hand, platform companies increasingly also pervade tradi-
tional economic sectors.’12 The respective relevant players attempt to 
establish platforms of their own – such as, say, Siemens, in the area of 
industrial networking.
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Are we, then, witnessing a new phase in the history of capitalism? 
In that case, industrial capitalism would appear as an historical stage 
that has been replaced, or complemented, by new forms in different 
waves since the 1970s. There is much to indicate that the old accumu-
lation model is on the retreat. Three new forms of accumulation are 
emerging; they were described long ago, but are only now converg-
ing into a new phase.

General knowledge as a service13

Industrial era capitalism revolved around the exploitation of human 
labour in the production process. Marx writes of the ‘productive 
expenditure of human brains, muscles, nerves, hands etc.’. The labour 
that is embodied in finished commodities, ‘that forms the substance 
of value, is equal human labour, the expenditure of identical human 
labour power’. Actual performed labour always only appears subse-
quently as the average labour power of society.14 The entire logic of 
capitalist economic activity lies in the extraction of surplus value, i.e., 
the unpaid share of living labour in the direct production process.

Likewise, capital’s operations are ‘state of the art’ insofar as it 
employs knowledge as a production factor. In doing so, it drives 
scientific discoveries, which even come to appear as an inherent 
characteristic of capital itself. As the science-fiction author Stanisław 
Lem wrote: ‘No living person today understands the design princi-
ples of all the devices at the disposal of our civilization. Yet there is 
someone who has such understanding: society.’15 For this ‘someone’, 
i.e., this social function of general knowledge, Marx uses the term 
general intellect.16

In his famous ‘Fragment on Machines’, Marx traces a scenario in 
which the progressive rationalisation of production and the auto-
mation of processes cause the share of directly objectified manual 
and intellectual labour to fade increasingly into the background. As a 
final consequence, direct work input is displaced from the production 
process while the general intellect, i.e., technology based on general 
knowledge, becomes a decisive production factor. Marx’s hypotheti-
cal automated factory is comparable to the asymptotic approximation 
of a singularity: the political-economic division by zero. After all, 
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in his scenario, there is no more living labour, and hence no more 
exploitation, surplus value or profit – capital loses its raison d’être and 
disappears. 

Parallels between the scenario in ‘Fragment on Machines’ and 
contemporary digital capitalism have often been observed. In this vein, 
Nick Dyer-Witheford praises the prognostic quality of the techno-
futurist ‘Fragment’: ‘as if Karl Marx had written a science fiction 
novel and precisely described our current information economy’.17 
The French economist Yann Moulier-Boutang also sees the general 
intellect at work in contemporary ‘cognitive capitalism’, describing 
it as ‘a mode of accumulation in which the object of accumulation 
consists mainly of knowledge, which becomes the basic source of 
value, as well as the principal location of the process of valorisation’.18 

However, the dominance of the general intellect has not spelled 
the end of capitalist relations, as Marx had hoped in his ‘Fragment’. 
Although the general intellect has in fact already been socialised, it 
has been successfully packaged as a proprietary service and exploited 
for profit by the general intellect industry, as one could quite justifiably 
label the tech corporations. Both of these processes – the constantly 
growing share of collective social knowledge within capitalist pro-
duction on the one hand, and the continuous striving of capital to 
privatise the end products of this process on the other – are common 
threads throughout the entire history of capitalism.

The British Marxist historian Tessa Morris-Suzuki describes this 
phenomenon as follows: 

Once more we are confronted with the fact that, in the production 
of information, free social knowledge is appropriated and turned 
into a source of private profit. We have moved away from Marx’s 
picture of the classical capitalism where inputs to production are 
bought at competitive prices on the market, and where the sources 
of exploitation can therefore lie only in the labor process itself. It is 
now theoretically possible for corporations to reap profits without 
the direct exploitation of their workforce, by making use of a free 
good to create a product which then temporarily becomes the 
private monopoly of the corporation.19
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Slavoj Žižek also sees at work a new accumulation model in which 
rent is extracted in the form of a monopolistically mediated usage 
charge. This charge is levied on a general intellect that is actually 
already a commons: 

To grasp these new forms of privatization, one should critically 
transform Marx’s conceptual apparatus: because of his neglect of 
the social dimension of ‘general intellect’ (the collective intelligence 
of a society), Marx didn’t envisage the possibility of the privatiza-
tion of the ‘general intellect’ itself – this is what is at the core of the 
struggle for ‘intellectual property’.20

In a sense, the platforms of digital capitalism already approximate 
this scenario remarkably closely. After all, data as well as algorithms 
are to a large extent publicly accessible – as open source, created by 
us all, i.e. as a social product, as general knowledge. This is precisely 
what Google transforms into a service when it indexes the content of 
websites, the usage of which Google then valorises.

The stores of data which feed AI applications – the millions of 
images, texts, voice commands – have also been collectively created 
by us all. Although they constitute a social commons, a handful of 
private actors generate proprietary services with them in order to 
secure their own profitability. General knowledge is becoming the 
most important productive force of digital capitalism, yet the latter 
has paradoxically succeeded in valorising this free social knowledge 
in the proprietary service form.

User-driven capitalism

In industrial capitalism, the exploitation of living labour in the 
immediate production process – the predominant form of appropri-
ating the fruits of labour – was the result of an historical development 
which is far from complete. Today we are seeing the emergence of 
various new forms of exploitation, such as the exploitation of labour 
performed via platforms and of the labour required to train AI appli-
cations to identify various objects, which users are forced to perform 
for free.
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On the platforms of digital capitalism, the raw data that is con-
stantly being generated represents base material to be refined by 
algorithms and AI. Yet the mining of these data resources is per-
formed not for a wage by miners whose surplus value is appropriated 
by capital. Rather, it is the users of platforms, exhibiting a double 
character as consumers and workers, who produce the never-ending 
stream of data which can therefore be viewed as the result of unpaid 
user labour.

New forms of exploitation are joining the appropriation of surplus 
value in the form of wage labour, which appears as only one specific 
form of labour exploitation in the immediate production process. 
In this respect, as Maurizio Lazzarato emphasises, these new forms 
of exploitation follow from ‘different forms of value production’.21 
Exploitation is thus being expanded beyond the sphere of wage 
labour and the limits of the factory. Indeed, this idea has already been 
articulated by Deleuze and Guattari. Guattari writes that

the very notion of the capitalist corporation should be broad-
ened so as to include collective equipments, and the notion of 
work position, as well as most non-salaried activities. In a way, the 
housewife occupies a work position in her home, the child holds a 
work position at school, the consumer at the supermarket, and the 
television viewer in front of the screen.22

Today the model of user-generated content enjoys widespread 
implementation: billions of people are bound up in the process of 
user-generated capital valorisation, working directly for capital. 
Negri and Hardt are also convinced that value is produced by bio-
political labour in the production of social life itself.23 Finally, Paul 
Mason sees the general intellect at work in social cooperative labour, 
such as in the sphere of the commons.24

This is particularly evident in current AI applications: when 
users buy a product which contains AI applications, such as a smart 
home device or virtual assistant hardware equipped with speech 
recognition, they buy a product for which they themselves consti-
tute a resource. Buyers become a resource insofar as they turn into a 
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constant source of new speech commands providing training data to 
optimise the system.

Tech corporations take our labelled and contextualised data, which 
we ourselves have ‘uploaded into the cloud’, and send it back as appli-
cations. Users simultaneously perform unpaid labour by providing 
free feedback on the functioning of AI. They are consumers but also 
products insofar as their actions, decisions and preferences can be 
registered and used to create custom advertising profiles.

Accumulation by innovation

Rationalisation in production has always been the method of choice 
used by capital to edge out competitors. This encompasses both pro-
ducing more cheaply and capturing market share through product 
innovation. Hence, competition is the driving force behind capi-
talism’s historically unprecedented power to innovate, to creatively 
destroy and to disrupt as desired. Mark Zuckerberg’s widely known 
motto, ‘move fast and break things’, could well have come from 
Schumpeter (‘creative destruction’) or Clayton Christensen (‘disrup-
tive innovation’).25 Capitalism is the most innovative social order 
which humanity has brought forth thus far, and at the same time the 
most destructive: when people speak of the Anthropocene, the era 
of human mastery over the planet, they should actually speak of the 
Capitalocene.26 After all, only after industrialisation did humanity 
manage to permanently alter the earth’s surface.

In the Marxian critique of political economy, innovation exhausts 
itself because it is external to the ‘normal’ production process; it does 
not initially play a role in the capitalist production process. Innova-
tion by itself does not produce value and does not concern the labour 
theory of value. Here, innovation remains a special case, an excep-
tion, a coup scored by a single capital against the competition.

Can innovation go from being the exception to the norm? Morris-
Suzuki puts forth the thesis that this can indeed happen given two 
conditions: the marginalisation of the significance of direct human 
labour input in the production process, simultaneously accompanied 
by the creation of information products becoming the central object 
of profit generation, in which case ‘innovation becomes the core 
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of the company’s profit-making activity’. Under these conditions, 
companies would be forced to shift ‘the center of gravity of surplus 
value creation […] away from the production of goods and towards 
the production of innovation – that is, of new knowledge for the 
making of goods’.27

The unchanging production of the same physical object is the 
norm in the production of material goods. The xth copy of a specific 
model of chair may well find a buyer, as concrete labour has been 
expended to produce said copy. With digital information, this is no 
longer the case. Once information has been created, it need not be 
produced from scratch again; as far as business is concerned, it has 
been burned. 

The consequence of this situation is the generation of an 
ever-changing product, a product which constantly and continuously 
modifies itself and thus always stays a step ahead of the competi-
tion. In Morris-Suzuki’s scenario, the exception becomes the rule as 
occasional leaps in innovation are replaced by a continuous ramp. 
Innovation takes on a new meaning: no longer just a weapon against 
the competition, it becomes the core of a company’s profitable activity.

Morris-Suzuki refers to this principle as the ‘perpetual innovation 
economy’.28 Here, ‘surplus knowledge’ is central to the ‘incessant gen-
eration of new products and new methods of production’.29 Perpetual 
innovation abolishes a linear accumulation model which continu-
ously aggregates individual elements of labour as a labour product, 
replacing it with a non-linear model. Increasingly often, repetitive 
labour processes are automated, almost without resource expen-
diture (such as with the streaming of digital content), and at zero 
marginal cost.

AI-based products in particular are characterised by constant 
self-improvement. The South Korean electronics corporation LG has 
launched an entire product line around this characteristic: marketed 
under the heading ‘Evolve’, products are advertised which suppos-
edly not only do not age, but remain forever young, changing with 
and being educated by the user almost as if they were children being 
raised by parents. As LG’s Technical Director I. P. Park explains: ‘The 
age of artificial intelligence allows us to go even further. Information 
will now get better, richer, and deeper with usage and time.’30
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the latest machine of capital, for now

Ernst Bloch once remarked that it was not disputed in Marxist circles 
‘that each latest machine which late-bourgeois technology produces 
is the best’.31 With good reason, artificial intelligence can be described 
as the latest machine of digital capitalism, at least for the time being. 
With its help, digital capitalism has succeeded in consolidating a new 
social operating mode in which the extraction, evaluation and valori-
sation of data has become the focus of economic activity. 

Given the current wave of new applications that are being labelled 
‘Artificial Intelligence’, we are essentially dealing with data-driven 
software that can be successfully used in certain closely limited areas 
of application. We are witnessing a phase of AI development in which 
the technologies owned by the tech corporations have become mass 
marketable and thus turned into everyday products. Their function 
is limited to specific tasks such as the categorisation of images, 
the detection of patterns in large amounts of data, the representa-
tion of human–machine interfaces and the like. The construction of 
thinking machines is (still) not on the agenda – the current task at 
hand for the relevant actors is rather to consolidate the data-extract-
ing business models.

In many areas, user reactions are fed back into the system in real-
time, i.e. without any noticeable delay between input and output, 
between action and reaction, which in turn contributes to optimising 
the system’s runtime. User signals, i.e. user behaviour patterns, are 
used for personalised responses, error recovery and the incremental 
product improvement in a cybernetic control loop. AI-driven services 
are optimised through the consumers themselves while being fed by 
their user data. All this occurs within a circuit of perpetual innova-
tion with the simultaneous goals of optimisation and innovation as 
well as the monetisation of the consumers’ activities – with a con-
stantly improving user experience. The user becomes a three-headed 
being: he or she is at once the customer, the supplier and the product.

AI represents a technology that serves the aims of analysing Big 
Data, efficiently valorising the free labour of users and monitoring 
the digital workforce, just like the assembly line was (and continues 
to be) both a means of rationalisation and an instrument of power in 
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the factory. Artificial Intelligence is, at least for now, the latest inno-
vation of digital capitalism, one through which it seeks to expand 
its globally dominant role in economy and society, consolidate its 
business models and secure its valorisation model.

All three mechanisms of capital valorisation – the valorisation of 
general knowledge as a service, the exploitation of the gratuitous 
labour of users, and perpetual innovation as a source of profit – are 
realised in contemporary digital capitalism. Multiple forms of ‘a pro-
ductive expenditure of human brains, muscles, nerves, hands [and 
hearts, T.D.]’32 beyond the wage labour form create labour products 
that are useful for capital. As a result, while actions and reactions are 
fed back into the system, all areas of life come to serve as a resource 
for generating profit.
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17
Forces and Relations of Control

On the possibility of sustainable and democratic 
economic planning in the digital age

Georg Jochum and Simon Schaupp

The central role digitalisation plays in the social change we are cur-
rently witnessing is increasingly being recognised in political and 
economic debates. Frequently, however, this recognition is linked to 
a doctrine of inevitability that makes digitalisation appear as a kind 
of natural force somehow descending on society – a force that can 
be embraced or demonised, but not shaped politically. And despite 
the often-invoked disruptive force of technological development, it is 
usually considered self-explanatory that the process of digitalisation 
will take place within the framework of a growth-oriented capital-
ist economy and therefore no fundamental break with the existing 
economic and social order will occur.1 

Considering the current systemic social and ecological crises, we 
view such assumptions as rather problematic. Even though the extent 
and imminence of these crises have been sufficiently documented 
scientifically,2 the control and steering mechanisms of the capital-
ist economy prove incapable of responding with adequate measures. 
As the failure of efforts for an energy transition to reduce worldwide 
CO2 emissions illustrates, the reasons for this inability are rooted not 
only in the unwillingness to act on the part of the decision-makers in 
charge. Above all, it is inscribed in the systemic growth imperative of 
the capitalist economy itself. 

In the following, we shall therefore outline a possible way of dealing 
with the social-ecological crisis that transcends this imperative. Spe-
cifically, our focus is on the potential that the rapid development of 
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digital technologies offers for sustainable and democratic economic 
governance. Digital governance and control provide new possibili-
ties of planning that could help solve the problems of previous and 
existing non-capitalist economies, particularly with regard to deficits 
of efficiency and democracy. Goods production, for example, could 
be coordinated directly via the digital matching of human needs and 
available resources. This would, firstly, mitigate the ecological blind-
ness of capitalist market coordination and, secondly, open up the 
prospect of economic democracy.

This ‘utopia’ is based on real current developments. In times of Big 
Data and an ever-expanding ‘surveillance capitalism’,3 which provides 
companies with comprehensive knowledge about the preferences 
and needs of (potential) customers (and allows for their intensified 
manipulation), market mechanisms are systematically replaced by 
new forms of cybernetic economic governance and control: supply 
chains, labour markets, work processes and even prices are con-
trolled digitally. Although this does not create a new central planning 
authority, neither does this type of capitalism correspond to the 
neoliberal fiction of market regulation unfettered by any form of 
planning. Correspondingly, the ‘development of the forces of control’ 
increasingly comes into conflict with the ‘relations of control’. While 
this contradiction by no means automatically leads to the overcom-
ing of the capitalist economic order, it certainly provides the objective 
conditions for a decidedly political transformation, which we refer to 
as a ‘control transition’.4

historical and theoretical background

Before presenting our deliberations on digital technology’s potential 
for a reorganisation of society, we would first like to reflect on the 
technological developments that have taken place thus far and the 
various associated forms of society. 

The inextricable link between technological and social develop-
ment was made plain by Karl Marx in a rather famous passage of his 
text The Poverty of Philosophy:
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Social relations are closely bound up with productive forces. In 
acquiring new productive forces men change their mode of pro-
duction; and in changing their mode of production, in changing 
the way of earning their living, they change all their social rela-
tions. The hand-mill gives you society with the feudal lord; the 
steam-mill, society with the industrial capitalist.5

By citing the ‘hand-mill’ and ‘steam-mill’ as the leading technolo-
gies of two distinct historical epochs, Marx focused on the means of 
production and labour, which in each case, through a specific combi-
nation with human labour power, allowed for a specific appropriation 
of nature. The term ‘production’ (from the Latin ‘pro-ducere’: yield, 
generate, create; ducere = ‘lead, pull’)6 points to the process of ‘yield-
ing’, ‘leading’ or ‘drawing’ nature’s potential via the labour process, as 
becomes particularly clear in Capital: ‘The process is extinguished 
in the product. The product of the process is a use-value, a piece of 
natural material adapted to human needs.’7 As we argue in the fol-
lowing pages, Marxist theory, and particularly the claim that ‘[a]t a 
certain stage in their development, the material productive forces of 
society come into conflict with the existing relations of production’,8 
can contribute, even today, to a deeper understanding of socio-tech-
nical dynamics and the development of the potential for a profound 
political-economic change. However, we see the need for an analyt-
ical and terminological reformulation. For it is not physical labour 
being supplemented and replaced by the mechanical productive 
power of machines, allowing for new ways in which nature can be 
appropriated, but rather the development of cybernetic technolo-
gies of control that lies at the heart of the technological change which 
has occurred in recent years over the course of what is referred to as 
digitalisation.

Following Norbert Wiener, who derived the term ‘cybernetics’ 
from the Greek word κυβερνητικός (steersman),9 we conceive of 
cybernetic technologies as a specific form of productive forces, the 
central feature of which is the capacity for controlling mechanical 
and social processes. 

Due to this centrality of governance, control and regulation, we 
refer to these technologies not as productive forces, but as forces 
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of governance and control.10 By doing so, we aim to point out a 
central difference between the classic Industrial Revolution and the 
cyber-technological revolution that has occurred in the high-tech 
societies of ‘cybernetic capitalism’11 over the past decades.12 

We proceed from the assumption that the central hypothesis in 
Marxian theory of an increasing contradiction between the devel-
opment of the productive forces and the relations of production can 
be redefined on the basis of the reformulation outlined above and 
in light of current developments. In cybernetic capitalism, the forces 
of control have developed to a point where the overcoming of the 
capitalist relations of control that have existed thus far is not only 
possible, but in fact necessary in order to avoid grave social-ecologi-
cal crises. We start by elaborating our understanding of the ‘forces of 
control’ before discussing the levels on which a radical development 
of these forces has occurred.

productive forces and forces of control 

In his Foreword to the Critique of Political Economy, Marx postu-
lated that the contradiction between the development of productive 
forces and the dominant relations of production would increasingly 
intensify and the transition to a socialist mode of production would 
eventually become inevitable. ‘The bourgeois relations of production 
are the last antagonistic form of the social process of production […] 
the productive forces developing within bourgeois society create also 
the material conditions for a solution of this antagonism.’13

In state-socialist Marxism-Leninism, the Marxian reflections were 
interpreted as meaning that the contradiction between the social 
character of production based on the division of labour and the con-
tinuing private command over the developing forces of production 
would lead to the capitalist mode of production becoming increas-
ingly inefficient. In this view, due to the ‘law of the correspondence 
between the relations of production and the character of the level 
of development of the productive forces’, the end of the contradic-
tory capitalist mode of production is inevitable, as ‘the working class 
seizes political power’.14 
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The hope that the development of the productive forces would 
take on a ‘naturally inherent’ tendency towards overcoming cap-
italism ultimately proved too optimistic. The attempt to build a 
socialist society failed in the long term, alongside other factors that 
were prevalent in (far-from-)real socialism, because of the ineffi-
ciency of the planned economy. The triumph of neoliberal capitalism 
after the collapse of the Eastern Bloc resulted in the increasingly 
marginal significance of orthodox Marxism and of alternative, het-
erodox interpretations of Marxian theory. Over the past few years, 
however, we have been witnessing a renaissance of Marxian-inspired 
concepts – accelerated by the refinement of digital technologies and 
their application – that consider the overcoming of capitalism as both 
likely and possible due to its contradictions. Correspondingly, Paul 
Mason writes in his book Postcapitalism: ‘The main contradiction 
today is between the possibility of free, abundant goods and informa-
tion and a system of monopolies, banks and governments trying to 
keep things private, scarce and commercial. Everything comes down 
to the struggle between the network and the hierarchy.’15

In our view, Mason correctly points out the potential of digital 
network technologies for a post-capitalist organisation of production 
and consumption. That said, it appears rather reductionist to transfer, 
as Rifkin does, the characteristic ‘abundance’ of digitally produced, or 
rather shared, goods to the entire productive sphere and thus to link 
the digital revolution to the ‘eclipse of capitalism’ and the utopia of an 
‘economy of abundance’ and a ‘sustainable cornucopia’.16 Given the 
likeliness of an increasing scarcity of material and energy resources 
propelled by the ecological crisis, such simplistic productive-force 
optimism may justifiably be regarded as overly naive. Moreover, Rifkin 
and Mason seem to forget, in a technology-deterministic manner, 
the inherently political aspect of economic transformations. We thus 
call for a transcendence of the mere postulation of a contradiction 
between the development of productive forces and the relations of 
production, as is essentially still put forward by both Mason and 
Rifkin. Instead, the question of the potential for post-capitalist forms 
of economic governance provided by the digital-cybernetic means of 
control ought to be put at the heart of the analysis. We see the need 
for such an approach arising not least from the already mentioned 
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problems of economic governance in ‘(not) actually existing socialism’ 
and the emergence of a totalitarian form of rule in the corresponding 
systems. 

By ‘means of control’ we understand a whole range of technologies 
that may be beneficial to the governance of the economy and society. 
This includes, firstly, political steering mechanisms in the narrower 
sense and, in particular, the techniques of controlling labour within 
workplaces. Finally, technologies such as writing or money and their 
use as a means of domination and control can be included in the list. 

In this regard, we share the Habermasian view that ‘[t]he cap-
italist economic system marks the breakthrough to this level of 
system differentiation; it owes its emergence to a new mechanism, 
the steering medium of money’.17 This ‘steering medium’ acquired 
increasing dominance over other means of control as a result of the 
‘dis-embedding’18 of the markets. Political counter-movements with 
the aim of re-embedding markets have led to social regulation and 
the limitation of the power of money. The Fordist mode of regulation 
in particular may be regarded as such an attempt at re-embedding 
that was based on a specific compromise: a politically regulated capi-
talism emerged, which retained the role of money as a central means 
of control, but also strengthened the role of the state. In our view, the 
emergence of the so-called post-Fordist mode of regulation is to be 
understood as a transition to a neoliberal-cybernetic mode of control 
that reduced the influence of the state and is characterised by the 
use of new cybernetic technologies and the new forms of division of 
labour it allows for.19

In the following section, we first present the main characteristics 
of the cybernetic paradigm and subsequently demonstrate that there 
have by all means been attempts at a non-capitalist form of adapting 
cybernetic ideas, and that the potential for an emancipatory cyber-
netic mode of control and production certainly exists today.

cybernetics – the science of control  
between domination and emancipation 

Norbert Wiener is commonly regarded as the father of modern 
cybernetics. He defined the new field of research as the ‘science of 



Forces and Relations of Control

261

communication and control’.20 Its objective was no less than the devel-
opment of a universal science through which all other systems, be 
they living or technological, could be understood and ultimately con-
trolled. In this sense, cybernetic thinking consists mainly of models, 
analogies and other abstract representations with the purpose of ren-
dering complex and diverse systems comparable with one another. 
Correspondingly, for example, the human brain was interpreted as 
an electrical circuit.21 

Cybernetic theory is based on the principle of feedback-based 
self-organisation. This concept was originally deduced from observa-
tions of biological systems that adapt to changes in their environment 
instead of first devising a cognitive plan or hierarchical instructions. 
Feedback loops are supposed to place a system in a state of dynamic 
equilibrium, which cyberneticians refer to as ‘homoeostasis’.

The nucleus of the cybernetic revolution emerged from the rapid 
advances in the development of self-controlling and information-pro-
cessing technologies. As a result of the creation of the cyberspace 
through the networking of computers (i.e. the virtual space created 
by cybernetic machines), the cybernetic revolution entered into a 
stage in which it transformed society as a whole and the world of 
work in particular. In the process, this ‘cybernetisation of labour’22 
in ‘cybernetic modernity’23 did not simply result from the increasing 
dissemination of information and communication technologies in 
production. Another crucial factor was that the new forms of flexible 
production made possible by cybernetic technologies were accompa-
nied by a cybernetisation of human subjectivity, which finds its main 
expression in various forms of digital self-surveillance, or self-track-
ing.24 The genesis of a neoliberal-cybernetic capitalism made possible 
as a result in recent years, however, was by no means inherent in 
cybernetics as such; instead, cybernetics must be regarded as politi-
cally contingent.

From the outset, the founders of cybernetics were in disagree-
ment over the relation between cybernetics and the market economy. 
Pioneers of the discipline like Ross Ashby and John von Neumann 
thought about ways to conflate cybernetics and neoliberalism, which 
can be understood as the embryonic form of today’s ideology of 
cybernetic capitalism. Norbert Wiener, by contrast, argued that the 
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capitalist accumulation dynamic contradicts the social homoeostasis 
in the sense of cybernetics.25 Stafford Beer, the originator of manage-
ment cybernetics, in fact conceived the infrastructure for a cybernetic 
economic democracy in socialist Chile (1970–73).26 

The tradition of market-oriented cybernetics would not become 
dominant until the mid-1970s, after the more emancipatory, socialist 
schools of thought had been pushed back. Proceeding from Bol-
tanski and Chiapello,27 we may say that neoliberalism adapted the 
cybernetic utopia by discarding the associated hope for an emanci-
patory governance of society and transforming it into the new spirit 
of cybernetic capitalism through its connection with the neoliberal 
market utopia. The coup d’état in Chile and the violent destruction of 
the vision of a democratic-socialist form of cybernetics could be con-
sidered a paragon of this transformation. 

In the following, we outline how cybernetic capitalism has devel-
oped over the past decades and show how capitalism simultaneously 
develops forces of control as a result, seemingly rendering the aban-
donment of the market principle a real option. 

Cybernetic capitalism developed within the neoliberal system, yet 
simultaneously implicitly led to the challenging of its axiomatics. For 
the apologists of neoliberalism, the superiority of the free-market 
economy is based on its capacity to efficiently manage and control 
complex systems of production and distribution. According to Hayek, 
all forms of economic governance based on targeted social planning 
are ultimately constrained by the given knowledge: 

the conflict between, on the one hand, advocates of the sponta-
neous extended human order created by a competitive market, 
and on the other hand those who demand a deliberate arrange-
ment of human interaction by central authority based on collective 
command over available resources is due to a factual error by the 
latter about how knowledge of these resources is and can be gener-
ated and utilised.28

Ultimately, only ‘[i]nformation-gathering institutions such as the 
market enable us to use such dispersed and unsurveyable knowledge 
to form super-individual patterns’.29 The assumption that all alterna-
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tive forms of gathering information about (individual and collective) 
needs and the correspondingly oriented control of production should 
prove inefficient due to the complexity of the economy may have 
been somewhat plausible at the time Hayek was writing his theses. 
Yet, the illusion that this form of market-mediated information gath-
ering still represents the only and essential form of controlling the 
production process even today certainly ought to be put aside. After 
all, in current cybernetic capitalism, a fundamentally new form of 
information acquisition and the corresponding control of production 
and distribution has asserted itself – alongside the continuing prev-
alence of the capitalist logic of profit maximisation – which has only 
little in common with the ideology of pure market regulation and its 
superiority.

digital customer relations and global  
supply chains

Far-reaching information gathering both about global supply chains 
and individual customers can be observed in the spheres of distri-
bution and consumption. As Fredric Jameson demonstrates,30 one 
example of advanced cybernetic economic planning based on such 
information processing is the Walmart corporation. As early as the 
mid-2000s, Walmart’s datacentre registered more than 680 million 
products per week and over 20 million customer transactions per 
day. Barcode scanners and computer systems in the stores identify 
each article sold and store this information. Satellite telecommunica-
tion links are established directly between individual stores and the 
central computer system and from this system with the computers of 
suppliers to allow for automatic (re-)orders. As the individual iden-
tifiability of every product was required, the corporation decided to 
use RFID (Radio Frequency Identification) tags in all products. These 
tags allow the tracking of all raw materials, workers and consumers 
within and outside of Walmart’s global supply chains. As a result, the 
resource and goods logistics can be linked directly with consumption, 
and, theoretically, even with the wear and tear of products in use.31 

The business models of internet companies like Google, Amazon 
and Facebook, of course, go even further, as they rely on the collec-
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tion of user data in order to enable targeted digital advertising. As 
Zuboff argues, the aim of the tech corporations is not only to obtain 
information about the behaviour and preferences of consumers, but 
to actually create them via ‘instrumentarian power’, with the result 
that in ‘surveillance capitalism […], the means of production are sub-
ordinated to an increasingly complex and comprehensive “means of 
behavioral modification”’.32 

Regarding pricing, Amazon, for example, does not trust the mech-
anisms of supply and demand. Instead, a system of dynamic pricing 
is used which issues individual prices per customer. While market 
prices are the result of the relation between aggregate demand and 
aggregate supply, dynamic pricing is based on information about indi-
vidual customers. Pricing is thus the result of a surveillance process. 
Quite tellingly, this breach of the neoliberal dogma has sparked some 
outrage.33 It appears that it is dawning even on the ideologues of neo-
liberalism that the largest corporations in the world would prefer 
to leave the management and control of their economic processes 
entirely to digital data processing than to the market mechanisms of 
supply and demand. Digital technology simply allows for more effi-
cient information about what is needed at what time than the price 
system – as the exclusive means of market information – ever could. 

One perhaps even more far-reaching transformation of the cap-
italist mode of production can currently be observed in the use of 
Big Data in connection with blockchain34 and other cybernetic tech-
nologies. In the agricultural sector, major corporations collect data 
on past harvest yields or weather as well as information on the cost 
of seeds and fertilisers, which are then analysed via computerised 
algorithms. Satellites allow for the mapping of cultivated areas and 
contribute to precision farming and Smart Farming.35 Moreover, 
blockchain technologies form the basis of new forms of accounting, 
which make the secure storage and control of all transactions along 
the value and supply chains possible. 

However, critics point out that the use of these new technologies 
increases the power held by big corporations and displaces small-
holding farmers.36 The dominance of the market principle as an 
element of control in an economy geared towards growth and profit 
maximisation currently stands in the way of a socially and ecolog-
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ically sustainable use of cybernetic technologies. A small number 
of major corporations are gaining control over entire supply chains 
and markets. In the process, a cybernetic monopoly capitalism is 
emerging that essentially contradicts the principle of the free market. 

New technologies of control are not inherently designed to be 
used solely to the disadvantage of mankind and nature. Today, we 
are already seeing blockchain technologies being used to prevent the 
trade of ‘blood diamonds’ extracted from war zones or to ensure com-
pliance with social and environmental standards in cobalt mining. 
This shows that the demand for social and ecological sustainability, 
at least in some sub-areas, can by all means lead to a limitation of 
market principles – albeit, of course, within the capitalist economy.

In sum, we can establish that the basic assumption of neoliberal 
ideology, namely that only the market allows for a comprehensive 
information collection process, and the corresponding ‘contention 
that we are constrained to preserve capitalism because of its superior 
capacity to utilise dispersed knowledge’,37 today – in the age of Big 
Data – proves to be obsolete. Capitalism develops forces of control 
that decisively qualify the assumption – which has always been 
ideologically motivated – of a need for the free market as a central 
mechanism of information gathering and control. At the same time, 
the ecological crisis requires a kind of economic governance that 
limits or even ends capitalism’s expansive logic of Landnahme.38 The 
development of the forces of control is currently increasingly coming 
into conflict with the capitalist relations of control due both to the 
opportunities offered by new digital technologies and to ecological 
requirements. 

What is needed is a new social use of the forces of control in 
order to harness their potential. The technology-deterministic and 
market-oriented discourse about the future of work under the term 
‘Industry 4.0’, however, rather ignores these questions of control, and 
for the most part considers political intervention into technology 
development as imperative in order to secure a leading position for 
Germany in the global race for digitalisation.39

This could be countered by a vision of using cybernetic technolo-
gies to completely reinvent politics and the economy. What is required 
is a control transition, which puts the cybernetic technologies at the 
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service of society and nature. Moreover, a new, second-order cyber-
netics is needed for the purpose of democratically deliberating the 
ways in which control technologies ought to be applied.

the control transition

With the phrase ‘control transition’ we refer to the utopia of a social 
appropriation of the developed forces of control that would allow us 
to overcome the socially and ecologically problematic capitalist rela-
tions of control. 

In current debates on the social and ecological future of society, 
a fundamental energy transition is being called for that replaces the 
fossil fuels characteristic of modern industrial society with alterna-
tive, renewable energies. By analogy, we may speak of the need for a 
control transition, as a result of which money, the means of control 
dominating capitalist modernity, forfeits its significance and is com-
plemented and replaced by alternative forms of control. This is not to 
imply any kind of return to state-centred planned-economy models 
of governance. Rather, it would mean proceeding from the unex-
ploited potential of cybernetics and debates surrounding collective 
forms of governance. 

Elinor Ostrom has demonstrated that collective forms of regula-
tion often lead to more efficient resource management than those 
centred on the state and/or the market.40 The new digital technolo-
gies and platforms offer new opportunities to modernise and expand 
these collective forms of governance and control; this includes, above 
all, the possibility of generating a vast number of plans for democratic 
deliberation instead of a single bureaucratically imposed economic 
plan. Software agents, i.e. computer programs capable of autono-
mous behaviour, may indeed play a central role in this scenario. In a 
post-capitalist society, they would be relieved from computation-in-
tensive tasks such as algorithmic trading41 and could instead be used 
to automatically preprocess vast amounts of aggregate economic 
data for democratic decision-making. They would make it possible 
to calculate multiple planning options together with their respec-
tive ecological and social impacts, and put them to a vote. Basic 
configurations – an algorithmic constitution, so to speak – could be 
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preprogramed (e.g. CO2 emissions must remain within a certain limit 
and working hours must not exceed 30 per week). These plans could 
then, as Nick Dyer-Witheford proposes, be discussed and put to a vote 
on social media platforms that have been brought into public own-
ership, i.e. when ‘Facebook, Twitter, Tumblr, Flickr and other Web 
2.0 platforms not only themselves become operations self-managed 
by their workers (including their unpaid prosumer contributors), but 
also become fora for planning: Gosplan42 with “tweets” and “likes”’.43 
This would render a central planning authority, which devises and 
implements a single, binding plan, obsolete once and for all.

 
outlook

As we have demonstrated, the means of control have developed within 
cybernetic capitalism to the point that they allow for new forms of 
needs-based and democratic economic governance. At the same time 
it is clear, given the ecological crisis, that the expansive dynamic of 
capitalism is reaching external boundaries. The development of new 
forms of economic governance is thus both possible and necessary.

Needless to say, replacing a neoliberal despotism with one based 
on a digital planned economy is not desirable – nor is the algorith-
mic automation of decisions concerning inherently political matters. 
Instead, digital communication infrastructures, such as social 
media, could form the technological basis for radically democratic 
economic governance. This would eliminate the need for a central 
planning authority. Autonomous software agents could instead cal-
culate myriad potential plans, including their ecological and social 
impacts. These plans could then be put to a vote digitally. This in 
turn would dramatically reduce the cost and effort associated with 
democratic economic governance (e.g. via workers’ councils), so that 
a radically democratic deliberation of complex economic questions 
could actually become material reality.

This control transition could also coincide with a fundamental 
social reorientation towards the abandonment of the objective of 
profit maximisation that is the core purpose of the ‘steering medium’ 
we call money. The orientation towards the common good would 
allow for a fundamental change of direction and thus a cybernetic 
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course correction towards an economy based on social and ecological 
solidarity. Such a change, of course, will not be accomplished through 
the development of the forces of control themselves, but relies cru-
cially on a political movement. 
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