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Abstract

Starting point of this paper is the prevailing view in the digitization discourse that there is
currently a pronounced technology push with disruptive consequences for work. The article
argues, however, that disruptive and structural change is by no means to be found or
expected in all economic sectors and working segments. The thesis of this paper is that the
digitization of work in the sector of industrial production is tied to a markedly path-dependent
process of technological innovation and transformation of work. It is shown empirically that
path dependency can be identified by incremental digitization measures in most companies
and a related structurally conservative change in work. To explain these findings, conceptual
considerations of organizational path dependence are invoked which emphasize particularly
the mechanism of self-reinforcing increasing returns. However, technological and
organizational path-dependency does not exclude the possibility of disruptive change.
Therefore, the empirical and theoretical preconditions for longer-term disruptive change in

work processes are discussed in conclusion.
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1. Introduction?

The paper asks about the patterns of digital innovation in industrial production and its conse-
quences for organization and work. The widespread thesis is that digital technologies are
opening completely new and unknown technology application potentials with no less than
disruptive technological, social, and economic consequences and it opens up new possibilities
for future economic growth (Avant, 2014; The Economist, 2017). In this view, a new era is
recognizable that in the international debate is variously called the “second machine age”
(Brynjolfsson and McAfee, 2014; McAffee and Brynjolfsson, 2017), the “third industrial revolu-
tion” (Rifkin, 2010) or, in the German-speaking countries, the “fourth industrial revolution” —
respectively, “Industry 4.0” (e.g. Forschungsunion and acatech, 2013; Hirsch-Kreinsen, 2016;
Garibaldo and Rebecci, 2018). Without question, this debate currently has all the characteris-
tics of “hype”: spectacular changes and prospects are predicted and, in professional circles,
politics and far beyond, no other issue is so often attributed such an important role in the
visions of future social and economic development. With reference to sociological innovation
research Industry 4.0 can also be understood as a "promising technology", based on the
premise that advances in digital technologies will bring about new and positive technological,
economic and social prospects (Hirsch-Kreinsen, 2016a).

Indeed, the thesis of a foreseeable disruptive development in technological, social and eco-
nomic structures cannot be fundamentally refuted. Without question, in a whole range of
economic sectors, a sustained process of far-reaching structural changes is occurring through
digitization. For example, from the end of the 1990s these were sectors where production,
sales and communication are directly based on immaterial transactions, as well as on the use
of large amounts of data. To be mentioned here are service sectors such as music production
and distribution, publishing and press, or also financial services, whose digitization has caused
far-reaching changes in company and sectoral structures (Zuboff, 2010; McAfee and
Brynjolfsson, 2017). In particular, also in consumer goods, through use of digital platforms as
coordinating media, far-reaching transformations are taking place that have been leading to a
new quality of business-customer relations, business models and related models of work. Also
significant here is the accelerating spread of new forms of unbound work through digital net-

works and platforms, also known as “crowdwork” or “gig work”. Empirically this development

1 This paper is a revised version of a German-language text first published under the title "Die

Pfadabhangigkeit digitalisierter Industriearbeit” (Hirsch-Kreinsen, 2018).



until now has been located mainly in sectors like IT and software and in a humber of service
fields (e.g. Leimeister and Zogaj 2013; Staab, 2016; Schmidt, 2017).

However disruptive structure change is by no means found in all economic sectors and seg-
ments of work processes. Against all expectations, such as especially expressed in the Ger-
man Industry 4.0-discourse, evidence shows that industrial production in particular has been
characterized by only rather moderate innovation patterns and transformative tendencies in
recent years. Therefore in the following it will be argued that with digitization, resp. Industry
4.0 are not generally associated with disruptive consequences, but rather, that digitalization in
industrial production until now has involved a pronounced path-dependent transformation
work processes. As shown in the following, this thesis is based on a multitude of empirical
evidence as well as conceptual considerations from research in the sociology of organizations

about path-dependencies in organizational change.

The paper’s argumentation comprises the following steps: first, the empirical basis and the
conceptual framework are introduced (sections 2, 3). Second, this study’s empirical findings
are summarized (section 4), and third, the question is posed of what preconditions are neces-
sary for the emergence of long-term tendencies of disruptive change in industrial production

(section 5).

2. Methods and empirical basis

The empirical basis of the following presentation comprises two complementary methodologi-

cal approaches:

e First, the argumentation is based on the results of ongoing analyses of the relevant litera-
ture as well as of the public and scientific research discourses on the patterns and social
effects of digital innovations. Here the results of above all the statistical quantitative anal-

yses are summarized.

e Second, the approach draws on qualitative results of case studies of manufacturing com-
panies in Germany that have engaged with Industry 4.0 and thereby at least in part al-

ready introduced new digital systems.

The company case studies were and continue to be conducted at TU Dortmund University

within the framework of two empirical projects in basic research, as well as in the context of



three application-oriented research projects.” The company sample used here comprises 23
German companies in machine building, electrotechnical equipment, the furniture industry
and logistics. These are mostly SMEs with up to 500 employees (9 firms); five firms with up to
1000 workers; and nine larger companies that, at the study locations, in part employ more
than 1000 persons. In these plants the introduction of the most various digital technology
systems was investigated. These were, for example: so called lightweight handling robots,
autonomous guided vehicles (AGV), planning and scheduling systems like Enterprise-
Resource-Planning systems (ERP), radio-frequency identification (RFID) product coding, vari-
ous kinds of shopfloor information systems, as well as networked transport and logistics sys-

tems.

The case studies were of varying intensity: on the one hand in some of the firms they were
limited to one or two interviews with company management and/or works council and union
representatives. On the other hand at other companies the analysis had an intensive charac-
ter, comprising a series of interviews with management representatives and works council

deputies as well as extensive and in part repeated plant tours.

Since the research projects are in part still being carried out, this paper summarizes prelimi-
nary results. That is, the present study’s results have not (yet) been systematically evaluated;
rather, they are here selectively used to support and illustrate the theses of this paper. In this
way, the following argumentation is part of a “work in progress”, and intended to initiate dis-

cussion and further research.

3. The concept of path-dependency

With the thesis of path-dependent change in technology and work is taken up a prominent
explanatory approach in the social and economic sciences that thematizes the stabilizing ef-
fects of organizational and institutional change (e.g. Mayntz, 2003). Path-dependency is un-
derstood as a transformative process that above all through positive feedback effects and the
avoidance of incalculable risks follows a path largely predetermined by the given organiza-
tional structure and personnel-related influences. Certainly the concept of path-dependency
requires specification and an analytical relation to a concrete research question in each case,
if it is not to remain only a concept with little explanatory character (ibid.). In the case of the

2 For further information about our current research projects see: http.//www.neue-
industriearbeit.de/index.php?id=2



research question discussed here of innovative techno-organizational change at the company
level, it is possible to resort to theoretical economic and sociological considerations about rel-
evant mechanisms of path-dependency in organizations (e.g. Beyer 2010; Sydow et al. 2009;
2018).% Most important here is the mechanism of /ncreasing returns that, in given techno-
organizational process structures, induces self-reinforcing effects. Increasing returns are pre-
cipitated and caused by more or less frequently occurring “small events”, but also by accident.
According to the instructive summary of the concept due to Jirgen Beyer, this situation is
present when the application of a new technology increases the economic advantage of given
processes and with that stabilizes their structures and procedures (Beyer, 2010). It is em-
phazised that such effects can occur especially with new knowledge-based technologies, pre-
cisely in the case of the current digitization process, since basically economic limits are con-

sidered to hardly exist in the sense of lower advantage effects (Arthur, 1996).

Mechanisms of increasing returns are caused by various effect relationships. For technological

change the following can be considered relevant:

e Technical interrelatedness: The usefulness of new technologies can be realized fast if
these can be integrated into existing technical systems, whereby existing techno-

organizational bottlenecks and suboptimal situations can be eliminated.*

e Optimization effects: The efficiency of established work practices and routines can be in
the short term raised through reciprocal effects with the new technologies, and are organ-
izationally stabilized through that. Through these optimization effects, potential risks, un-
certainties, and additional costs can be avoided. And, with that the actually or even only
supposed pressure of amortization of earlier_investments, which are termed “sunk costs”,

can be taken into account.’

e Securing complementarity: This means conserving of the existing functional interdepend-
encies and synergies_of the different technological, organizational, and social elements of
a production process. The already established technological routines and related work
practices guarantee productivity, smooth running and synergy effects in the given soci-

otechnical systems of a production process. It is therefore plausible that through techno-

"Mechanism” s understood here as a repeating process that connects certain causes with certain
effects, similar to the concept of “effect relationship” (Wirkungszusammenhang) (Mayntz, 2003).

*  See here the mechanism of “technical interrelatedness” in Beyer (2010) resp. David (1986).

> See here the concept of “"quasi-irreversibility of investment” in Beyer (2010) resp. David (1996) and
the discussion of the factor of "sunk costs” in Sydow et al. (2009)



logical innovations, the existing process logic and synergies of production should not be
disturbed by the new technologies and expensive compensatory measures and follow-up

investment should be avoided.®

This differentiation between various mechanisms that lead to increasing returns and overall to
a stabilization of given process structures, is certainly of an analytical nature. As to be shown
(section 4), they are in reality closely related and lead to probably not only different, but also

similar effects.

It should be stressed furthermore that these effect relationships do not at all imply inflexibili-
ties (Beyer 2010): For one thing, these mechanisms do not lead to totally restrictive “lock-in"
situations, but rather they signify the corridors within which structural variations and gradual
change are possible. The knowledgeable actors involved in the processes — company man-
agement representatives, works council delegates and the employees — have choices in re-
gard to the given structures and can therefore vary these within certain limits (Sydow et al.,
2009: 695).

Therefore, in the long term view may be expected not only a stability of development, for the
aforementioned stability-insuring mechanisms imply also the potential for structural change.
In other words: an end to the techno-organizational development path that has been followed
is within the realm of the possible (Beyer, 2010). In regard to the analysis of digitization ef-
fects and possible disruptive change processes also in the industrial sector, this aspect is of

great interest and is therefore taken up in the conclusion of this paper (section 5).

4. Path-dependent change: empirical evidence

As the empirical findings indicate, with the introduction of digital technologies in the industrial
sector a break with the evolved techno-organizational and personnel structures is not to be
expected. Rather, with the application of new technologies processes are only moderately
developed further and continually rationalized. To show this more precisely, this path-
dependency can be empirically identified on the following dimensions:

This is to borrow from Sydow et al. (2009: 699) the mechanism they define as “"complementary

effects”; see also Beyer (2010).



e First, the digitally based process innovations in most companies proceed predominantly
incrementally, and are closely bound to the given technological, functional, organizational,

and economic conditions in the companies applying digital innovations.

e Second, change in work processes is structurally conservative. It shows an often only
gradual character and proceeds within the framework of existing organizational structures,
without these being broken apart or fundamentally changed. At the most, existing work
processes, through limited modifications of the forms of work to the demands and possi-
bilities of the new technologies, are changed and continually rationalized within given

structural frameworks.

In the sense of the concept of path-dependency these trends can also be considered “small
events” causing continuously increasing returns, in as far as the given processes are only

stepwise and moderately changed.

4.1 Incremental technological innovation

That digitization in industrial production has up to now proceeded incrementally, can be de-
termined first on the basis of the available_statistical data on the spread of digital technologies
in German industry. Differently from in the larger “high-end” companies often cited by in the
public debate digitization takes place in most companies only step-wise and within limitations
(e.g. Arntz, 2016; BMWI, 2016; Icks et al., 2017; Lerch et al., 2017 Schmidt, 2017). According
to the present data spread, in manufacturing — by comparison with the ICT sector, finance
and insurance providers, knowledge-intensive services and retail — a great hesitancy towards
digital technologies is recognizable. In an IAB/ZEW study from 2016 almost half of all manu-
facturing companies (46.5%) had not yet faced up to the issue of digital technologies, while
barely 37% of the surveyed companies had partially applied these technologies (Arntz, 2016:
4). Individually however, the industrial production sector, with regard to the degree of digiti-
zation, must be differentiated into various company types. If one aggregates the available
research findings from the literature (e.g. Kleinhempel et al., 2015; Pfeiffer et al., 2016; Saam
et al., 2016; Icks et al., 2017) and the detailed findings of our own studies (e.g. Wienzek,

2018), there emerges as a first approximation the following picture:

e First, one can speak of a far-reaching digitization. These companies apply the new digital
technologies systematically and they follow a long-term planned digitization strategy. ZEW

data show that up to ca. one-fifth of manufacturing companies can be classified into the



pioneer category (Saam et al., 2016). These are mostly technology-intensive, larger com-
panies in machine-building, the auto industry, electrotechnical equipment but also chemi-
cal and processing industries. Their process structures are characterized by high complexi-
ty as well as high batch production (Lerch et al., 2017). In our study sample around seven

companies in machine-building and electrotechnical equipment fit into this category.

e A second company category can be called selective digitizers. The findings show that all
companies in this category use very basic applications of digital technologies such as new
scheduling systems, and internet and cloud computing. A further feature of this type is the
stepwise, but limited application of digital technologies. Statistically these companies rep-
resent a share of all companies that — varying with the definition used — lies between
one-third to just short of one-half. In the present data spread these companies are found
in all manufacturing sectors, though SMEs are disproportionally represented (ibid.). In to-
tal from the study sample ca. eleven companies, mainly in the logistics area and the met-

alworking industry, can be classified as in this category.

e A third category can be termed as skeptical companies, or non-users. these companies are
mostly very unsure about what path to digitization could prove advantageous for them.
This category also includes companies that are uninterested in digitization applications and
very skeptical towards the current debate on Industry 4.0. The central feature of these
companies is that the very basic digital technologies such as internet, ERP systems or
networked control systems are used in only very rudimentary form often mixed with tradi-
tional organizational procedures. These firms often are single-batch or small-batch pro-
ducers. To go by the available data spread, this company type comprises up to one-third
of all the enterprises (ibid.). In our study sample around five companies can be classified

|II

as in the “skeptical” category.

As to the reasons for the majority’s only limited and incremental application of new digital
technologies, the present qualitative findings above all provide relatively clear indications. This
situation can be traced to the interaction of two of the above explained mechanisms of path-
dependency: one mechanism is the interrelation between the old and the new technologies in
the companies. With the addition of new systems existing IT solutions are optimized through
updating with new programs, improved networking, an increased data availability and better
hardware. As for the other mechanism, unmistakable are resultant optimization effects on
existing processes, achieved through partial improvements and the elimination of existing
“bottlenecks” such as undependable onward data transfer or absent network capabilities.
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These mechanisms of course work differently in dependence on the type of a particular com-
pany: in the case of the far-reaching digitizers, it is not only a matter of new, improved sys-
tems on the shopfloor, but in side-areas too such as logistics or engineering where new sys-
tems are also introduced. A typical case is a larger machine-building firm that thanks to a digi-
tally-assisted work-station information system wants not only to consistently reduce, but also
completely abolish the existing “flood of paper” in assembly processes. Further points of ap-
proach are the networking of the various systems, an optimization of data stocks and infor-
mation functions in control and management systems, as well as the implementation of self-

controlling systems such as modern lightweight robots.

These process innovations are accompanied by product innovations and the stepwise devel-
opment of new data-supported business models. Explicitly new, structure-changing technolo-
gy applications such as a platform-based network of customer relations and product users are
found in only two of the firms studied. A situation often encountered in machine-building and
the electrotechnical industry, and a driving factor is the circumstance that these companies
are equally developers and manufacturers of the new technologies themselves, and that
through the application in their own production operations they want to be able to demon-

strate the functionality and high efficiency of their innovations to potential customers.

By contrast, it is typical of the selective digitizers that they mainly realize partial solutions in
production, while advanced, e.g. areal- or company-wide applications, are quite rare. An ex-
ample is the updating of long-installed CAD/CAM networks with the intention of extending
their reliability and functionalities through the implementation of new software systems. A
middle-sized company of the furniture industry is an example: In this company the introduc-
tion of an AGV-system of took place in order to optimize the existing assembly through a fast-
er transport of product components without changing the basic layout of the process. In many
other companies existing internal communication and data systems are upgraded, various
function areas, particularly production and planning are more closely networked, and planning
and control systems further developed. Also is often observable the stepwise introduction of
mobile terminal devices such as tablets or also wearables of the most different kinds, with the
aim of making a more effective flow of information, eliminating existing information deficits

and, in the long term, achieving the “paperless factory”.

Finally, in many of the skeptical companies small steps toward digitization and the updating of
the given process structures can be observed. Quite apparently in these cases there is scarce-

ly digitization or innovation pressure, but rather limited rationalization measures sufficient to
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meet pressures of cost and competition. An example is the introduction of digitized systems in
limited areas as storage and logistics by which the existing processes are supposed to be ac-
celerated and made more reliable. Typical examples of this situation are SMEs in traditional
sectors of metal, plastics or food-processing who in traditional processes manufacture mainly
relatively simple products for which the extent of automation is limited. Such companies are
able to achieve sufficient efficiency of production processes on the basis of relatively low-level
technology, and they prefer to avoid what in their view could be the incalculable costs of new

digital systems.

4.2 Structurally conservative change of work processes

These incremental digitization steps are accompanied by a structurally conservative change of
work processes; that is, the dominant organizational and work-related structures are largely
retained despite the implementation of new digital technologies. At most they are changed by
marginal modifications to work procedures in order to accommodate the new technologies
and then they are continually adjusted. On the basis of findings available up to now, this situ-
ation can be traced to the above-mentioned mechanisms that bring increasing returns and
self-reinforcement of the given structures: namely the effects of an ongoing optimization pro-
cess, in part in small steps, as well as the necessity of assuring the complementarity of the
different sociotechnical process functions and elements. As can be shown, the majority of

companies therefore retain well-established work practices and given job qualifications.

Process optimization

An optimization of existing processes without further-going structural changes is found in
many companies that can be considered selective digitizers, and in companies skeptical of
digitization. As already mentioned, process optimization in these cases takes place — for ex-
ample through the introduction of mobile data devices to improve the steering of orders, the
extension of networks between indirect planning areas and the shopfloor with the further de-
velopment of CAD/CAM systems, avoiding thereby “media gaps”, or the introduction of a AGV
system coupled with IT-supported systems of work assignment. All these process innovations
are aimed at an optimization acceleration of the work process. Work processes are optimized
when work instructions are made clearer and less prone to error, material delivery becomes
less vulnerable to disturbance, or machine control programs more precise. The consequences
for processes are lower levels of disturbance, reduced need for worker decision-making, and
the tendency towards progressive standardization and simplification of procedures. In no case
however does this entail structure gaps in the scope of activities, qualification demands or the
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use of personnel. Rather, the specific work processes become more efficient and the previous-
ly often observable worker stress caused by disturbances and error-prone information is re-

duced observably, at least in part.

As an example of a process optimization it can referred to the introduction of mobile assis-
tance systems, e.g. tablets and Apple Watches by a small metalworking firm that can be
counted among the selective digitizers. The activities of production workers changed as fol-
lows: In the past they had to call logistics in order to get a new supply of necessary parts.
This didn't always succeed well however, when the logistics people were on their break, or
the telephone was busy or an order was simply forgotten. Now the logistics workers have an
Apple Watch, and the shopfloor personal makes the orders via iPad. Logistics now has thereby
all orders in the correct sequence on their watches. The shopfloor as well as logistics like the

new solution, which significantly prevents disturbance situations and the attendant stress.

A marginal advancement of work processes can be illustrated by a smaller, rather digitization-
skeptical logistics company that provides automobile producers’ replacement parts deliveries.
The work processes of the company were previously characterized as centered around an
unwieldy “piles of paperwork”. The reform of this foresaw the introduction of a digital infor-
mation system in two steps. In the first, the forklift drivers were to be supported by industrial
PCs mounted in the forklift, on which the next five to ten orders were to be displayed and
individually confirmed and sequentially carried out by the driver. Recognizably a certain free-
dom of decision enjoyed previously by the forklift drivers will be thereby largely eliminated.
The packing workers on the other hand will now be supported by the tablets installed at their
workplaces. They can electronically activate or de-activate orders as well as receive or request

any special instructions for packing an order.

Assuring complementarity

The structurally conservative change in work described can be also explained by the necessity
of assuring the complementarity of the various sociotechnical process elements and functions.
To do this the majority of the companies, largely independent of the digitization type, resort
to practiced modes of work and existing worker qualifications. Concretely, this mechanism is
graspable in the more or less ongoing adjustment between the digitally formalized virtual
process replicas and the work specifications resulting from them on the one hand, and the
often not exactly calculable actual physical and social process execution on the other hand.
This is a phenomenon that social science labor research has already long pointed out (e.g.

Funken/Schulz-Schaeffer, 2008). On this view, many automation processes function only
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when workers apply ordinary everyday creativity and improvisation skills in order to deal with
the quirks and disturbances occurring during automation (e.g. Heidenreich et al., 2009;
Blchner et al., 2017).

As the available findings also show, the preconditions for this are specialist knowledge, accu-
mulated experience and the motivation of the employees to engage in the ongoing process of
managing the new technological demands. One interviewed expert formulated this situation
explicitly as when the worker always knows “a thousand times better” than the boss how a
production process actually functions. This suggests therefore the broad retention of practiced
forms of personnel deployment, the qualification structure, and the work organization, in or-
der to avoid unnecessary risks in the application of new technologies. Thus remain, in the
case of the above-described digitalized control of logistics processes in a smaller logistics firm
(of the selective digitizer type), spaces for individual actions by the forklift drivers as well as
for packing personnel, so that they can vary the sequence of orders and even exchange their
jobs. From the viewpoint of the workers but also of supervisors, the previous practice had
demonstrated its value, so that they wanted to retain it in order to be able to manage dis-

turbances and unplanned demands for flexibility.

A similar situation is the case of a selective digitizer, an electronics company attempting to set
up a “paperless” assembly line with a shopfloor information system. Up to now however this
goal could only be achieved provisionally, because the assembly groups continued to use pa-
per documents (such as large drawings) in order to keep an overview of the final assembly
process — to the apparent irritation of the plant manager. As the reason for this was given
that the necessity for communication and harmonization within the assembly group, such as
about short-term construction changes, but also with indirect areas such as the design de-
partment in the past were managed without any problems by means of paper documents. In
regard to the use of an also newly introduced control system (in the same firm) one shopfloor
supervisor stated that it was better — as before — to ask the crane operator when you

wanted to know exactly where a particular component was in the_assembly run.

In particular, the many necessary coordination and transposition tasks between the virtual
and the real levels make necessary the experiential knowledge possessed by workers, which
today can scarcely be fully captured and represented digitally. This means that — in a prob-
lem familiar to knowledge theory — many tasks rest on an implicit understanding of their re-
quirements and the methods and rules for their execution that often cannot be made fully

explicit or sometimes not at all (e.g. Amin and Cohendet, 2004; Autor, 2015). Concretely are
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mentioned task elements that need flexibility, judgement, social interaction and communica-
tion, as well as accumulated experience with particular work procedures. These activity ele-
ments are found in cognitive, intellectual jobs that exhibit a high degree of creativity, prob-
lem-solving ability, and intuition. An instructive example of this provided the production man-
ager at a technologically high-end appliance manufacturer for the case of sheet-metal form-
ing. Recently, sheet-metal forming processes had been optimized with the help of a simula-
tion system. In the calculated forming process however the material tore with great regulari-
ty. At first none of the involved technicians were able to identify the cause of the tearing. On-
ly after a long malfunction analysis could it be determined that the forming machines them-
selves were set at too extreme bend parameters and the material to be bent thereby tore.
The diagnosis of the error was however only possible because an experienced metal-forming
technician was consulted who did not rely on the simulation data, but rather on his experi-

enced-based knowledge and a “hands-on” approach to find the cause.

However, experience-based knowledge still also plays in areas of simple manual tasks a cen-
tral role, where situative adaptiveness and flexible action, social interaction, physical dexterity,
and a light touch are needed. One such example for this was found in a company — a selec-
tive digitizer — manufacturing living-room furniture. In this form textile sitting surfaces of
chairs are sewn and the most different materials for this need to be precisely cut out. The
repeated attempt to replace this manual work, carried out by skilled women workers, with
that of robots, has failed until now. According to the plant manager the main reasons for this
were that the seamstresses worked more flexibly than the machines, and optimized the mate-
rial layouts more economically. Also, they contribute to the desired quality of workmanship a
necessary sense of materials differentiation between the often fine variations in textiles, a
sense which machines do not possess. Apparently, these are work processes where the need-
ed levels of optimization, quality and flexibility can even today only be achieved in manual
work. A prominent firm representative stated succinctly about the situation: “AI won't be

sewing our products in ten years either” (FAZ, 2017).

On the one hand it is thus apparent that the work practices of employees are used to correct
optimization deficits and to deal with process malfunctions. On the other hand it is probable
that the new digital technologies are opening up approaches to new forms of idiosyncratic
social behavior, i.e. new combinations of already well-functioning practices and new technolo-
gy-dependent but informal courses of action. For in each case the well-established mechanism
of sociotechnical complementarity is threatened with loss of its previous functionality and

companies must continually re-establish the stable, disturbance-free status of processes. Dig-
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itized work processes thus become once again an arena of contention particularly surrounding
the question of how compatibility can be established between the virtual and actual levels.
Here it is ultimately a matter of the “right” interpretation of the data and their translation into
work practices and decisions in the course of the work process. The consequence is simply

the above-sketched only hesitating change in work structures.

5. Conclusion: is there a foreseeable transformation?

To resume the present findings, the current tendencies in the development of work processes
can be characterized as the updating of work processes (Helmrich et al., 2016). This term
indicates a very moderate pattern of technological and social innovations whereby companies,
in the course of digitization, implement new technologies as well as develop qualifications and
competencies_proportionally to the existing forms of plant and work organization, but without

substantially changing their structures.

Quite apparently a developmental pattern of work is repeating itself that sociologists already
in the past have observed as the consequences for work processes with the introduction of IT
systems. In the mid-1980s Joachim Bergmann, summarizing the research of German sociolo-
gy of work on the topic of technology and work and the application of microelectronic tech-
nologies, could hardly recognize any far-reaching changes in work: “The new technologies
were apparently successfully integrated into the existing organizational structures of work;
dramatic changes did not occur...” (Bergmann, 1986: 118). A similar finding was demonstrat-
ed by results of analyses, in the late 1980s and early 1990’s that studied the then beginning
networking of production systems under the label “Computer Integrated Manufacturing”. It
was shown that companies reacted very reservedly to these new technology perspectives and
that single networking components in the organization of work were mainly used in a way
that scarcely brought about any changes in the work organization or the deployment of per-
sonnel (e.g. Hirsch-Kreinsen and Schultz-Wild, 1990).

In light of the repeatedly posited present and foreseeable massive shift to digital technologies,
the question is all the same pertinent, in how far the above-sketched pattern of path-
dependency also in the future will shape the changes in technology and industrial work, and
in how far a fundamentally disruptive change in industrial work — in the context of digitization
— is not to be expected. Empirical as well as conceptual reasons speak for why this is, in the

long term, thoroughly conceivable.
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In the available research findings there is a number of indications of a trend towards struc-
ture-changing transformational tendencies. Apparently, in at least a few firms of different dig-
itization levels, newly created developmental potentials for work are being used. The case is
described of a selective digitizer’'s departure from the previous labor-division type of shopfloor
organization and its decentralization of planning tasks in the wake of its introduction of a
Manufacturing Execution System (MES). The idea here is that specialist workers know best
the machines that they set up and on which they work. Basically, each employee in the pilot
area should carry out all the necessary tasks — machine setup and programming, as well as
operation/maintenance. Another empirical example is the case of a far-reaching digitizer
where new digital technologies are increasingly substituting above all low- and semi-skilled
jobs on the shopfloor. Here the works council fears that all these jobs will largely disappear
and mainly fully automated production in future will need only a few skilled fitters for dealing

with malfunctions, some advisory personnel, and software specialists.

However, also in the view of the path-dependency approach disruptive sociotechnical tenden-
cies of change are conceptually not be excluded. Thus Jirgen Beyer points to path-dependent
developments that are also thoroughly vulnerable to disruptive change, with_the end of a path
also possible (Beyer, 2010). He stresses that path-dependencies based on the aforementioned
mechanism by no means can lead to a long-term lock-in of the existing processes. And it
should not be overlooked, that supposed gains of alternative solutions and the respective
choices of the actors involved could lead technologically and organizationally to new struc-
tures. Also other authors stress the possibility of leaving a path that was once taken. A pre-
condition for this is the ability to understand and to reflect on the mechanisms of path-
dependency and to consider alternative paths (Sydow et al., 2009: 702). This situation can
occur when the expected advantage of a path change is big enough, the costs of a change is
considered small, and thus expectations of greater economic effects on the new path appear

plausible.

These general considerations can also be linked to the the present digitization discourse,
which urge a departure from the dominant path-dependency of companies: Company deci-
sionmaking processes and the constellation of the actors involved can change, with the con-
sequence that the small-step optimization mechanisms of the existing structures are no longer
seen as sufficient, and strategies of a disruptive change are taken up. A reason for this can be
the not-to-be-underestimated influence of the current digitization discourse in which exagger-
atedly high expectations of possibly far-reaching economic and social effects of a successful

digitization are emphasized. The often shared conviction about this that a far reaching techno-
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logical, economic, and social transformation has a unavoidable character, may also lead in
many companies to new innovation strategies. Additionally, the necessity of introducing the
new technologies as comprehensibly and rapidly as possible, is underscored by the constant
reminders of already successful digitized companies. Not least, such successful company cas-
es encourage an intensive examination of the new technological potentials, often less with
respect to performance-increasing aspects, than those of legitimation. Company managers
also want to avoid risks in future, not be considered unmodern, and it is becoming increasing-
ly difficult to justify not following the digitization trend. Companies are under increased pres-
sure to conform, precisely in regard to digitization and Industry 4.0. This phenomenon can be
understood organization-sociologically as a mimetic isomorphy mechanism (e.g. Dimaggio and
Powell, 1983). In the long term the company actor constellations, which decide about compa-
nies’ innovation strategies, will also shift. For necessarily, in the long term digital innovations
— in comparison to the previously praxis-oriented qualifications (for example through the de-
ployment of new, specialized personnel) — will gain in significance and with that influence
decisionmaking criteria in the direction of the expanded and more intensive innovation strate-
gies aiming for digital technologies. Finally, with that the overall to date rather hesitant com-

pany innovation processes should speed up.

Beyond that, it is not to be excluded that stabilizing mechanisms, as interpreted above as
technical reciprocal and complementary relations of sociotechnical structures, will diminish in
their effects. For, the — if at first only partial — introduction of new technologies can, from a
certain usefulness level of adaptation, impose a shift and disruptive modification of the exist-
ing structures, if further efficiency, and productive synergy effects are to be maintained. An
example of this is the employment of Al based production systems. The productivity potential
of which can only then be fully exploited when preceding and following processes, in regard
to the performance of the new systems, are functionally reorganized and the work processes
correspondingly redesigned. Further evidence of the growing pressure for change could be
the introduction of new digital-based business models and an extended service orientation of
many industrial companies. These innovations will have unavoidable techno-organizational
reverse effects on the existing internal processes and impart pressure towards their more sus-

tained transformation.
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