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1 Enter the Process Worker

In his book about the “rationality” of economic reasoning, the French theorist
André Gorz referred to an analysis of the “process worker” that had been published
by an individual using the pseudonym “Ilnox” in the communist daily “il mani-
festo”. The process worker, explains Gorz ([19], 111ff.) citing Ilnox, is the
by-product of computerization, which represents a new interface between the
production process and the worker. The skilled and unskilled worker of the pro-
duction line will cease to have any physical interaction with the product, but will
now focus mainly on controlling and maintaining the production process. Thus,
computerization will impose its own standardizations, such that the kind of work
done, irrespective of its location or even industry (brewing, power plant, pasta
production …), will essentially be the same—monitoring and controlling the pro-
duction process at a distance, via display screens. The effects of this transition for
the process workers will be hard to underestimate and somewhat contradictory: first
of all, the monitoring and controlling tasks, and the context skills needed to
complete them, will be somewhat more complex than the current tasks and skills, so
some re-skilling will take place. Secondly, these skills will be accessed more easily
and will be transferable across more or less all industries and locations, giving the
process worker more mobility. At the same time the skills in use may be rendered
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commonplace, because few company or industry characteristics will be relevant,
giving the process worker little advantage over others in competitive situations.
Finally, the work to be done will be quite dull. Monitoring events might call for
action sometimes, but they will mostly require passive observation. The worker will
create nothing, but this nothingness will drain him. Interestingly, Gorz did not view
this development too negatively: It will at least free the worker from hard, physical
labour and give him a chance to counter balance dull activities with a rich private
life outside the factory (ibid, 148).

This development and Gorz’s conclusion might be surprising to some extent, but it
appears to be the climax of a consistent chain of events. For the longest time,
machines competed with man on efficiency. Instead of automation being designed in
such a way as to use the skills of the worker, man was increasingly degraded and
being fitted into mechanized processes ([14], 259, [10]). Finally this battle seems to
be over. Men—so it seems, must go elsewhere in search of identity or even humanity,
as Moravec ([26], 134ff.) added with a twinkle: labour is such a minimalist goal!

2 The Opening of the Lights-Out Factory

The goal has always been to remove humans from the production process ([27],
333). The course of this path taken had economic but also political reasons:

The idea of replacing humans with machines was nothing new, of course. From the Great
Depression, through the war, and into the Cold War, the nexus of labor and manufacturing
technology was a continual source of both innovation and conflict. […] in 1948, there was
widespread concern among the U.S. business elite that organized labor had become too
powerful: Union membership had soared during the war, as had the number of strikes.
Many in government and industry also worried that the United States lacked the industrial
might of the Soviets. Clever, electronics-infused, self-guided machinery promised a solu-
tion to both concerns. [11]

In some instances we seem to have reached this goal. The most striking example
is the lights-out factory: a production plant so completely automated that robots
could turn out the lights by themselves (a very unlikely prospect, as these factories
can and should work 24/7). The first examples of this kind of production facility are
quite impressive:

The brightly lit single-story automated shaver factory is a modular mega machine com-
posed of more than 128 linked stations-each one a shining transparent cage connected to its
siblings by a conveyor, resembling the glass enclosed popcorn makers found in movie
theatres. […] Each of the 128 arms has a unique ‘end effector’, a specialized hand for
performing the same operation over and over and over again at two-second intervals. One
assembly every two seconds translates into 30 shavers a minute, 1,800 an hour, 1,304,000 a
month, and an astounding 15,768,000 a year. ([25], 66f.)

In this factory, the role of humans is minimized and seems to even exceed
Gorz’s vision of the process worker:
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Meanwhile, a handful of humans flutter around the edges of the shaver manufacturing line.
A team of engineers dressed in blue lab coats keeps the system running by feeding it raw
material. A special ‘tiger team’ is on-call around the clock so no robot arm is ever down for
more than two hours. Unlike human factory workers, the line never sleeps. (ibid, 67)

The workers in this plant are, obviously, concerned with controlling and mon-
itoring, although it seems this role will also be taken over by machines sooner or
later; the robots themselves already know how to sort out mistakes. The system is
therefore tolerant of small errors. Thus, not many workers are needed at all in this
kind of factory—in our example it was less than 10 (ibid). The lights-out factory, so
it seems, has already surpassed the need to interact with humans intensively:

Many of the new production methods in this next revolution will require fewer people
working on the factory floor. Thanks to smarter and more dexterous robots, some lights-out
manufacturing is now possible. FANUC, a big Japanese producer of industrial robots, has
automated some of its production lines to the point where they can run unsupervised for
several weeks. Many other factories use processes such as laser cutting and injection
moulding that operate without any human intervention. And additive manufacturing
machines can be left alone to print day and night. [35]

3 What Skills Now?

As the role of the workers in CPS-dominated production is rather questionable, if
not marginal, it should come as little surprise that views about the kind of work-
force and skills needed, are rather vague ([30], 9ff.). Consequently, and rather in
line with Gorz’s vision of the process worker, the idea that humans are mainly there
to fix errors and to interfere with the CPS if distortions occur seems to be the
common ground ([18], 527, [31], 9f.). In a rather comprehensive view on qualifi-
cations for CPS-dominated work processes, Pfeiffer [30] is quick to explain that not
only monitoring skills are needed but that the nature of the process workers requires
a huge amount of “working capacity”, that is skills that are needed in order to fix
things when needed. This is also in line with Gorz, who conceded that the process
worker seems to have long phases of monotonous observations intermingled with
hectic phases of problem management. Recalling the picture of the lights
out-factory, we should now suspect, however, that this error fixing should pretty
quickly surpass the generic skills of the process worker, as detailed and sophisti-
cated knowledge of the production process and the robots would be required.
However, Pfeifer, who develops a comprehensive overview of the required skills of
the worker in CPS-intensive processes, reaches the conclusion, that the majority of
new skills will probably lie in the area of data management, data privacy and data
security (ibid, 26ff.). In contrast to Gorz, she furthermore assumes that the company
specific characteristics she describes as the “offline side” of the CPS production will
become more important: Anything that cannot be fitted into given data structures
but that remains important for the production process (ibid, 33); although at this
stage, we are left to wonder what this company specific knowledge might be.
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4 The (Temporary?) Return of the Gods

In a provocative claim, the science fiction writer and computer scientist Vernor
Vinge put forward the notion of a computing singularity in which machine intel-
ligence will make such rapid progress that it will cross a threshold and then, in some
yet unspecified leap, become super human ([25], 9pp.]. If Singularitarians are right,
this transformation will lead to human labour becoming surplus: There will be
fewer places for human beings in the resulting firms and economy. This has cer-
tainly not happened yet [22]. A remarkable company policy shift that suggests that
there are limits to automation was the recent decision of Toyota to systematically
re-integrate humans back into the production process.

After pushing its automation processes towards lights-out manufacturing, the company
realized that automated factories do not improve themselves. ([25], 90]

The return of the extraordinary craftsmen, known as Kami-sama, or gods, who,
in the traditional company, had the ability to “do anything” with a focus on
improving the production process, points to another important role for the worker:
not only supervising the automated production process but also serving as a kind of
“role model” for the robots and production lines:

These gods […] are making a comeback at Toyota, the company that long set the pace for
manufacturing prowess in the auto industry and beyond. Toyota’s next step forward is
counter-intuitive in an age of automation: Humans are taking the place of machines in
plants across Japan so workers can develop new skills and figure out ways to improve
production lines and the car-building process. [37]

From this point of view, the robots and production systems must learn from
humans, requiring refined and extraordinary workers who possess deep skills to be
recreated in machines:

‘We cannot simply depend on the machines that only repeat the same task over and over
again,’ […] ‘To be the master of the machine, you have to have the knowledge and the
skills to teach the machine’. (ibid)

Singularitarians, of course, would argue that this is a mere interim partnership
between humans and robots, during which human knowledge is transferred, and at
some point, creativity will be transferred too or will even arise on its own in some
brilliant machine of the future ([25], 90). After all, the self-learning machine was
the starting point of Silicon Valley [11].

For now, however, there is quite an intriguing point to make: The process worker
model falls short in describing the role of humans in modelling robots and CPS
assembly lines ([17], 54). The skills needed here are not only the average skills, those
easy to access and to transfer, but also deep skills in all the moves and steps needed to
assemble the product. Here we find the overlap between the off- and online world of
CPS production: Companies that manage to re-create sophisticated human skill
levels in their machines and robots will become superior to others that are less
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capable, as is the case in IT programmes that are better than others, although the same
technology and programming language is in use.

5 The New Factory: Connecting the Dots

The often vague and general character of some views on the skills of the factory
worker might have to do with the fact that observers sometimes implicitly assume
that the factory will continue to exist in its present state in the future. There is,
however, little reason to believe that production lines will change dramatically
while leaving the factory structure as it is. Sometimes, scholars perhaps overlook
that in linking up and interconnecting machines, robots, supply stores and cus-
tomers, CPS will create opportunities for “opening up” the value chain of the
factory to actors outside the traditional boundaries of the organisation [32, 34]. The
significance of this development has to be understood against the backdrop of a
hitherto de facto “closure” of factories:

[…] to make their just-in-time manufacturing work, Toyota limits the number of suppliers
that it deals with and tightly integrates its operations with these suppliers […] In other
words, Toyota has been able to achieve high flexibility in its operations by closing its
system and limiting the diversity of participants. ([20], 81f.)

Now, CPS will be key in enabling totally new configurations of producers,
suppliers and customers. This new setting has been labelled “Open Manufacturing”
and should be considered the organisational twin of CPS (see Fig. 1).

If the experience of the well advanced and already considerable “open” IT
industry is any indication, than the product of the Open Factory will be a combi-
nation of publicly available parts (commons) and proprietary enhancements [38].
This mix will cause a massive disruption for the production line worker: the
openness of the product and the factory will be determined by the flexibility of the
production line and will ultimately constitute the company’s comparative advantage
and value creation ([12], 21ff.).1

In this new mode of production, different producers work on products that are
open in the sense that their patent is public (Tesla) or that standardized and open
interfaces to the product (API: Application Programming Interfaces) are available
and developers are invited to participate in the development of applications (Watson
Cloud). Thus, even developers outside the current boundaries of the factory have
access to the product blueprint and participate in its refinement and ongoing
development (hacking). These developers sometimes labelled Tinkerers can also
collaborate with each other using open working spaces (Fab Labs) that are connected
and drawn to the Open Factory to elaborate their ideas, evaluate and improve the

1As it has been pointed out, the value of CPS does not rest in the mere connection of different
elements of production. In addition, the CPS enabled assemblage will create additional
functionalities (and value).
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designs of others and participate in the production process ([6], 59ff., [33, 36]). The
tested designs would then be sent to the production lines to be “printed out”, if the
series is large enough or being replicated in a decentral manner using 3D printers.

It is obvious that working as a production “worker” in this kind of environment
would be quite a different task than in the lights-out factory. Not so much because
the physical production is different in principle, but because this production needs
to be connected and reconfigured to cope with different kinds of design inputs and
manufacturing options [2]. The production worker in this setting, thus, will embrace
more “design thinking instead of production thinking” ([9], 12). In this context,
some of the typical digital buzz will make more sense:

A lot of collaborative and cross-cultural competencies will be required to be able to work in
network environments sustainably. On the technical side: connecting the network will mean a
lot of standardization. Therefore, the technical competency profile will be rather T-shaped
and interdisciplinary than specialized. Analytics specialists will have to work across business
models, production processes, machine technology and data-related procedures. (ibid, 13)

By introducing the Open Factory concept into the analysis, a vast array of new
skills and tasks now comes into consideration (see Fig. 2).

The “worker” in this setting will need knowledge about the elements of the CPS
enabled production that need to be reconfigured: adequate machinery (all-purpose
open source MultiMachines, prototyping …), on demand infrastructures (online 3D
printing services, Design for download …), Internet of Things (trackable objects,
Sensor Commons …), Open Development methods (modularization, open devel-
opment, crowdstorms …) and social movements (Maker Movement, Open Source
Development, Hardware Hacker …). Thus, the worker

[…] will set up determining factors of production, design, install and maintain complex
cyber-physical systems and define the rules of production […]. ([32], 7)

The knowledge about those elements will enable him to constitute the “factory”
according to the specific requirements of the product and marketing strategies: The
“factory worker” evolves into an enabler or architect of the open factory.
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Fig. 1 Open manufacturing. Source ([7], 195)
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6 Worker and Management: Converging Roles?

The new tasks of the “worker” that have been suggested here, obviously have little
to do with the original concept of the factory worker. But the changes do not stop
here. If we extend Gorz’s argument, we can anticipate, that via the influence of
ubiquitous social media, automatization and the opening of the work structures
enabled by CPS, a kind of convergence of skills, tasks, roles and ultimately profiles
in the workplace will take place. Thus, not only will the tasks and skills of
“workers” be related between different industries, but the many roles within the
factory may to a relevant extent assimilate as well, at least at the task and skill level.
If work will be done mainly using virtual interfaces, (organising production lines,
organising customer communities, communicating to employees …) than we can
reasonably expect rather similar skills in the new factory across many roles and
levels, perhaps even to the extent, that the traditional schism between worker and
manager will become less important or even obsolete ([3], L2f.). At least—if we do
not wish to engage in the discussion of converging roles and levels we can concede
that workers will become more “empowered”:

In a more interlinked world the function of employees will shift away from simple operators
towards decision-makers that are actively involved in the decision making process, which
focuses not on selective optimization but also considers the overall contexts. ([32], 7)

Of course, there will be specializations, in the sense of roles having different
focal points (organising employees, customers or production lines) and deep unique
expertise at various points, but the tools used and the resulting profile requirements
will be analogous: the digitization of work will lead to an abstraction of different
functions and tasks, with the consequences that they will be quite similar although
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Fig. 2 Skills and tools of open manufacturing (excerpt). Source ([7], 210)
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they will have different ends (i.e. addressing customers and connecting producers
via the same technology).2

At this point, we can only vaguely speculate on what this convergence would
mean from the perspective of an economy based on division of labour and spe-
cialization. We need to consider that automation hitherto was mainly being used as
to reinforce the role of management.

Automation was designed through the state system to demean and degrade people to
de-skill workers and increase managerial control. ([14], 259)

History reminds us, that existing power structures will not be overridden by mere
technological advancement or inexorable market forces ([24], 63ff., [28], 3ff.) But
structures and institutions are rather shaped according to the political will of the
involved actors and parties that—paradoxically often attempt to rationalize their
strategies ex post as the best economical or technical solution: might makes right
([29], 151ff.). Although the outcome of this transformation process is therefore
highly uncertain, as small actions by groups here and there may shift the vectors
and the institutional forms in radically different directions, there are already indi-
cations that stakeholders are recognizing this alteration of the power bases, and the
first realignments and regroupings seem to be taking place ([4], 11ff., [39], 132).

7 Conclusion: Moving up the Ladder

Starting from the first perspectives of the 1980s, covering current developments and
also anticipating the factory of the future, there are three possible models for the
human in the CPS production line:

• The process worker: This worker is mainly concerned with monitoring the more
or less fully automated production process. This rather limited role is the end
point of a development that wishes to eliminate humans from the production;

• The role model: This role brings back the human as a template for mechanical
skills that need to be reconstituted in machines. The human here becomes an
extraordinarily skilled and versatile worker, who works in enclaves (workshops)
to retain and refine skills that are not used in the production process directly, but
will be transferred to the machines in order to gain the upper hand in the
configuration of the production process and to maintain competitive advantages;

• The architect: Here the factory worker becomes the enabler and configurer of
the CPS production, connecting different developers, production lines and
customers.

Clearly, these roles require very different sets of skills. Perhaps it is useful to
imagine this reorientation as being enabled by a (re-)qualifying learning path for the

2Gorz would of course have used the term “alienation” instead of “abstraction”.
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present worker. Staying in the inferior role is not an option. Not only is this work
quite unchallenging, there will be little demand for it in the future:

Fortune will instead favor […] those who can innovate and create new products, services,
and business models. [13]

When looking at the three models as a kind of development path, however, it is
possible to imagine that process workers will evolve to (re-)discover their abilities
and become masters of certain skills sets that will, in turn, lead to robots and
production lines that are built to their abilities and likings. From this position, it is
not a huge step to become the architect of the entire factory layout, which will be in
constant flux in order to connect the different type of developers, customers (acting
as producers) and the production lines that need to serve these groups. This
movement, in fact, has been with us for some time:

It is sometimes said, that the mass manufacturing ended the role of the craftsman, who was
replaced by heavy machines stamping out identical parts. In fact, craftsmanship moved into
the engineering department, where products are designed and their means of manufacture
devised. ([26], 128)

Learning the skills needed for this qualification—one may argue—will be dif-
ficult and not possible for the worker. But Digitization and its new forms of
organisation has always been about enabling skills that were neglected and sup-
pressed by the traditional hierarchy ([1], 121ff., [8], 29ff.). Thus, we can anticipate
that digitally augmented learning paths will be available to anyone and may make
ascending the ladder easier and more feasible [5]. The worker would ultimately
behave like an “Edupunk” somebody who could create his learning path not only
by using elements of traditional education but also from downloaded learning
content and peer learning:

The way I look at it, a complete personal learning plan ought to have four parts: finding a
goal and the credentials or skills needed, formal study, experiential education, and building
a personal learning network. ([21], 137)

This educational task will be become an important part of the workers role, and
will mainly be his responsibility, if the experiences of freelancers who already
operate in a less binding and more open working relationships offer any indication:

We not only take all the risks of our job moves, we assume the task of taking care of our
creativity of investing in it, and nurturing it. […] Increasingly workers have come to accept
that they are completely on their own-that the traditional sources of security and entitlement
no longer exist, or even matter. ([16], 99)

We can furthermore suspect that companies will develop demographic
HR-strategies that will shape and influence the development path described here:

The VW board member for human resources, said robots would fill some of the retiring
baby boomers’ jobs, not people. He did however insist that robots would take over the more
monotonous or unergonomic tasks allowing human employees to focus on more highly
skills jobs. ‘We have the possibility to replace people with robots and nevertheless we can
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continue to hire the same amount of young employees. Or put the other way: we would not
be able to compensate for this outflow of retirees by [hiring] young employees’. [23]

The worker—so it seems—must embrace some kind of learnership, the ability
to be a competent author of “[…] one’s individual learning journey by leveraging
the vast learning opportunities offered by personal networks and the global
marketplace” ([15], 265).

By introducing the need to model CPS according to human skills and recognizing
the changing nature of the factory, we suddenly have a wide and rich array of different
tasks and profiles for the human, which have somehow been obscured by the image
of the process worker. By focusing on the process worker image exclusively, we may
have followed a practice that recognized the factory worker as a steady and fixed
“factor” of the production plant, unable to fully use his or her capacities and take any
active part in the development and refinement of his or her skills. This perception—
one must hope—can now be left behind, just like the old factory.

References

1. Al-Ani A (2013) Widerstand in Organisationen. Organisationen im Widerstand. Virtuelle
Plattformen, Edupunks und der nachfolgende Staat. Springer, Heidelberg

2. Al-Ani A (2015) Arbeiter zwischen Knechtschaft und totaler Befreiung. Zeitonline. http://
www.zeit.de/karriere/2015-05/digitalisierung-arbeiter-fabriken. Accessed 12 Dec 2015

3. Al-Ani A (2015) Wie Globalisierung, Technisierung und der Algorithmus jeden Aspekt von
Unternehmen betreffen. In: Der Standard, 29–30 August 2015, pp L2–L3

4. Al-Ani A, Stumpp S (2016) Rebalancing interests and power structures on crowdworking
platforms. Internet Policy Rev 5(2)

5. Al-Ani A (2016) Lehren in digitalen Lernwelten. Neue Rollen und Funktionen von
Lehrenden. In: Cendon E, Mörth A, Pellert A (eds) Theorie und Praxis verzahnen.
Lebenslanges Lernen an Hochschulen. Waxmann, Münster, pp 247–260

6. Anderson C (2012) Makers. The new industrial revolution. Crown Business, New York
7. Bauwens M, Mendoza N, Iacomella F (2012) Synthetic overview of the collaborative

economy. http://p2pfoundation.net/Synthetic_Overview_of_the_Collaborative_Economy.
Accessed 10 Dec 2015

8. Benkler Y (2006) The wealth of networks. How social production transforms markets and
freedom. Yale University Press, New Haven

9. Blanchet M, Rinn T, Thaden GV, De Thieulloy (2014) Industry 4.0. The industrial revolution.
How Europe will succeed. Roland Berger Consultants, Munich

10. Braverman H (1974) Labour and monopoly capital. The degradation of work in the twentieth
century. Monthly Review Press, New York

11. Brock C (2013) How William Shockley’s robot dream helped launch Silicon valley. http://
spectrum.ieee.org/at-work/innovation/how-william-shockleys-robot-dream-helped-launch-
silicon-valley. Accessed 3 Dec 2015

12. Broy M (2010) Cyber-physical systems—Wissenschaftliche Herausforderungen bei der
Entwicklung. In: Broy M (ed) Cyber-Physical Systems. Innovationen durch
Software-Intensive eingebettete Systeme. Springer, Wiesbaden, pp 17–33

13. Brynjolfsson E, McAfee A, Spence M (2014) New world order. Labor, capital, and ideas in
the power law economy. Foreign affairs, August 2014. https://www.foreignaffairs.com/
articles/united-states/2014-06-04/new-world-order. Accessed 12 Dec 2015

572 A. Al-Ani

http://www.zeit.de/karriere/2015-05/digitalisierung-arbeiter-fabriken
http://www.zeit.de/karriere/2015-05/digitalisierung-arbeiter-fabriken
http://p2pfoundation.net/Synthetic_Overview_of_the_Collaborative_Economy
http://spectrum.ieee.org/at-work/innovation/how-william-shockleys-robot-dream-helped-launch-silicon-valley
http://spectrum.ieee.org/at-work/innovation/how-william-shockleys-robot-dream-helped-launch-silicon-valley
http://spectrum.ieee.org/at-work/innovation/how-william-shockleys-robot-dream-helped-launch-silicon-valley
https://www.foreignaffairs.com/articles/united-states/2014-06-04/new-world-order
https://www.foreignaffairs.com/articles/united-states/2014-06-04/new-world-order


14. Chomsky N, Rounds P, Schoeffel J (2002) Understanding power. The indispensable
Chomsky. The New Press, New York

15. Deiser R (2016) Some thoughts about the future of lifelong learning universities. In:
Cendon E, Mörth A, Pellert A (eds) Theorie und Praxis verzahnen. Lebenslanges Lernen an
Hochschulen. Waxmann, Münster, pp 264–265

16. Florida R (2011) The rise of the creative class revisited. Basic Books, New York
17. Frazzon E, Hartmann J, Makuschewitz T, Scholz-Reiter B (2013) Towards

socio-cyber-physical systems in production networks. In: Procedia of the forty sixth CIRP
conference on manufacturing systems 2013, pp 49–54

18. Gorecky D (2014) Mensch-Maschine-Interaktion im Industrie 4.0-Zeitalter. In: Bauernhansl T,
Hompel M, Vogel-Heise B (eds) Industrie 4.0. in Produktion, Automatisierung und Logistik.
Anwendungen-technologien–Migration. Springer, Wiesbaden, pp 525–542

19. Gorz A (1989) Kritik der Ökonomischen Vernunft. Rotbuch Verlag, Berlin
20. Hagel J, Brown J, Davision L (2010) The power of pull. How small moves, smartly made, can

set big things in motion. Basic Books, New York
21. Kamenetz A (2010) DIY U: Edupunks, Edupreneurs, and the coming transformation of higher

education. Chelsea Green Publishing, White River Junction
22. Lohr S (2013) Computers get a human hand steering the web. New York Times. http://www.

nytimes.com/2013/03/11/technology/computer-algorithms-rely-increasingly-on-human-
helpers.html. Accessed 1 Apr 2015

23. Manufacturing Global (2014) Volkswagen to replace human workforce with robots in
Germany to meet demand. http://www.manufacturingglobal.com/peopleskills/170/
Volkswagen-to-replace-human-workforce-with-robots-in-Germany-to-meet-demand. Acces-
sed 2 Apr 2016

24. Marglin S (1974) What do bosses do? Rev Radic Polit Econ 6(2):60–112
25. Markoff J (2015) Machines of loving grace. Harper Collins Publishers, New York
26. Moravec H (1999) Robot. Mere machines to transcendent mind. Oxford University Press,

New York
27. Noble D (1985) Command performance: a perspective on military enterprise and techno-

logical change. In: Smith M (ed) Military enterprise and technological change. Perspectives
on the american experience. The MIT Press, London, pp 329–346

28. Noble D (1995) Progress without people. New technology, unemployment, and the message
of resistance. Between the Lines, Toronto[29] Ortmann G (1999) Formen der Produktion –

Organisation und Rekursivität. Westdeutscher Verlag, Opladen.
29. Ortmann G (1999) Formen der Produktion – Organisation und Rekursivität. Westdeutscher

Verlag, Opladen
30. Pfeiffer S (2015) Auswirkung von Industrie 4.0. auf die Aus- und Weiterbildung.

Österreichische Akademie der Wissenschaften Verlag, Wien
31. Picot A, Neuburger R (2014) Arbeit in der digitalen Welt. Zusammenfassung der Ergebnisse

der AG 1-Projetktgruppe anlässlich der IT-Gipfelprozesse 2013 und 2014. Münchner Kreis,
Munich

32. Schuh G, Potente T, Varandani R, Hausberg, C, Fränken, B (2014) Variety management in
manufacturing. In: Proceedings of the 47th CIRP conference on manufacturing systems
collaboration moves productivity to the next level, pp 3–8

33. Shirky C (2010) Cognitive surplus. How technology makes consumers into collaborators.
Penguin Books, New York

34. Siegele L (2015) Does Deutschland do digital? The Economist. http://www.economist.com/
news/business/21678774-europes-biggest-economy-rightly-worried-digitisation-threat-its-
industrial. Accessed 10 Dec 2015

35. The Economist (2012) Making the future. How robots and people team up to manufacture
things in new ways. The Economist. http://www.economist.com/node/21552897. Accessed 2
Nov 2015

36. The White House (2015) A nation of makers. https://www.whitehouse.gov/nation-of-makers.
Accessed 31 Oct 2015

CPS and the Worker: Reorientation and Requalification? 573

http://www.nytimes.com/2013/03/11/technology/computer-algorithms-rely-increasingly-on-human-helpers.html
http://www.nytimes.com/2013/03/11/technology/computer-algorithms-rely-increasingly-on-human-helpers.html
http://www.nytimes.com/2013/03/11/technology/computer-algorithms-rely-increasingly-on-human-helpers.html
http://www.manufacturingglobal.com/peopleskills/170/Volkswagen-to-replace-human-workforce-with-robots-in-Germany-to-meet-demand
http://www.manufacturingglobal.com/peopleskills/170/Volkswagen-to-replace-human-workforce-with-robots-in-Germany-to-meet-demand
http://www.economist.com/news/business/21678774-europes-biggest-economy-rightly-worried-digitisation-threat-its-industrial
http://www.economist.com/news/business/21678774-europes-biggest-economy-rightly-worried-digitisation-threat-its-industrial
http://www.economist.com/news/business/21678774-europes-biggest-economy-rightly-worried-digitisation-threat-its-industrial
http://www.economist.com/node/21552897
https://www.whitehouse.gov/nation-of-makers


37. Trudell C, Hagiwara Y, Jie M (2014) Humans replacing robots herald Toyota’s vision of
future. http://www.bloomberg.com/news/articles/2014-04-06/humans-replacing-robots-herald-
toyota-s-vision-of-future. Accessed 2 Dec 2015

38. Vironis J (2015) It’s actually open source software that’s eating the world. http://venturebeat.
com/2015/12/06/its-actually-open-source-software-thats-eating-the-world/?utm_content=
bufferaa38e&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer.
Accessed 10 Dec 2015

39. Wallerstein I (1999) The end of the world as we know it. Social science for the twenty-first
century. University of Minnesota Press, London

574 A. Al-Ani

http://www.bloomberg.com/news/articles/2014-04-06/humans-replacing-robots-herald-toyota-s-vision-of-future
http://www.bloomberg.com/news/articles/2014-04-06/humans-replacing-robots-herald-toyota-s-vision-of-future
http://venturebeat.com/2015/12/06/its-actually-open-source-software-thats-eating-the-world/%3futm_content%3dbufferaa38e%26utm_medium%3dsocial%26utm_source%3dtwitter.com%26utm_campaign%3dbuffer
http://venturebeat.com/2015/12/06/its-actually-open-source-software-thats-eating-the-world/%3futm_content%3dbufferaa38e%26utm_medium%3dsocial%26utm_source%3dtwitter.com%26utm_campaign%3dbuffer
http://venturebeat.com/2015/12/06/its-actually-open-source-software-thats-eating-the-world/%3futm_content%3dbufferaa38e%26utm_medium%3dsocial%26utm_source%3dtwitter.com%26utm_campaign%3dbuffer

	23 CPS and the Worker: Reorientation and Requalification?
	1 Enter the Process Worker
	2 The Opening of the Lights-Out Factory
	3 What Skills Now?
	4 The (Temporary?) Return of the Gods
	5 The New Factory: Connecting the Dots
	6 Worker and Management: Converging Roles?
	7 Conclusion: Moving up the Ladder
	References


