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Industry 4.0. Transformation Challenge
in Light of Dynamic Capabilities

Kalevi Kylédheiko and Piivi Maijanen

1 INTRODUCTION

The manufacturing industry is changing drastically due to the changes
brought about by the driving forces of the so-called Industry 4.0
Transformation, such as digitalization, modularization, additive
manufacturing (3D printing), robotics, artificial intelligence, mass
customization, global keen rivalry, etc. Perales et al. [1] characterize
Industry 4.0. by means of virtualization, interoperability, automation,
flexibility, real-time availability, service orientation, and energy efficiency,
whereas Zezulka et al. [2] emphasize (1) digitization and integration of
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networks, (2) digitization of product and services, and (3) generating new
market (preferably business) models. This means that the firms that want
to sustain their competitive advantage (CA) have to be able to rapidly
reorganize and transform their resource (especially knowledge) bases and
operational manufacturing skills, routines, and capabilities in a cost
efficient way. Large multinational companies as well as more local small
and medium-sized enterprises in the manufacturing industry have to
proactively find a way to re-invent their new business models in a way that
combines their strengths in product design and manufacturing together
with existing, or to-be-created new capabilities in managing digital
ecosystems. Because of strong network externalities (resulting in “the
winner takes it all”’-earning logic) one can anticipate that only the
companies that are the first ones to reinvent, recombine and finally
standardize new capability combinations as necessary Dbottleneck
complementary assets will be able to sustain their CA.

Teece [3] uses “digital comvergence” as an umbrella concept that
touches upon the main aspects of the digital revolution. In its core is wire-
less communication based on digital broadband technologies. It makes it
possible to effectively and flexibly control and monitor extensive platforms
and digital ecosystems. Digital information is not locally constrained any-
more, which means that the firms can flexibly locate their manufacturing
activities so that they can best satisfy individual needs of buyers/custom-
ers. The sensors, microprocessors, learning algorithms, etc. enable the
firms to remote control complex supply chain networks and manufactur-
ing design problems as well as to anticipate of potential problems already
before anything fatal takes place (the rapid rise of the so called “Internet
of Things, IoT” manifests that). This means that large parts of manufac-
turing products can be designed where the best high-tech expert knowl-
edge exists and then flexibly produced where the demand is, for instance,
by means of additive manufacturing (3D printers) and robots. Because the
role of manual unskilled workers becomes less important, manufacturing
becomes more foot-loose thus allowing the rise of “born globals” even
amongst small and middle-sized enterprises. Because of digitalization of
production design, also the border line between products and services
partly loses its importance. The manufacturing firms are also service pro-
viders—the integration of manufacturing and service is called servitization
in [4] and they show empirically that there seems to be a nonlinear
U-shaped interaction-effect between digitalization and servitization on
financial performance in a sample of 131 manufacturing companies. In
addition, the industry boundaries are losing their distinctive nature and, in
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fact, many of the most promising opportunities can be found on the inter-
faces between former industry clusters.

Information technologies, banking and finance as well as retailing have
been the forerunners in digital convergence. They have managed to put
together internet, wireless communication and all kinds of wireless ser-
vices from music, movies, and cameras to social media (see [3]). The same
concept, internet + retailing (Amazon, Alibaba, and eBay), inter-
net + hoteling (AirBnB), internet + taxi (Uber) seems to be working also
in other services. They all are also good examples of how modern plat-
forms and digital ecosystems utilize positive network externalities and how
the “winner takes it all logic” works.

The manufacturing industry has been much slower at exploiting the
huge opportunities of digitalization and wireless communication but it is
clear that we will quite soon see also there the rise of digital information
based manufacturing ecosystems i.e. the rise of Internet 4.0. However, it
is not at all clear who will be the winners and losers within these new eco-
systems. The sad histories of Kodak and Polaroid tell the story of how an
industry leader can rapidly lose its position when facing the challenge of
digitalization, if the management is myopic and unable to respond the
new challenges [3, 5, 6]. It may happen that the new leaders will come
from outside. For instance, some recent endeavors of Google clearly show
that they are eager to take steps to this direction.

Even if we will not go deeper into social issues of Industry 4.0 in this
section, it is worth noting one important implication of Industry
4.0. Transformation. The extensive adoption of advanced manufacturing
methods will necessarily result in large re-allocations of global labor force
working nowadays in manufacturing companies. First, extensive robotics,
great flexibility and remote wireless control of digitally designed prod-
ucts/services mean that the role of unskilled labor will be diminishing at
the same time, as the role of skilled labor and high-tech experts will be
increased. Second, we will also see large geographical relocations, since the
importance of labor costs, i.e. wage differentials between countries will
not be so important determinants of the location decision as they used to
be. For instance, if in an emerging country, let’s say India, the labor cost
is 50% lower than the labor cost of Germany and the share of labor cost is
40% of the value of the product, then the cost advantage of manufacturing
the product in India is 20%. This cost advantage most likely covers all the
extra re-location costs (transaction costs included) and results in
outsourcing manufacturing activities to India. However, if the launching
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of robots etc. reduces the share of manufacturing labor costs from 40% to
10%, then the cost advantage is only 5% that hardly covers all extra cost of
outsourcing. In this situation, there are no incentives anymore to outsource
and we will likely see global supply networks becoming more regional
again, more about this, see [7]. This again means that it is most likely that
outsourcing is not playing a great role during the era of Industry 4.0.
Much more important is the location of high-tech science-based
knowledge. This will make advanced manufacturing companies foot-loose
and the so-called high wage rate countries will be winners.

Because of the new phenomena and mechanisms that digital conver-
gence creates for the manufacturing firms, it is of great importance to try
to understand how they could sustain their CA also in the digital era. In
order to give answers to this fundamental question, we will look at the
tools that modern strategic management can offer to successfully over-
come the transformation challenge. The main challenge that the compa-
nies are facing is the challenge of organizational renewal under the
circumstances of radical uncertainty. After carefully analyzing the pros and
cons of different approaches, we will conclude that the dynamic capability
view (DCV) launched by Teece and others [8] is the most suitable
approach to analyze the challenge. When dealing with the Industry 4.0
Transformation from the managerial and organizational perspective one
can conclude that it is mainly about how to create dynamic capabilities
that are able to change path-dependent operational manufacturing capa-
bilities and resource bases in a way that enables a company to sustain its
CA[8-11].

This article is organized as follows. First, we will briefly analyze the dif-
ferent approaches of strategic management and look at their general man-
agerial implications. Then we will focus on DCV. Especially its micro
foundations will be stressed. In addition, the importance of the
Schumpeterian [12] entrepreneurial attitude, i.e., the ability to create
“new combinations” as an important precondition to overcome transfor-
mation challenges will be discussed. The next section goes further and
deeper and utilizes the Teecean sensing-seizing-reconfiguring framework
in the context of the digital ecosystems. The main question here is how to
profit from innovation in networked ecosystems faced by the firms of the
Industry 4.0. We will look at the ways how the firms can create and cap-
ture value in these conditions where new kinds of dynamic capabilities and
new business models are needed. Finally, some important managerial
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implications and conclusions concerning the ways to overcome the
transformation challenge of Industry 4.0. will be offered.

2

ON DIFFERENT STRATEGIC MANAGEMENT APPROACHES
WHEN FACING THE INDUSTRY 4.0.
TRANSFORMATION CHALLENGE

All the economics-based strategic management approaches attempt to
answer the fundamental question of how to achieve and sustain CA i.c.
why some firms are able to outperform others. Basically, there are three
explanations for sustainable extra profits (or rents):

(a)

Monopoly-based rents are based on product or service market imper-
fections and the main strategic message is to position a firm so that
it maximizes its monopoly (bargaining) power at the same time as
it minimizes the monopoly efforts of rival companies. Porter [13,
14] brought these ideas into strategy resecarch by means of his
famous “five forces model”.

Scarcity-based rents in turn are based on factor or resource market
imperfections (instead of Porterian product market imperfections).
Following the old ideas of David Ricardo [15], the resource-based
view (RBV) posed this issue in the mid 1980s in strategy research
[16-18]. Barney [19] summarized the basic managerial message as
follows: try to base your competitive advantage on the resources
with V(valuable), R(rare), I(inimitable), and N(non-substitutable)
attributes. In other words, a firm is able to sustain CA, if it employs
resources that create value (meaning that someone is willing to pay
for their services) and are scarce and hard to imitate and substitute.
Entreprenenrvial vents are based on the firm’s ability to find
Schumpeterian [12] new combinations i.c. to utilize its resource
and knowledge bases in a new way that create new earning oppor-
tunities. The dynamic capability view (DCV) introduced by Teece
and others [8] opened up this evolutionarily inspired way of think-
ing in modern strategy research. The most important difference
when compared to the Porterian or resource-based view is the
dynamic nature of this approach.
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Next, we will briefly discuss the pros and cons of three different CA expla-
nations in the context of Industry 4.0. Transformation.

(a) The Porterian five forces model is based on the microeconomics-
based monopoly model and tries to maximize the bargaining power
of the firm. Porter [13, 14] introduces three strategies to obtain
CA: (1) cost advantage strategy based on economies of scale and
scope, (2) differentiation strategy based on the ability to create
brands with inelastic demand, and finally (3) niche-based strategies
suitable mainly for small and middle-sized enterprises. When ana-
lyzing these strategies in the context of the Industry 4.0.
Transformation we are tempted to argue that traditional produc-
tion-related economies of scale are not of great importance any
more, since they are more suitable for the industry model where
decreasing average total costs could be achieved by large conglom-
erates. However, also Industry 4.0. offers economies of scale-based
advantages mainly for two reasons that in fact explain the rise of
platform-based ecosystems during the last 10-15 years. First, digi-
tal products/services are often characterized by high first copy cost
and then rapidly decreasing marginal costs often approaching zero.
This combination creates strictly decreasing average costs and, con-
sequently, a decreasing supply curve. Second, digital goods are also
characterized by strong demand-related positive network externali-
ties resulting in the increasing demand curve (up to a certain
point). Together these two elements often lead to the “winning
takes it all” equilibrium where one company or few oligopolies
dominate global markets (think about Google, Facebook, Amazon,
Alibaba, Airbnb, etc.). Hence, the main lesson for the companies
facing the Industry 4.0. Transformation is to try to simultaneously
utilize both the decreasing average costs and (up to a certain point)
increasing demand curve.

In addition, the economies of scope are of importance in the era
of Industry 4.0, too. If a company is very good at doing something
special because of its strong core capabilities, they should try to
find other industries (or in fact platforms/ecosystems) in which
they can apply them as well. Flexibility, digitalization and globaliza-
tion of the new industrial world create many new opportunities to
exploit this potential. Differentiation strategy can also be utilized
during the Industry 4.0. era, since the digitalization/mass
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customization/servitization all create more opportunities to be
global instead of being regional as it used to be in the older manu-
facturing model. The same holds true for the niche-creation strat-
egy. There are opportunities for agile “born globals” as well.

(b) Next, we will have a look at the interpretations offered by the
RBYV. As mentioned, it is based on the land rent ideas of Ricardo
from the year 1817. Instead of focusing on product market imper-
fections RBV focuses on factor market imperfections. If a company
manages to have resources with VRIN (valuable, rare, inimitable,
non-substitutable) attributes, it is able to have at least temporary
CA [19]. The stronger the so-called isolation mechanisms based,
for instance, on causal ambiguity or tacit knowledge [16] are, the
better the companyisable to establish sustainable CA. Unfortunately,
it seems that during the era of Industry 4.0., the opportunities to
base CA solely on tangible VRIN resources seem to be very lim-
ited. However, the opportunities to utilize knowledge-based intan-
gible assets as elements of CA are much higher. This advantage
often utilizes strong and effective software algorithms in order to
create totally new customer-tailored services with strong positive
network externalities discussed before. In our view, the main mes-
sage in the context of the Industry 4.0. Transformation has to be
reanalyzed and rewritten but, clearly, the intangible resources with
VRIN attributes still remain as important sources for CA.

(c¢) Finally, entrepreneurial Schumpeterian rents that can be obtained
and sustained by means of dynamic capabilities to renew, rethink,
create and destroy existing resource and knowledge bases to better
respond to the challenges of rapid environmental changes are of
great importance when trying to face the challenges of the Industry
4.0. Transformation.

After this introduction to the basic ideas of modern strategic management
that show that they all are relevant when trying to utilize strategic options
created by the Industry 4.0. Transformation, we will now go further by
concentrating mainly on dynamic capabilities as main sources of entrepre-
neurial Schumpeterian rents. Nevertheless, we have to keep in mind that
the strategic elements revealed by the Porterian and RBV have to also be
taken into account.
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3 Dynamic CAPABILITIES: WHAT ARE THEY ALL ABOUT

When analyzing the importance of DCV it is advisable to start with a
broader picture that sheds light on its evolutionary roots. In their influen-
tial book, “Evolutionary Theory of Economic Growth” Nelson and
Winter [20] launched the idea about the firms that consist of routines and
more collective bundles of routines, called capabilities. They are stable
learned patters that enable a company to be successful. Because of bounded
rationality [21] and often even radical uncertainty, the firms are not nor-
mally able to optimize. Instead, they try to find satisficing solutions (based
on earlier success) that can be improved by continuous learning.

There are different kinds of routines and capabilities. The simplest
ones, the so-called first-order capabilities, are generated for pure replica-
tion of the existing system [20, 22]. If the environment remains stationary
more than lower-order capabilities are not needed. Of course, however,
normally the firms are living in continuously changing environments,
which means that replication is not enough to be profitable. The firms
have to generate also higher-order capabilities that are able to renew and
change existing resource and knowledge bases. These higher-order capa-
bilities are called dynamic capabilities. In fact, we would like to categorize
capabilities as a continuum in which they range from pure replicating
capabilities via semi-dynamic capabilities (“best practices”) to genuine or
radical dynamic capabilities that are able to generate new innovative ways
to organize business activities.

In order to offer an even broader evolutionary picture we will briefly
utilize the cultural evolutionary framework introduced by Campbell [23].
He distinguishes three evolutionary mechanisms that control cultural evo-
lutionary processes, to which also business evolution belongs. The three
basic mechanisms are: variation, retention and selection. In the business
ecosystem, the role of variation is based on the firms’ ability to generate
something new or, as Schumpeter [12] put it, to create “new combina-
tions” or innovations. Here the role of entrepreneurial attitude is of great
importance. The second mechanism is 7etention or replication, which cre-
ates stability within the firm. Retention is typically realized by lower-order
capabilities based on cumulative learning and repetitive actions following
the idea of Simonian [21] “satisficing”. In a way, one can think that reten-
tion is based on organizational culture. The third mechanism, selection,
takes place through competition so that the fittest capabilities within the
company and, finally, the fittest products/services, i.e., the ones that
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customers are willing to pay for are selected through market forces. This is
the basic idea of Schumpeterian creative destruction.

In a similar way as in biological evolution in which variation is realized
through mutations and retention through inheritance, it is very important
that variation and retention are balanced also in the business context. To
give an example, if there are too many radical innovations within a com-
pany it is most likely that an organization cannot survive because the exist-
ing organizational culture cannot cope with too many radical changes. In
the biological sphere, the clear analogy is cancer as a result of two radical
mutations. Interestingly, modern strategic management literature deals
with this balancing problem by means of the concept of ambidexterity.
Based on the ideas of March [24] who analyzed the roles of exploitation
(based on existing capabilities, i.e., on lower-order capabilities) and explo-
ration (based on new, not-yet-existing capabilities, i.e., on dynamic capa-
bilities), the ambidexterity literature (sce [25]) also deals with balancing
these two mechanisms in a way that creates success. The more rapidly the
business environment is changing the harder it is for management to bal-
ance these two tendencies, variation and retention/replication. If you
invest too much in exploitation at the expense of exploration, you are not
able to adjust to drastic changes in the business environment and, vice
versa, if you invest too much in exploration your organization is perhaps
not able to follow rapid changes due to path-dependent rigidities /organi-
zational inertia. Clearly, also the firms in manufacturing are now facing the
ambidexterity problem.

After a short evolutionary journey, we will now go deeper to look at the
nature of dynamic capabilities. Dynamic capabilities were defined as fol-
lows by Teece and others [8] “a dynamic capability is the firm’s ability to
integrate, build, and reconfigure internal and external competences to
address rapidly changing environments”.

Another well-known definition is given by Eisenhardt and Martin [26]
who stress more the “best practice” nature of dynamic capabilities thus in
a way describing what we earlier called as semi-dynamic capabilities. They
define dynamic capabilities as “the firm’s processes that use resources—
specifically the processes to integrate, reconfigure, gain and release
resources—to match and even create market change. Dynamic capabilities
thus are the organizational and strategic routines by which firms achieve
new resource configurations as markets emerge, collide, split, evolve, and
die”. Perhaps the most exact definition is the one of Helfat and others
[27], “A dynamic capability is the capacity of an organization to
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purposefully create, extend, or modify its resource base”. In our view, this
definition most clearly emphasizes Schumpeterian entrepreneurial think-
ing in which “new combinations” i.e. innovations are the engines of stra-
tegic (see [28, 29]).

Teece [9] went further in order to reveal the micro foundations of
dynamic capabilities. According to Teece [9-11] , dynamic capabilities
consist of three separate capacities i.e. sensing, seizing, and reconfiguring
(transformation). To generate real changes based on dynamic capabilities
the firms have to be able to, first, sense even weak signals that appear as
strategic options. Second, they have to be able to invest i.e. to exercise the
most promising strategic options. Often this also means that the firms
have to disinvest in some older capabilities that are not regarded as profit-
able any more. Third, the managers have to be able to reconfigure or
transform their existent path-dependent resource and knowledge bases
and processes in a way that makes it possible to realize strategic
options sensed.

Again, it may happen that different capacities of dynamic capabilities
are not balanced. For instance, some firms may be very effective in sensing
new strategic options by means of entrepreneurial alertness and/or effi-
cient technology scanning systems but at the same time, the managers can
be quite too slow to make investment decisions thus destroying the exist-
ing opportunities. Perhaps the most problematic part is the third one i.e.
how to effectively reconfigure (transform) your existing resource and
knowledge bases. It is not enough to do the things right by means of
operational and semi-dynamic capabilities but the managers have to do the
right things through dynamic capabilities as well. Here we see the ambi-
dexterity tradeoff problem in action. As mentioned, it is of great impor-
tance for a company to have a stable organizational culture that is based
on continuous learning and exploitation of existing routines and capabili-
ties. On the other hand, transformation necessarily means also explorative
actions that destroy at least partly existing path dependent capabilities.
This necessarily creates tensions on different organizational levels. There
is always a tradeoff between competence-enhancing exploitation and com-
petence-destroying exploration [25].
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4  DynamIiC CAPABILITIES IN DIGITAL PLATFORM-BASED
EcosysTEmMs: How TO CREATE AND CAPTURE VALUE

In the previous section, we introduced the evolutionarily inspired view of
the way how firms behave and how they can achieve and sustain their CA
by means of lower- and higher-level capabilities. However, during the last
ten years the things have become even more complicated because of rapid
globalization, keener rivalry, product and service mass customization,
need of increased flexibility, modularization, digitalization and related
positive network externalities. These “digital convergence” [3] related
phenomena have dramatically changed the way how the firms nowadays
compete with each other and especially how they get connected with each
other through the so-called multi-sided platforms (MSP) [30]. The reason
of the rapid rise of MSP’s relates to positive network externalities resulting
in increasing demand curves together with often dramatically decreasing
average total costs due to large “first copy cost”. The first mover’s advan-
tage or “winner takes it all” are the dominating principles of the MPS’s.
The firms that rapidly achieve the so-called critical mass are also able to
establish and dominate their own platforms and thus indirectly create their
own ecosystem. Because of network externalities and increased flexibility
(mainly due to digitalization), the companies are able to leave their tradi-
tional industry clusters and to create quite new interfaces and ecosystems.

There are many definitions for platforms and ecosystems. We will use
the ones applied in modern strategic management literature. Teece [3]
defines the platforms and ecosystems as follows, “A platform is any com-
bination of hardware and software that provides standards, interfaces, and
rules that enable and allow providers of complementors to add value and
interact with each other and/or users. Collectively, the platform
innovator(s) and the complementors constitute an ecosystem, the viability
of which depends on continued innovation and maintenance of the plat-
form by its owner(s) and a delicate balance of cooperation and competi-
tion among the providers of complements”. Helfat and Raubitschek [30]
stress that “digital MSP ecosystems are characterized by crosside (or indi-
rect) network effects, in which the value to a party on one side of the
platform depends on the number and quality of the parties on the other
side(s) of the platform. Cross-side network effects are often positive”.
Complementary assets play an important role in each MSP’s and they are
essential when a firm tries to build its business model in order to profit
from its innovation. A succinct definition of the concept ecosystem is
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offered by Adner [31]. He regards it as “an alignment structure of the
multilateral set of partners that need to interact in order for a focal value
proposition to materialize”. Alignment structures may be variable and the
structure is often non-hierarchical consisting of complementarities that are
co-specific and multi-sided. It is worth noting that partners in an ecosys-
tem can simultaneously be also rivals.

Because of rapid digitalization, platforms and related ecosystems are
becoming pervasive and therefore a provider of a complementary asset(s)
has to be able to become a part of a wider platform. Even if the platforms
often are multi-sided, it is typical that there is a technologically leading
company that sets the agenda and controls the evolution of the platform.
As Teece [32] states, an ecosystem is anchored by a platform or many rival
platforms that are connected through common standards (often protected
by patents, copyrights, trade secrets, etc.) and interfaces.

It is interesting to note that the idea of an ecosystems fits very well to
the evolutionary theory of the firm launched in the former section. The
basic idea is based on biological co-evolution, a process through which
species become developed in a continuous evolutionary cycles following
the variation, selection, and retention mechanisms. Moore [33] first
adopted this idea in business literature in a Harvard Business Review arti-
cle. Of course, Nelson and Winter [20] utilized the same idea in their
evolutionary models, even if they did not use the concept of an ecosystem.
As Teece [32] highlights, co-creation and co-evolution through competi-
tion (selection) are typical also for business ecosystems in which the inno-
vator has to make transaction cost based decisions (see also [34]) about
the elements of the value creating platform. The main question is which
innovative ideas are to be internalized and which ones to be externalized
for other providers of complementary assets.

Focusing on the importance of complementarities Jacobides and others
[35] state succinctly “An ecosystem is a sct of actors with varying degrees
of multilateral, non-generic complementarities that are not fully hierarchi-
cally controlled”. Especially they stress that the relevant complementaries
can be co-specialized and unique (i.e. the items A and B cannot be pro-
duced alone without coordination that puts them together) and /or super-
modular (i.e. the more an item A is produced the cheaper or better in
quality are also the items B and C). Uniqueness and supermodularity
mean that interdependencies are standardized, which in turn presupposes
specific routines and capabilities that are needed in designing ecosystems.
Helfat and Raubitschek [30] call them integrative capabilities and
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especially the ability to create them is of great importance when trying to
profit from platforms and ecosystems.

In his influential Research Policy article, Teece [36] launched the idea
of the profiting from innovation framework in order to analyze how a firm
could profit from its innovation. Of course, the situation in the 1980s was
not that complex as it is nowadays. Teece focused on one product
innovation-one company-one industry-model and showed that the most
important factors when trying to capture the fruits of innovation were (1)
the nature of the appropriability regime (based either on tacit knowledge
or on legal means, such as patents, copyrights, trademarks, and trade
secrets), (2) the role of co-specialized complementary assets, (3) the
nature of innovation (autonomous or systemic), and (4) timing.
Appropriability regimes are strong when knowledge assets are based on
tacit knowledge and, in addition, protected by legal means. Even in the
1980s, it was clear that legal means were strong only in some industries,
such as pharmaceutical or chemical ones. Hence, even then the comple-
mentarities and the nature of innovation played a crucial role. Interestingly,
Teece [36] in a way came to the same conclusion as the RBV at the same
time. If a firm manages to have strongly protected assets that preferably
are also bottlenecks in a supply chain, it is most likely able to profit from
innovation as well.

In his follow-up article, Teece [3] updated his profiting from innova-
tion framework for the digital era emphasizing the role of network exter-
nalities and digital convergence and launching the idea of an ecosystem in
which the role of complementarities and multi-inventions are crucial.
Teece [3] started now from platforms and ecosystems stressing the funda-
mental roles of complementarities and positive externalities-based interde-
pendencies that, of course, weakened the role of the traditional
appropriability regime based on legal means.

Teece [3] showed that it is hard to protect general-purpose technolo-
gies as well as so-called enabling technologies, such as photonics, advanced
materials, nanotechnologies, artificial intelligence, machine learning and
robotics. This means that there are too little incentives to produce new
knowledge in these fields without public funding or without successfully
participating in value creating ecosystems. The key factors were the comple-
mentarities together with a strong appropriability regime. It is not any more
enough that a company is able to innovate in enabling technologies and to
protect it strongly by means of tacit knowledge or legal means (cf. [37]).
It has to be able to connect it to an existing or emerging digital ecosystem
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and, most importantly, it has to be able to generate a bottleneck asset that
is unique and preferably super-modular. As Teece states [3], however,
“these bottleneck assets are not easy to identify and they may shift over
time” when an ecosystem evolves. A similar situation can be found from
many manufacturing platforms, such like the automobiles or aircraft in
which modularization and standards have made it hard to profit from
autonomous innovation because of keen competition between the provid-
ers of complementarities. In fact, in the digital era competition takes place
at three levels, first, between the providers of complementary assets within
a platform, second, between different platforms within an ecosystem, and
third, between rival ecosystems (see also [3]). In addition, all the ecosys-
tems are continuously evolving at the same time when the interfaces are
getting more blurred. Interestingly, a company can also be a part of differ-
ent (even rival) platforms and ecosystems.

As Teece [3] concludes the fate of a company within an ecosystem and
the fate of the whole ecosystem now drastically depends on (1) the ability
to continuously generate relevant complementarities and especially on (2)
the cognitive entrepreneurial capabilities [38] of the ecosystem’s leaders
to orchestrate, coordinate and strategize the ecosystem. In order to profit
from the platforms the firms have to be able to produce bottleneck com-
plementarities that create value for the platform and are somehow pro-
tected through tacit knowledge and timing.

This brings us to the issue of dynamic capabilities. Building up com-
petitive platforms or bottleneck complementarities and designing business
models in rapidly evolving digital ecosystems is not possible without
strong dynamic capabilities. The managers of platform leading companies
have to be able to sense new opportunities also outside the platforms, to
seize the new opportunities rapidly if needed, and to reconfigure knowl-
edge and resource bases not only within the own company but also within
the whole platform or even ecosystem by changing its constituting ele-
ments and complements providers. In a similar way, the managers of com-
plementary assets providers have to be able to sense, seize and reconfigure
to be able to create critical bottleneck assets.

Helfat and Raubitschek [30] develop these ideas further by analyzing
the dynamic capabilities that are necessary for profiting from innovation in
digital multi-sided platform-based ecosystems. As they state, the platforms
do not automatically generate positive multi-sided externalities but they
have to be created through a deliberate design. This is mainly on the
responsibility of the leader of the platform. They have to be able to
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orchestrate and coordinate the ecosystem consisting of many at least partly
competing complementary asset providers. In addition, they have to con-
tinuously develop the “core product/service” of the platform and find the
most effective complementary assets providers who are willing to join the
ecosystem. This in turn presupposes the ability to balance the different
needs of complementors so that they have enough incentives to be innova-
tive. On the other hand, the leading company/companies have to be able
to take their own stake. According to Helfat and Raubitschek [30] espe-
cially three types of dynamic capabilities are of vital importance for the
leaders when trying to cope with multi-sided platform-based ecosystems:

1. Innovative capabilities. Leaders have to be able to develop the core
product (product sequencing) but, in addition, they have to be able
to integrate new complementors and their knowledge assets in an
efficient way.

2. Scanning/sensing capabilities. Of course, the leaders have to sense
new opportunities related to the core product(s)/ (service(s) of the
ecosystem and to take into account the threats arising from the
competitive environment. In addition, they have to be able to scan
potential innovation sources that can be created through existing or
new potential complementors. On the other hand, the complemen-
tary assets providers have to scan and sense new opportunities to
make their assets as bottlenecks within the platform.

3. Integrative capabilities relate mainly to designing suitable business
models. There are decisions about internalizing knowledge assets
between the leader and complementors or between rival comple-
mentors i.e. they have to take into account the nature of governance
structure based on transaction cost considerations (see [30, 34]).
They also have to make decisions on the pricing structures for prod-
ucts/services provided within the ecosystem and between different
customers. Integrative capabilities also support interactions and
relationships between the members of an ecosystem as well as
between ecosystem members and external parties. The more com-
plex and knowledge-intensive interfaces there are and the more rap-
idly the ecosystem is evolving the more complicated is the task of
orchestration. Finally, integrative capabilities are also partly respon-
sible for how effective and innovative the sensing/scanning capa-
bilities are.
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Helfat and Raubitschek [39] launched already earlier the idea of integra-
tive knowledge that is the basis of integrative capabilities as follows:
“knowledge that integrates, or knowledge of how to integrate, different
activities, capabilities, and products within a vertical chain or across verti-
cal chains.”

From the perspective of other members of an ecosystem, the role of
innovative and scanning/sensing capabilities are quite similar and, of
course, they need integrative capabilities, even if they do not have to take
responsibility for the general governance structure of the whole ecosys-
tem. Much more important for them is to focus on creating such a com-
bination of especially innovative and integrative capabilities that enable
them to profit from the bottleneck properties of their complementary
assets. The better protected, supermodular, and co-specialized their com-
plementary assets are the stronger their bargaining power within the eco-
system is.

5 Di1scussIONS AND MANAGERIAL IMPLICATIONS

This article deals with obtaining and sustaining CA in manufacturing firms
during the era of digital ecosystems. “Digital convergence” is drastically
changing the way how the firms can profit from innovation as the exam-
ples from information technology, finance, banking, and retailing clearly
manifest. In addition, the rules of the game are dramatically changing. In
the future, it will not be any more possible to do everything all alone from
the basic innovation to custom-tailored products and services. In the
future, also the manufacturing firms have to be able to work together
within digital ecosystems that often take the form of multi-sided plat-
forms. On the one hand, these digital ecosystems are often based on posi-
tive externalities that make the systems evolve rapidly. This results in high
uncertainty and the need for proactive behavior. On the other hand, these
platforms and ecosystems are based on standards and very often strict
modularization that does not leave very much room for individual actions.
This intensifies competition between rival providers of complementary
assets and makes the extra profits generated by traditional VRIN resources
or autonomous innovations often temporary.

In this article, we have analyzed the nature of digital platforms and
ecosystems and the way they function. In addition, we have launched the
tools that economics-based strategic management literature can offer in
order to achieve and sustain CA and scrutinized how effective they could
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be under the circumstances of digital convergence. Based on this analysis,
we will now summarize our main results in the context of Industry
4.0. Transformation. It can be interpreted as a checklist that managers have
to take into account when trying to profit from innovation in the dig-
ital era.

e The Porterian message: You have to maximize your bargaining power
in relation to rivals. This can be based on the economies of scale and
scope, differentiation or niche creating strategies. During the digital
era most economies of scale are based on demand-related, scalable
network externalities. If a company is able to exploit them it may also
generate its own platform or even an ecosystem and be the leading
partner within it. To be able to do this a firm needs innovative, scan-
ning/sensing and especially integrative capabilities. It also has to be
able to continuously evolve its platform and make transaction cost
based internalization /externalization decisions. However, if a com-
pany is not able to generate scalable network externalities it may
perhaps try to use differentiation or niche strategies but preferably as
a born global trying to get internationalized as soon as possible by
using the tools of Internet 4.0. Transformation. Unfortunately, local
advantages based on differentiation or niches cannot be sustainable,
even if a temporary CA can perhaps be achieved. This is due to keen
competition within the platform and ecosystem.

* Resource-based message: In order to profit from VRIN resources a
firm has to be able to find resources that create new value and are
hard to imitate. In the manufacturing sector, the autonomous inno-
vations are, however, hard to protect and hence the extra profits
(rents) are normally only temporary. But again, if a company has
dynamic capabilities (especially innovative, sensing and integrative) it
can perhaps generate complementary bottleneck assets that are nec-
essary and supermodular in nature. If a company is lucky, it can really
profit from its autonomous innovations, even if there typically exists
keen competition between rival providers of complementary assets.

o Capability-based message: First, the managers of manufacturing com-
panies have to understand the evolutionary nature of their company
and its role in platforms/ecosystems. It is not any more possible to
try to survive all alone. It is necessary to function as a partner in net-
works and to utilize all the different capabilities from operational via
semi-dynamic (best practices) to genuinely dynamic capabilities.
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Most important are the ones that support innovation, scanning of
new strategic options, and integration thus enabling to become a
partner in platforms/ecosystems.

e The managers should also understand the message of the ambidex-

terity tradeoft. They have to be able to develop both their opera-
tional capability-based exploitation and dynamic capability-based
exploration in a balanced way.

e Nevertheless, the more turbulent and rapidly changing the business

1.

environment is, the more the firms have to invest in dynamic capa-
bilities. Here the basic logic of the profiting from innovation frame-
work ([ 3, 36, 37]) still holds. In order to gain a CA position a firm
has to be able to create (1) bottleneck complementary assets that are
(2) protected either by legal means (nowadays not so important any
more) or (3) tacit knowledge embedded into the organizational cul-
ture and /or (4) to utilize timing advantage. Bottleneck complemen-
tary assets are in the future more and more knowledge-based
consisting of operational manufacturing capabilities, integrative and
innovative dynamic capabilities as well as science-based knowledge
assets. At the same time when regional wage rate cost advantages will
lose their importance due to robots, additive manufacturing, etc. the
companies become much more flexible and foot-loose. Our guess is
that in the future, it is much more important to have close connec-
tions to the universities and research centers than try to minimize
labor cost differentials. This science-based co-operation presupposes
strong integrative dynamic capabilities.
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