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Abstract

Traditional companies from capital-intensive industries are facing hard challenges in times of
digitalization. Far-reaching technological changes have the potential to weaken long-time
successful operational capabilities of the companies and make them obsolete. Based on
theoretical explanations this paper examines the possibilities for accelerating digitalization and
its impacts on the creation and transfer of operational capabilities using the example of

traditional companies.

Therefore, in the first study, the digital status quo of 160 German industry companies was
measured in a digital maturity assessment based on a theoretically derived maturity model. The
average level of digital maturity is 3.92 out of 7 and shows a need for improvement. Further
results make it clear that many companies (44%) have not yet experienced any increase in
profitability as a result of digitalization. A cluster analysis was therefore used to identify six
archetypes of companies with varying degrees of digitalization. Possible opportunities for

acceleration were identified by comparing the levels within the maturity model dimensions.

Another quantitative study was conducted to compare the economic effects of digitalization and
the requirements for the creation of operational capabilities in a structural equation model. The
quantitative survey of 200 German industrial companies showed that increased adaptation to
the environmental dynamics and intensive interaction in value-creation networks and
ecosystems have a positive effect on the advantageousness of the capabilities created in times
of digitalization. In contrast, the effects of higher imitability and tradeability of the capabilities

do not have a significant impact.

By drawing on a third study based on qualitative content analysis, the impacts of digitalization
on the trade-off between transfer and protection against disclosure of operational capabilities
were investigated. Therefore, the single case study methodology was applied to a German
manufacturing company. From the literature, the balancing parameters of decentralization of
decision-making and information richness of communication mechanisms were identified as
optimization parameters for the trade-off. By analyzing the interviews and further data sub-
parameters were generated that are set differently in the case study company depending on the
transfer technologies used. This optimization is needed to mitigate the trade-off between the

transfer and protection of capabilities.

The present thesis thus makes a theoretical and practical contribution to improving digital
maturity and maintaining the competence-based competitive advantages of capital-intensive

industries in times of digitalization.
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Chapter A: Introduction

1. Motivation

Throughout economic history, numerous companies were facing a sudden loss of power
regarding their decades-long and highly successful businesses (Rahmati et al., 2021; Riemer
and Johnston, 2019). For example, in the case of Kodak the analog films for cameras lost
demand during the rapid market ramp-up of digital photography (Vecchiato, 2017). The loss of
performance of these companies reflects permanently competitive pressure, which is intensified
due to disruptive technological changes (Adner and Liebermann, 2021; Alves et al., 2021), such
as digitalization (Cozzolino and Rothaermel, 2018). The digitalization is not only seen as the
enabler of new upcoming technology companies such as Google and Tesla (Barwise and
Watkins, 2018; Thomas and Maine, 2019). It is also perceived as the greatest challenge for
established companies in the near future (Bjorkdahl, 2020), and has become increasingly
important within the last 10 years (see Fig. A-1).

Google Trends for "Digitalization"
100
90
80
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40
30
20
10

5 23 8
A< ZA <2
Fig. A-1: Search queries for “digitalization” at Google Trends over the last ten years (search volume

on a relative scale from 0 to 100 with a maximum in March 2022; source: Google Trends,
2022)
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Since the 1990s the internet is considered the central technology behind digitalization and thus
builds the basis of this latest, that is, the fourth industrial revolution (Schwab, 2017; Deeken
and Fuchs, 2018, p. 9). From that time on, billions of devices around the world could
communicate with the internet (Ozcan, 2014). As a result, users started to exchange and
generate media content collaboratively or individually on networks (Fuchs, 2021), and in the
industry, the networking of objects, products, and machines emerged (Li et al., 2018), which
facilitated the creation and analysis of large data volumes (Commuzzi and Patel, 2016).
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However, from an economic perspective, digitalization is more than just an evolution of
information technology (Brennen and Kreis, 2016). It can be explained by an increase in the
environmental dynamics (Kane et al., 2016; Knobbe and Proff, 2020), which is shifting to an
unstable status (Troise et al., 2022). Furthermore, digitalization is providing the technical
standardization of interfaces between value creation activities in the traditional value chain (see
Porter, 1985) for better internal and external coordination at lower transaction costs (Gulot et
al., 2020; Hagiu and Wright, 2015; Williamson, 1975). Hence, e.g., flexible production lines
quickly generate new product variants in response to changing customer demands (Lu et al.,
2020). Digitalization can also be explained by a stronger interaction via digital platforms
(Kapoor et al., 2021) that enable multiple partners to communicate more intensively, for
instance, if suppliers and customers join forces in a digital production network (Yang et al.,
2021) or if the companies co-create value with even better interaction and alignment in so-
called ecosystems (Jacobides et al., 2018). In consequence, digitalization requires wide-ranging
transformations from the companies being affected (Legner et al., 2017) because it not only
triggers improvements in processes, such as networking of production systems in the matter of
Industry 4.0 (Machado et al., 2020). It also bears the potential to fundamentally shift existing
services and products, and business models (Appio et al., 2021; Proff, 2019), or even to make
them obsolete, such as in the book, music, and film industries (Waldfogel, 2017).

The economic effects of digitalization are challenging especially the traditional industry
companies. In the context of this work, this refers to the capital-intensive businesses of, e.g.,
industrial goods and services, automotive, or pharma and chemicals (e.g., Agostini and Nosella,
2020), because these companies have long time relied on the competitive advantages they have

built up and maintained many years ago (Rahmati et al., 2021).

From the perspective of strategic management research, and according to the resource- and
competence-based view, competitive advantages can be explained by the property and use of
operational capabilities (Barney, 1991; Freiling and Fichtner, 2010; Lioukas et al., 2015). These
operational capabilities can be understood more broadly as “repeatable patterns of action in
using assets to create, produce, and offer products to the market” (Wade and Hulland, 2004, p.
109). More concretely, they can be found in “the routine activities, administration, and basic
governance that allow any organization to pursue a given production program, or defined set of
activities, more or less efficiently” (Teece, 2018, p. 1). Operational capabilities can create
strong competitive advantages if they are based on valuable, rare, inimitable, and non-
substitutable resources (“VRIN”-resources, Barney, 1991), such as knowledge (Papa et al.,

2018), and if they emerge from organizational learning (Lin and Sanders, 2017; Mehrizi et al.,
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2022). In this case, they create value on the market (Wu and Li, 2018), are difficult to copy
from outsiders, and keep pace with current technological developments (Singh et al., 2019).
Google, for example, has outstanding operational capabilities in the development of algorithms
that can collect and analyze data from users for target group marketing services (Vise, 2018).
In comparison, Tesla owns advantageous operational capabilities regarding the development of
autonomous cars (Dikmen and Burns, 2017). However, the competitive advantage of
operational capabilities does not only concern their local use at the place of creation. According
to the economies of scope (Helfat and Eisenhardt, 2004; Teece, 1980), multinational companies
(MNCs) can transfer operational capabilities between different units of their organization.
These transfers between, e.g., headquarters and subsidiaries or peer subsidiaries (Di Stefano
and Micheli, 2022; Stadler et al., 2022) easily allow the company to tap into globally dispersed
new markets with existing solutions (Gaur et al., 2019). More than this, operational capabilities
can be an input factor for additional products (Audretsch and Link, 2019; Buchanan, 1965).
That is, the recombination of capabilities creates completely new ideas or solutions (Argote et

al., 2022), and facilitates the development of new products (Sanchez, 1996).

Since much uncertainty stems from the latest technical developments, especially traditional
industrial companies do not know their status quo of digitalization or ways of acceleration
(Hebbert, 2017), suffer from ambiguities about the creation of operational capabilities (Li et al.,
2017; Tan et al., 2015), and often disclose strategically important knowledge to externals in
their intra-firm transfers (Di Stefano and Micheli, 2022; Lenka et al. 2016; Nasiri et al. 2020;
Remane et al., 2017). These research gaps form the motivation for the present thesis and must
subsequently be differentiated and transferred into a research framework in the following

section.

2. Research Questions and Objectives

The changes in times of digitalization that were outlined in the previous chapter have far-
reaching impacts on traditional industry companies. In this context, a further investigation of
these impacts requires a research framework that can be divided into four main areas (see Fig.
A-2).
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Traditional Industry Companies

Status quo of
digitalization and
contribution to
profitability

Implications for

Impact of digitalization
on the creation of
operational capabilities

Implications for the

Impact of digitalization
on the transfer of
operational capabilities

Implications for the

protection and disclosure
of operational capabilities
transferred in times of
digitalization

the acceleration of
digitalization

advantageousness of
operational capabilities
created in times of
digitalization

Economic impacts of digitalization

[.-] Research topics

Fig. A-2: Research framework for this thesis (source: own compilation)

Recent literature shows that the management of traditional industries is not taking into account
the impacts and chances of digitalization adequately (Matarazzo et al., 2021). In particular, this
can be explained by remaining uncertainties regarding the effects of digitalization from an
economic perspective (Koch and Windsperger, 2017; Kuusisto, 2017). That is, the impacts of
digitalization such as improvements in the organizational structures and processes (Negoita et
al., 2021), lower costs in organizational processes (Benner and Waldfogel, 2020), or the
simplified and intensified exchange of information between internal and external stakeholders
(Addo, 2022; Karhade and Dong, 2021) have not yet been explained using a theoretical
explanatory approach. Therefore, at the beginning of this thesis the following research question

is inevitable, addressing research topic 1 in Fig. A-2.

RQ1: What are the impacts of digitalization from an

economic perspective?

Since their long-term businesses were profitable for decades (Rahmati et al., 2021; Riemer and
Johnston, 2019), and the companies’ willingness for renewal or improvement is low (Fitzgerald
et al., 2014), traditional industry companies are losing out to the competition from an overall
organizational perspective. The main reason for this is the lack of a holistic point of view of
digitalization, including the status quo of changes in the company (Hess et al., 2016), e.g., the
business activities and strategies. Managers often do not know how to digitally transform their
organization (Kumar et al., 2016), and are uncertain about the necessary processes, topics, and
approaches (@vrelid and Bygstad, 2019). Therefore, reviewing the digital status quo of the
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company can reveal the digital readiness and thus be the groundwork to exploit the chances of
digitalization to contribute to the company’s profitability (Ostmeier and Strobel, 2022).
Usually, in literature, existing studies are developed by practitioners and neglect neither to
provide a theoretical foundation for responses to the discontinuous changes nor to derive
adequate paths to accelerate digitalization (Teichert, 2019; Thordsen et al., 2020). For this
reason, a holistic assessment of the status quo of digitalization in traditional companies is
required, which also can identify necessary acceleration approaches (research topics 2a and 2b

in Fig. A-2). As a result, the following research questions emerge:

RQ2a: What are the status quo and profit impacts of digital maturity in
traditional industries?

RQ2b: What are the conceivable approaches to accelerate digital maturity?

These previous considerations should go beyond digitalization status assessments and take into
account the impacts of digitalization on the fundamental theoretical foundations of creating
advantageous operational capabilities (Koch and Windsperger, 2017; Zhao et al., 2022). These
comprise the fulfilment of VRIN characteristics and the adjustment to environmental dynamics
(Barney, 1991; Day and Schoemaker, 2016; Eller et al., 2020). Especially, the impacts of
digitalization might be contradictory: On the one hand, digitalization causes value-creating
resource positions, e.g., by lowering transaction costs of internal processes, or by
complementing the company’s resources in collaboration with suppliers or customers in a
network (Schreieck et al., 2021; Spulber, 2018). On the other hand, exposing the resources to
externals also risks making them transparent and thus easy to imitate (Sheng et al., 2013). As a
consequence, digitalization seems to have an impact on the requirements for advantageous
operational capabilities (VRIN characteristics and adjustment to environmental dynamics; Day
and Schoemaker, 2016; Eller et al., 2020; Giustiziero et al., 2021). Current literature puts a
focus on resources and capabilities that can be enablers for digitalization (Li et al., 2018;
Kettinger et al., 2021), or considers the co-creation of operational capabilities in networks and
ecosystems (Ceccagnoli et al. 2012; Kazadi et al., 2016). Still, these prior studies fail to draw
on the fundamental theoretical foundations related to the requirements for advantageous
operational capabilities. These deliberations have inevitably led to the formulation of the

following research questions, addressing the research topics 3a and 3b in Fig. A-2.

RQ3a: What is the impact of digitalization on the creation of
operational capabilities?
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RQ3b: What are the implications for the advantageousness of operational
capabilities created in times of digitalization?

Furthermore, the research on operational capabilities in times of digitalization must extend the
considerations of their local emergence and use by complementing the transfer in the
multinational company (Stadler et al., 2022), since this is seen as a basis for competitive
advantages (Argote et al, 2022). Because operational capabilities are difficult to express with
formal language, words, symbols, and numbers (Schniederjans et al., 2020), companies are
anxious to overcome these barriers and facilitate their transfer activities as much as possible
(Gupta and Govindarajan, 2000). Simultaneously, they need to lower the risk of disclosing the
capabilities to rivals in case the transfer frequency and thus also transparency and traceability
are increased excessively (Alexy et al., 2018; Ralston and Blackhurst, 2020). Balancing this
“paradox” (Coff et al., 2006) is not adequately addressed in current research (Ritala and Stefan,
2021). Extant studies consider the effects of digital communication technologies on
transferability, such as enterprise social media (e.g., Berraies, 2019; Nisar et al., 2019), or they
explore separately how the use of digital tools raises or lowers the danger of knowledge and
capability losses (Manhart and Thalmann, 2015). Others only focus on the “paradox” of
simultaneous transfers of operational capabilities and their protection from the inter-
organizational perspective (Contractor, 2019). Therefore, the following research questions arise

in consideration of research topics 4a and 4b in Fig. A-2.

RQ4a: What is the impact of digitalization on the transfer of
operational capabilities?

RQ4b: What are the implications for the protection and disclosure of
operational capabilities transferred in times of digitalization?

To answer the previously derived research questions, different explanatory approaches and
methods must be used. They will be briefly presented in overview in the next section before the

structure of the thesis is demonstrated in Section 5.

3. Theoretical Background

For the further course of this thesis, an understanding of the theoretical relationships between
digitalization and the creation and transfer of operational capabilities is necessary. In the

following, fundamental explanations are outlined along a framework (see Fig. A-3).
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Explanations for the Explanations for the Explanations for the
contribution of digitalization creation of operational transfer of operational
to profitability capabilities in companies capabilities in companies

(incl. contribution of
operational capabilities)

Explanations for the Explanations for the impacts Explanations for the
acceleration of digitalization of digitalization on the impacts of digitalization on
creation of operational the transfer of operational
capabilities capabilities

Explanations for the economic impacts of digitalization (,,economics of digitalization‘)

[..] Building blocks of theoretical explanations

Fig. A-3: Theoretical explanations for this thesis (source: own compilation)

Ad [1]: The economic impacts of digitalization (“economics of digitalization™) have their
origins in the spread of digital internet and communication technologies (ICT), which comprise
so-called SMAC technologies (“social media-, mobility-, analytics- and cloud technologies”;
Evans, 2016). These technologies are regarded as basic technologies for the acquisition, storage,
dissemination, and analysis of large volumes of data and their processing for decision-making
(Chen et al., 2020). Their application causes “manifold sociotechnical phenomena [...] in
broader individual, organizational, and societal contexts”, which is defined by the term of
“digitalization” (Legner, 2017, p. 301).

From an economic perspective, the effects of digitalization can be explained by discontinuous
change and an increase in environmental dynamics (see Fig. A-4a; Cozzolino and Rothaermel,
2018; Kane et al., 2016; Knobbe and Proff, 2020). These conditions are also often described
by the acronym “VUCA”, which means a market or business environment characterized by
volatility, unpredictability, complexity, and ambiguity (Bennett and Lemoine, 2014; Cousins,
2018). Formerly stable market conditions are transformed into unstable market and
environmental conditions as a result of technological uncertainties, e.g., when completely new

customer solutions can occur in a short period (Singh and Hess, 2017).
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a) Discontinuity & increasing b) Reduction of ¢) Increasing interaction &
instability of environmental interdependencies & participation on digital
dynamics decoupling of value activities platforms

» market conditions characterized by » lower transaction costs in » alignment in traditional
velocity, unpredictability, internal & external coordination networks & ecosystems
complexity, & ambiguity » higher scope in goal conflicts » new intelligent customers

solutions & business models

Fig. A-4: Impacts of digitalization (source: own compilation)

With regard to organizational processes and structures, the effects of digitalization can be
explained by economic interdependence and coordination (Ruiz-Alba et al., 2020; Victor and
Blackburn, 1987) according to the “decision-oriented organization theory” (Laux and
Liermann, 2005; Tasic et al., 2019). Particularly along with the primary, supporting, and
infrastructure activities in Porter’s (1985) value chain a “process of managing dependencies
among activities” (Malone and Crowston, 1994, p. 87) is referred to as coordination (Burton
and Obel, 2018), which is causing transaction costs (Williamsson, 1985). By the introduction
of digital technologies, the interfaces between activities along the value chain get standardized
(Gulot et al., 2020), e.g., by establishing transmission standards in the case of data transfer
(Fontana et al., 2009). This reduces interdependencies between primary and supporting
activities (see Fig. A-4b; Cano-Kollmann et al., 2016; Cyert and March 1963) but also
interdependencies at interfaces with external partners (Nasiri et al., 2020) and allows decision-
making units to act more independently and make partial decisions on their own to a certain
extent (Weyer et al., 2015). As a consequence, by decoupling value activities transaction cost
advantages can be achieved regarding both, internal and external coordination (cf. Hagiu and
Wright, 2015).

Furthermore, cost-effective coordination can mitigate conflicting goals, such as flexibility and
efficiency (Cenamor et al., 2017), e.g., companies can implement modular production systems
which respond spontaneously to fluctuating customer demands because of quick and automated

communication between machines or employees (Lu et al., 2020).

Apart from this, the impacts of digitalization can be explained by the technical development of
digital platforms (Wagner et al., 2021; Gawer, 2014) and the theory of two-sided or multi-sided
markets (see Fig. A-4c; Hagiu and Wright, 2015). Digital platforms act as intermediaries
between two interacting parties in the sense of processing common transactions, such as
between buyers and sellers (Rochet and Tirole, 2003), or these platforms support to create

innovations together (“innovation platforms”; Cusumano et al., 2019) if the actors span a
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network with high interactions. Then, complementarities (cf. Huth, 2015) or network synergies
(cf. Jacobides et al., 2018; Hannah and Eisenhardt, 2018) between at least three groups of actors
emerge through joint value creation of the network partners (e.g., Brandenburger and Stuart,
2007; Dyer et al., 2018), or also in the case of customer “value co-creation” (cf. Vargo and
Lusch, 2008) and value capture in competition (“value capture”; e.g., Gans and Ryall, 2017)
according to cooperative and non-cooperative game theory. Therefore, the total value in these
so called “ecosystems” (Adner, 2017) is higher than the sum of the individual values (Gawer,
2014).

Ad [2a]: The impacts of digitalization can increase the profitability of the entire
organization (cf. Bodrozi¢ and Adler, 2022; Fitzgerald et al., 2014; Hess et al., 2016) because
digital technologies and the profound economic impacts (see Ad [1]) cause improvements or
completely new creations of processes, products and services, and business models (Appio et
al., 2021). This has far-reaching effects on profitability (see Fig. A-5), e.g., if manufacturing
processes are made more efficient through the analysis of data (Wang et al., 2021) or additional
revenues are generated by completely new process solution, i.e., if customer interaction data is
used for customized outputs (Zhan et al., 2018). Improvements of the company’s products and
services can increase profitability, if data is transferred within a product system or to another
system (or in the case of completely new products and services by enabling interaction from at
least three systems; Proff, 2019). These products and services also enable to improve (or
completely create from scratch) business models depending on the degree of change in the
product- and service-, as well as financial-oriented decision components of the business model
(see Proff, 2019). Completely new and data driven business models (Ritter and Pedersen, 2020)
showed particularly high profit impacts in recent studies (Bouwman et al., 2019; Hartmann et
al., 2016), e.g., if vehicle data is used for additional offerings by the car manufacturer or third-

party providers (Seiberth and Grundinger, 2018)

In this context, according to the resource- and competence-based view, operational capabilities
based on strategic resources are fundamental for the profit effects of digitalization (see Fig. A-
5; Barney, 1991; Collis, 1994; Sanchez and Heene, 1997; Uzunca, 2018). Even if companies in
possession of these resources can generate scarcity and differential rents, also called Ricardo
rents (cf. Schwerhoff et al., 2019), the superiority of resources and related rents is affected by
the firm’s environmental dynamics (Schreieck et al., 2021). That is, the profound technological
changes of digitalization (Parida et al., 2019; Proff, 2019) jeopardize the suitability of
companies’ existing resource base to the surrounding market dynamics (Birkinshaw et al.,

2016). Addressing this, the competence-based view explains how knowledge-based resources
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such as human capital or know-how (Sanchez and Heene, 1997; Uzunca, 2018) represent a
transformable knowledge base, which is called competencies or operational capabilities
(Argyres, 2021; Schulze and Brusoni, 2022). These operational capabilities help the firm “to
perform a coordinated set of tasks, utilizing organizational resources, to achieve a particular
end result” (Helfat and Peteraf, 2003, p. 999), and emerge via learning processes in dynamic
environments as a result of continuous adaptation and innovation (cf. Rasche, 1994). Thus,
digital operational capabilities enable companies to create innovative products and services,
and address customer interests better than competitors (Mikalef et al., 2020). As a result, if the
companies create (digital) operational capabilities they achieve time-limited monopoly rents
(cf. Aghion et al., 2015) that go beyond the previous scarcity and differential rents.

Profitability
Dynamic Business Models Digital
Capabilities Businesses
Products and Services
Operational
Capabilities Processes o
Digital
Activities
Technologies
Digitalization of the company

Fig. A-5: Impact of digitalization on profitability (source: in adaption to Proff et al., 2021, p. 63)

Ad [2b]: The digital impacts highlighted so far can be starting points for accelerating
digitalization. That is, the improvements or radical changes of processes, products and
services, or business models, caused by digital technologies, build a setting of dimensions how
to respond to digitalization (Li et al., 2018; Matarazzo et al., 2021). Even more, the operational
capabilities (and the dynamic capabilities) need to complement these dimensions, since they
are the prerequisite for processes, products and services, and business models (Matt et al., 2015;
Li, 2020). In consequence, “digital activities” and “digital businesses”, as well as the underlying
capabilities can be seen as operational and strategical opportunities for improving the status quo
of digitalization (Reis et al., 2018) which is represented by the digital maturity (Kane et al.,
2016). Since operational capabilities can contribute to the generation of economic rents (see Ad

[2a]), their creation, in particular in the context of this thesis, is important to increase
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profitability (Coen and Maritan, 2011), and needs to be explained in the following.

Ad [3a]: The creation of operational capabilities is related to the characteristics of the
underlying resources, especially, knowledge-based resources such as human capital, know-how
or patents (Alexy et al., 2018). In consequence, strong operational capabilities can be created,
if the company successively fulfils the following requirements for their resources (see Fig. A-
6a).

At first, (1.) the company deploys resources, that create value on the market. These are scarce
or rare and thus valuable resources, (see Barney, 1991; Nason and Wiklund, 2018), which are
a) suitable to the company’s aims, and b) achieve a high perceived value on the market
(Ambrosini and Bowman, 2009). Then, the company should fall back on (I1.) resources which
show limited tradeability and imitability (see Barney, 1991). This requires (a) tacitness, which
means that hidden knowledge is not discovered by replication and cannot be precisely identified
and assessed (cf. Shamsie and Mannor, 2013; Nelson and Winter 1982). It also requires (b) high
complexity of the individual components from the company-specific resource base, e.g.,
stakeholder relationships or the culture of the company (cf. Dierickx and Cool, 1989). And there
is (c) a high specificity of the resource position needed that causes significant transaction costs
when extracting it from the group (Un and Asakawa, 2015). Then, finally, (111.) the company
adapts their capabilities constantly over time (cf. Grant, 1988; Thiele, 1997, pp. 54-55) by
adjusting them to the dynamics of the environment (see Schreieck et al., 2021). This requires
“organizational learning” (Argote et al., 2021; Argyris, 1982), such as optimization of
management processes in a stable environment (“single-loop learning”; Reychav et al., 2016),
change of management processes in an evolving environment (“double-loop learning”; Henly-
Shepard et al., 2015), and the radical change of management processes in dynamic

environments (“deutero learning”; Visser, 2007).

Ad [3b]: The creation of operational capabilities is affected by digitalization (see Fig. A-
6¢), which can be explained by comparing the requirements 1. to I1l. (see Ad [3a]; Fig. A-6a)
and the economic impacts of digitalization (see Ad [1]; Fig. A-6b). The increasing instability
of the environmental dynamics is about to weaken the value of the resource position on the
market (Lenka et al., 2016; Tushman and Anderson, 1986), e.g., if customer requirements are
shifted because of new technological opportunities (see requirement I.; Kamalaldin et al., 2020).
As a result, the adjustment of the resource position with these new environmental conditions
may also rise in importance (see requirement 111.). Furthermore, because digitalization improves

coordination within the organization and in the communication with external partners (Hagiu
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and Wright, 2015), resources and their interconnections within the company become more
transparent (Ritala and Stefan, 2021). In this context, simplified coordination lowers the
tacitness of the resource position (see requirement Il.; Bennis, 2013), and also can mitigate the
complexity of their integration into the organization (Ethiraj and Levinthal, 2004). This can be
reinforced if the company is participating in value-creating networks or ecosystems. By
interaction with external stakeholders, the resources and capabilities are disclosed to the
network (Bouncken and Kraus, 2022). Since these resources are then opposed to external parties
they will lose specificity, complexity, and tacitness (Ghadge et al., 2019; Pil and Cohen, 2006,
p. 999). But companies can also decide to bring in resources voluntarily and create new
operational capabilities together with other participants (Kazadi et al., 2016). Such co-created
(“co-creation”; cf. Vargo and Lusch, 2008) operational capabilities can have a higher value on
the market than it is possible by the company’s resource position alone (Adner and Euchner,
2014).

a) Model of the Creation of Operational Capabilities b) Explanations for the

Economic Impacts
of Digitalization

| Resources

. 4

I.  Resources create value on the market (see Ad [1])
a) resources are suitable and efficient Discontinuity &
b) resources are deployed usefully for the company increasing instability

of environmental

1. Resources show limited tradeability and imitability dynamics

a) resources are tacit C) Explanations

b) resources are complex for the Impacts Reduction of
C) resource are specific of Digitalization interdep_endencies &
- on the Creation  decoupling of value
I1l.  Adjustment of capabilities to environmental dyn. of Operational activities

a) optimization of management processes in Capabilities o _
stable environment Increasing interaction

b) change of management processes in & participation on
evolving environment digital platforms

c) radical change of management processes
in dynamic environments

v
\ Operational Capabilities /

Fig. A-6: Model for the creation of operational capabilities (source: in adaption to Proff, 2007)

Ad [4a]: The explanations for the creation of operational capabilities can be expanded to the
transfer of operational capabilities within the multinational organization (see Liu et al.,
2022), since operational capabilities can be even more advantageous if they are moved between
headquarters and subsidiaries or peer-to-peer between subsidiaries (Faems et al., 2020). Then,

in cross-business activities, these capabilities can, on the one hand, be a gateway to new markets
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(Hamel, 1994). Or, on the other hand, their recombination creates completely new ideas or
solutions (Argote et al., 2022). This generates additional economies of scope (Zahavi and Lavie,
2013) enabling the company to leverage a locally originated capability in a second or even more
applications. Their transfer can be explained by the sharing of human capital (Unger et al.,
2011). That is, operational capabilities are transferable within the company if they have the
character of a quasi-public good (Audretsch and Link, 2019; Sahito et al., 2020), which means
that these capabilities, different from public goods (Jefferson, 1998), cannot be transferred as

often as desired (see Fig. A-7).

Instead, they lose their value with each additional transfer because of rising transaction costs,
e.g., for transcription and documentation (Buchanan, 1965; Markus, 2001; Lambert, 2017).

Value of the
transferred
operational Transferability of public goods
capabilitly (11) Protection of
operational capabilities

— Goal: Optimizing transferability
of operational capabilities

‘[<(I) Improving transferability of

Trade-off

operational capabilities

| :I'ransferability of quasi-public goods
|
T T

1 n

Amount of transfers of
the operational capability

Fig. A-7: Trade-off in the transfer of operational capabilities (source: own compilation)

Companies want to increase transferability within the organization, e.g., by simplifying
codification but they must avoid disclosure of operational capabilities to the outside, and thus
avoid the danger that the operational capabilities will become public goods accessible to all
(Jefferson, 1998). This trade-off is also known as a “paradox” (Coff et al., 2006; Ritala and

Stefan, 2021) and is becoming even more acute in times of digitalization.

Ad [4b]: In this context, the impact of digitalization on the transfer of operational
capabilities can be explained by the intensification of transfer impact factors (Di Stefano and
Micheli, 2022). Companies can increase transferability by giving more autonomy to the transfer
stakeholders (“decentralization of transfer decision”; Eklund, 2022; Rangus and Slavec, 2017)
as well as by implementing communication mechanisms with rich information processing
ability (“information richness”; Daft and Lengel, 1986). However, they must consider too much

autonomy and rich information spreading can cause uncontrolled and dissipated transfers within
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the organization (Ritala et al., 2018), and thus risking transparency to external parties (Ralston
and Blackhurst, 2020; Ritala and Stefan, 2021). This balance needs to be redefined, since
digitalization creates more scope for decision-making of organizational units and employees,
e.g., if they communicate in large enterprise knowledge management teams (Murphy and Sashi,
2018). Therefore, decisions become more decentralized, and subsidiaries or individuals have
more freedom to learn from other subsidiaries and local partners, and gain knowledge and
capabilities more easily (Rangus and Slavec, 2017; Balboni et al., 2017). But strong
decentralization of decision-making can increase the danger of capabilities to become
transparent to external companies (Hurmelinna-Laukkanen 2011), e.g., if data is transferred via
standard interfaces with partners (Weyer et al., 2015) or if there is no clear commitment to the
transfer of fresh operational capabilities to the headquarter (Hutchings and Michailova, 2004).
Digitalization also enables extensive, two-way communication among members of the
organization, which could include private and social topics and issues (Lehmkuhl and Jung,
2013). This can improve the relationship and transfer of resources between platform attendees
in multilateral relationships by building strong and weak social ties (Valenzuela et al., 2018).
But more scope for action in interaction can also increase the danger of capabilities becoming
transparent for external companies (Hurmelinna-Laukkanen 2011), which amplifies the risk of
loss of operational capabilities (Krylova et al., 2016), e.g., if there are rich information
processing mechanisms set up with local partners (Sheng, 2019). Thus, the conflicts regarding
the extent of information richness and decentralization need to be further explained in this

thesis.

The explanations of this section build the theoretical basis of the empirical studies and the
research methods applied in the Chapters B, C, and D. These methods are presented briefly in

the following chapter.

4. Methodology

To answer the research questions of this thesis quantitative and qualitative methods were
applied (see Fig. A-8). Therefore, the research setting thus followed a multi-method research
approach (cf. Johnson et al., 2007; Mingers, 2003), but separated the method’s application into
three articles (see Chapters B, C, and D).
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Fig. A-8: Research methods in this thesis (source: own compilation)

Ad [la]: The maturity assessment analysis belongs to the methods of evaluation and
improvement of organizational performances (Zanon et al., 2021). In this context, “maturity”
primarily means the “evolutionary progress in the demonstration of a specific ability or in the
accomplishment of a target from an initial to a desired or normally occurring end stage”
(Mettler, 2011). Typical performance factors to be assessed in management research are, e.g.,
cost, quality, time to market, or endowment of resources and capabilities (Wendler, 2012).

By drawing on an established modelling approach (see Fig. A-9; Paulk et al., 1993), this thesis’
maturity assessment started with the identification of the “domain” (Lahrmann and Marx, 2010)
of investigation, which is “digital maturity”. Using theoretical research, domain-related factors
were derived to build the components of the maturity model (de Bruin and Rosemann, 2007;
Duffy, 2001) based on the responses to digitalization: “digital activities”, “digital businesses”,
“operational capabilities”, and “dynamic capabilities” (see Ad [2a and 2b] in Section 3). Sub-
components and the underlying items were defined, whereby higher stages were built
cumulatively on the preceding stages (de Bruin et al., 2005), and items were measured on a
Likert 7-point scale ranging from 1 “completely disagree” to 7 “totally agree” (Ifenthaler and
Egloffstein, 2020; Joshi et al., 2015).
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| Domain | | Components | | Sub-Components | | Items |

Digital Processes

Digital
Activities

| 13 Items |

Digital Technologies

Digital Digital Products/Services
Digital Businesses | 11 Items |

Maturity Digital Business Models

Perception/Recognition of

Changes
Dynamic Grasping new Strategic | 12 Items |
Capabilities Options

Recombining Ordinary
Capabilities

Individual Capabilities

Operational

Capabilities |
Organizational Capabilities

5 Items |

Fig. A-9: Structure of the maturity assessment model (source: own compilation in adaption
to Curtis et al., 2009)

These kind of maturity assessments often result in an averaged overall maturity score, which is
combined from the maturity levels of all components such as an index (Alghail et al., 2021).
This approach is widely accepted and builds the basis for many assessments in research (de
Bruin et al., 2005, p. 11; Ifenthaler et al., 2019), where the domain such as “digitalization” is
not yet well understood (De Carolis et al., 2017). For the data collection and analysis, the
maturity assessment in Chapter B is based on a quantitative online survey, which was conducted
at German traditional companies including sectors of industrial goods, and - services, chemicals
and pharma, and automotive (Schumacher et al., 2019). A total of 160 complete data sets was
assessed. This sample size is suitable for regression analysis, which was applied between
strategical and operational dimensions of digital maturity (Green, 1991). In this context, the
quality criteria of Cronbach’s alpha, and coefficients of determination (R?, and adjusted R?)
were met (Miles, 2005; Schmitt, 1996).

Ad [1b]: By applying cluster analysis, comparable groups of respondents with similar maturity
levels could be built (Romesburg, 2004; Zambelli, 2016) by drawing on a widely used
hierarchical approach (Murtagh and Contreras, 2012). This can be understood as an
agglomerative (“bottom up”’; Gupta and Kumar, 2021) sequence of partitioning from n clusters
containing a single individual data point to one cluster containing all the individual data points
(Landau and Chis Ster, 2010). In literature, criteria for merging clusters are established, which
consider the mutual location of individual data points in a multidimensional variable setting

based on proximity measures (Wiedenbeck and Ziill, 2010). A common measure is the euclidian
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distance between data points and is used in Chapter D of this thesis (Pandit and Gupta, 2011).
Following a linkage criterion according to variance-based methodologies, such as the “Ward
methodology”, clusters with the smallest increase in total variance were formed to a new cluster
(Kirenz, 2020). The clustering was stopped based on the elbow criterion, which is used for its
simplicity (Bholowalia and Kumar, 2004). It indicates the ideal number of clusters by a bend
(“elbow”) in the curve built by the error sum of squares and the number of clusters (Syakur et
al., 2018). A total of six clusters could be identified representing companies with digital
maturity ranging from digital “laggards” to “champions”. These final company archetypes were
subjected to a comparative group analysis (“benchmarking”; Proenca and Borbinha, 2016).
Therefore, the clusters were compared on the level of sub-components and recommendations
for improvement were given (de Bruin et al., 2005). By doing so, paths to the ideal target
through comparison with best practices and competitors’ solutions could be demonstrated
(Poppelbul? and Roglinger, 2011; Roglinger et al., 2012).

Ad [2]: The procedure of structural equation analysis belongs to the structure-testing
procedures of quantitative social and economic sciences (Hair et al., 2017; Weiber and
Mihlhaus, 2014; Ringle et al., 2020). Therefore, this methodology was selected for hypothesis-
testing in Chapter C, since it can involve a range of statistical evaluation methods, e.g., multiple
regression analysis (Hair et al., 2017), discriminant analysis, and factor analysis (Schreiber et
al., 2006; Weiber and Muhlhaus, 2014).

In this context, a structural equation model was developed (see Fig. A-10) that consists of two
sub-models: An outer structural model captured the relationships between the impacts of
digitalization (independent variables; see Ad [1] in Section 3) and the requirements of the
creation of operational capabilities (intervening variables; see Ad [2a]) as well as their
advantageousness (dependent variables). However, should they also explain a downstream
endogenous variable, they can be referred to as intervening variables (MacKinnon et al., 2002).
These dependencies are represented by arrows and reflect the previously established hypotheses
under specification of path coefficients which show the strength of the effects (yi-n, 61-n; Nitzl,
2016). The inner measurement models represent the relationship between the variables of the
structural model as well as the assigned and empirically directly measurable items of the
constructs (ai — gi; e.g., Ko and Stewart, 2002). the expression of the latent and endogenous
variables determines the measurement indicators (“reflective” measuring model), while

measurement indicators determine the latent variables of the intervening variables (‘“formative”
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measuring model; Diamantopoulos and Siguaw, 2006; Freeze and Raschke, 2007).
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Fig. A-10: Generic structural equation model (source: own compilation based on Backhaus et al.,
2015)

The evaluation of the model followed the variance-based analysis methods (partial least square
approach, “PLS”; Carrion et al., 2017), which means that the latent variables are investigated
using linear functions of the items (Roldan and Sanchez-Franco, 2012). The sample was built
of 160 complete data sets stemming from quantitative online surveys in capital intensive
German industries, such as industrial products, electronics, chemicals, automotive, and
logistics. Because the sample size was smaller than n = 200 and formative and reflective
measurement models occurred simultaneously, the variance-based procedure was chosen (Hair
et al., 2017). The individual latent constructs were determined via software in partial multiple
regressions of the indicators (Sarstedt and Cheah, 2019). In that way, path coefficients were
calculated to show the strength of the relationships between the latent variables and their
significance (predictive relevance), which can be used to make statements about the
hypothesized relationships (Lowry and Gaskin, 2014). Subsequently, the goodness of fit of the
inner and outer model was evaluated. Depending on the specification of the measurement model
(reflective or formative) the validity (e.g., construct validity, indicator validity; Strauss and
Smith, 2009) and reliability (e.g., convergence validity and discriminant validity; Hair et al.,
2012), as well as the absence of multicollinearity (Grewal et al., 2004) were checked when
evaluating the outer measurement model. Regarding the inner structural models, an assessment

was made of the coefficient of determination and the effect size (Ali et al, 2018).
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Ad (3): The single case study analysis methodology belongs to the qualitative methods of
social and economic sciences (Mayring, 2014; Harding, 2018) and can build a deep
understanding of a complex phenomenon by answering questions about “how”, “what”, and
“why” (Alam, 2021; Yin, 2009). That is, a single case study is an appropriate methodology in
this thesis (Hussein, 2009), since the investigation of the transfer of operational capabilities in
Chapter D included socio-technical phenomena (Peltokorpi and Vaara, 2014), and difficult-to-
access, novel, and particularly complex cases (Flyvbjerg, 2006) in the sense of an “in-depth
study” (Mees-Buss et al., 2019). That is, why single case studies with an inductive character

often can contribute to theory development (“grounded theory”; Glaser and Strauss, 2017).

Within this thesis, data was obtained from ten interviews with employees from a German
multinational manufacturing company (Gléaser and Laudel, 2010). The respondents are experts
with factual and experiential knowledge related to the social element of capability transfers
(Johnson et al., 2019; King et al., 2018). A systematic structuring of information was applied
to identify patterns in the transcribed material based on consecutive coding approaches (see
Garud et al., 2020; Hong and Minbaeva, 2022). Text passages (“codes”; Vaismoradi et al.,
2016) were identified from transcribed interview material (“open coding”, Garud, 2020), were
grouped (“axial coding”, Priest et al., 2002) with the help of a software tool (MAXQDA,
Khandkar, 2009). And finally, categories with similarities in content (Langley, 1999; Strauss,
1987) were formed (“selective coding”, Priest et al., 2002). By cycling between coded data and
theoretical constructs (“constant comparison method”; Corbin and Strauss, 1990) new

theoretical relationships were revealed (e.g., Busch and Barkema, 2021).

Case studies have a high validity especially if they fulfill quality criteria (Bryman et al., 2008).
Construct validity was improved by triangulation (Meijer et al., 2002) and the use of multiple
sources of evidence, that is, documents, archival data, and artifacts, observations were collected
for further analysis (see Busch and Barkema, 2021; Khanagha et al., 2020). Key informants
were involved reviewing the reports (Martins et al., 2015). The internal validity was improved
because the internal coherence of findings and concepts was systematically related or was
achieved by explanation building (Gibbert et al., 2008). Higher external validity was realized,
i.a., by comparing the results with literature and by clearly delineating the validity of the results
(Riege, 2003). The reliability was ensured by generating protocols, archiving data, and
independent analysis of the data material by other researchers (Smith and McGannon, 2018;
Riege, 2003).
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The theoretical foundations from Section 3 and the methodological approaches outlined here in
this Section 4 compose the fundamentals for the empirical studies that have been conducted.

Their integration into the overall structure of this thesis is shown below.

5. Structure of the Thesis

The research questions of Section 2 are addressed by a consecutive structure of four chapters
in this thesis (see Fig. A-11). After the introduction and overview of the underlying explanations
as well as the research methods used (see Section 3 and 4), the core of this thesis now consists

of three articles that address the derived research questions:

Chapter B:  Sommer, S. and Proff, H. (2022): Digital Maturity in the German Traditional
Industries — Status Quo, Profit Impact, Paths of Acceleration. Accepted for
publication in: International Journal of Innovation & Technology Management.

Chapter C:  Sommer, S. (2021): Assessing the Impact of Digitalization on Operational
Capabilities. Published in: International Journal of Business Strategy, Vol. 21
(1), pp. 5-24.

Chapter D:  Sommer, S. (2022): How to Transfer Operational Capabilities in Multinational
Companies without Disclosure: Optimizing Decentralization and Information
Richness in Times of Digitalization. Published in: International Journal of
Business Science and Applied Management, Vol. 17 (3), pp. 49-65.

Finally, a conclusion is given in Chapter E. Therein, the results of the research studies are
summarized, the interrelationship of underlying findings is demonstrated as well as limitations

and outlooks are presented.
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empirical research and survey on 160 German companies (industrial goods,
automotive, chemicals and pharma, and industrial services); cluster analysis for
identification of archetypes
Article: Assessing the Impact of Digitalization on Operational Capabilities
Objective: (1) Investigation of the impact of digitalization on requirements for advantageous
operational capabilities; (2) implications for the advantageousness of operational
Chapter C capabilities in times of digitalization
Approach: Hypothesis testing by quantitative empirical research with structural equation
modelling and survey on 200 German companies from capital-intensive industries
(automotive, chemicals, electronics, industrial products, logistics, and others)
Article: How to Transfer Operational Capabilities in Multinational Companies without
Disclosure: Optimizing Decentralization and Information Richness in Times of
Digitalization.
Objectives: (1) Investigation of the impact of digitalization on the transfer of operational
capabilities by optimization of: (1) decentralization of decision-making, and
Chapter D (1) information richness of communication mechanisms; (2) implications for the
simultaneous facilitation and protection of transfers of operational capabilities in
times of digitalization
Approach: Qualitative in-depth case study of a German manufacturing company; qualitative
content analysis with open coding and constant comparison method
Chapter E | | Conclusion

Fig. A-11: Structure of the thesis (source: own compilation)
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Abstract

Digitalization is driving discontinuous changes in traditional industries such as in sectors of
industrial goods, automotive, chemicals and pharma, and industrial services. However, many
affected companies are slow to adapt their businesses. Digital maturity concerns the status quo
of digitalization in these companies and must be pursued if the company is to remain
competitive. By drawing on theory-based responses to digitalization, a maturity assessment
index was derived. A quantitative survey generated 160 complete data sets from German
companies operating in traditional industries. The findings suggest a medium level of digital
maturity. Six archetypes of digitalized organizations and a positive impact on profits were
identified. These results provide indications of five generic paths for increasing digital maturity.

Keywords: digitalization; discontinuous change; digital maturity assessment, traditional
industries

1. Introduction

Digitalization causes discontinuous [Cozzolino and Rothaermel (2018)] and often disruptive
changes [Acciarini et al. (2020); Buck et al. (2021); Hinterhuber (2022)] in companies’
processes, products and services, and business models [Porter and Heppelmann (2014)]. These
change-related processes have fundamentally transformed industries [Rogers (2016)] such as
the music, television, video, and newspaper sectors after years of stability [Cozzolino and
Rothaermel (2018)], and it is now also affecting capital-intensive traditional companies, that
are, companies in sectors such as industrial goods, automotive, chemicals and pharma, and
industrial services [e.g., Agostini and Nosella (2020); Ghosh et al. (2022)]. If these companies
are to remain competitive, they need high levels of digital maturity to respond to these
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discontinuous changes [Aggarwal et al. (2016); Schallmo et al. (2021)]. In this context, the term
“digital maturity” can be understood as referring to the status of a company’s reaction to
digitalization [Groos et al. (2022); Chanias and Hess (2016)], meaning completeness,
perfection, or readiness to make the necessary adaptations to the new digital conditions [Kiron
et al. (2016); Gurddr et al. (2019)].

Improvements in digital maturity in the traditional industries have been less rapid than in e.g.,
the software industry [Stolfa et al. (2019)] because these companies have had many years of
success [Rahmati et al. (2021)] and have not yet recognized the economic advantages of
digitalization [Fitzgerald et al. (2014)], while in some cases, managers still do not know enough
about the necessary processes and setups [Hebbert (2017)]. As a result, they are failing to
respond holistically to digitalization [Hess et al. (2016); Bumann and Peter (2019)] and, instead,
they start with isolated and experimental applications [Tumbas et al. (2017)], wasting valuable
adaptation time [Singh and Hess (2017)].

Existing research on the digital maturity of affected companies has focused solely on specific
aspects of digitalization or has been based on case studies [Gimpel et al. (2018)]. Digital
maturity assessment methods are often compiled from existing studies or derived from practice
[Thordsen et al. (2020)]. However, companies must assess their digital maturity by taking into
account the theory-based responses to digitalization [Koch and Windsperger (2017)]. In this
context, empirical pattern detection is vital and the connection to the companies’ overall success

has to be further investigated to improve digital maturity [Gudergan et al. (2019)].

This study, accordingly, used quantitative data from 160 German traditional companies to

answer the following research questions:

(1) What is the status quo of digital maturity in traditional industries?

(2) What patterns or archetypes can be identified in the digitalization process?

(3) Does digital maturity correlate with a company’s success (profit impact)?

(4) What are the conceivable approaches to improving digital maturity?

This article is structured as follows. In Chapter 2, digitalization and digital maturity are defined.
Chapter 3 discusses the appropriate responses to digitalization. Chapter 4 explains the research
methodology used to create a maturity index and measures the digital maturity level and builds
clusters of archetypes of the digitalized companies. The findings presented in Chapter 5 show

the current extent of digital maturity (the status quo) and the indications of economic success

(profit impact) at 160 traditional German companies. Approaches for improving digital



Chapter B: Digital Maturity in the German Traditional Industries 40

maturity in each of the clusters are discussed in Chapter 6. The conclusion of the paper is
presented in Chapter 7.

2. Theoretical Background

2.1 Digitalization

The term “digitalization” encompasses more than the technical conversion of analog
information into digital formats (which is described by the term “digitization”) [Schallmo and
Williams (2018)]. Digitalization involves new socio-technical phenomena [Yoo et al. (2012),
and related to this, [Knobbe and Proff (2020)], according to Gartner Glossary [2018], “is the
use of digital technologies to change a business model and provide new revenue and value-
producing opportunities.” Thus, digitalization affects the organization from a technological and
economic — “techno-economic” [Perez (2010)] — perspective, which is based on the rapid
development of technologies such as social media, mobile data communication, analytics, and
cloud computing (SMAC technologies) [Brennen and Kreis (2016); Evans (2016); Sengupta et
al. (2021)].

Concerning the technological perspective, these digital technologies, such as mobile
communications, cause the interfaces between the activities along Porter’s value chain to
become standardized [Gulot et al. (2020); Porter (1985)]. The primary activities (i.e.,
manufacturing, logistics, and distribution) and supporting activities (i.e., procurement and
R&D) of a company’s operations become less independent and can consequently be more easily
detached from each other [Lardo et al. (2020)]. This enables companies to manage internal and
external coordination at lower transaction costs [cf. Hagiu and Wright (2015); Williamson
(1975)] and, for that reason, make processes more efficient — for example, modular production
systems can respond spontaneously to fluctuating customer demands because of quick and
automated communication between machines or employees [Lu et al. (2020)]. Standardized
software interfaces also enable companies to create digital platforms [Bonina et al. (2021)],
which can be used by more than two market players [Kapoor et al. (2021)]. This kind of
connectedness increases interaction between players and leads to smart customer solutions and
innovative business models that cannot be provided by one market player alone (see “theory of
two- or multi-sided markets”) [Gawer (2014)]). Economic profits are derived from
complementarity in networks [Jacobides et al. (2018)], which are called “‘structural” ecosystems
[Adner (2017); Kapoor (2018)]. That is, the standardization of interfaces in times of

digitalization provides more scope for coordination and interaction between internal units and
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with partners and can be seen as the origin of profound shifts in processes, services, and
business models [Apostolov and Coco (2021); Parida et al. (2019), Porter and Heppelmann
(2014)].

However, from the perspective of market dynamics, the emergence of digital technologies is
leading to socio-technical shifts which are influencing the stability of the market and triggering
discontinuous changes. That is, digitalization affects market dynamics in what Davis et al.
[2009] have extracted as a multi-dimensional construct comprising volatility, unpredictability,
complexity, and ambiguity (VUCA) [Bennett and Lemoine (2014); Mack and Khare (2016)].
Thus, in times of digitalization, VUCA conditions jeopardize the suitability of companies’
existing capabilities to their surrounding conditions [Birkinshaw et al. (2016)]. In consequence,

new capabilities are required for taking strategic action [Eggers and Kaplan (2013)].

2.2 Digital Maturity

The term “maturity” is often also used interchangeably with “readiness” [Giirdiir et al. (2019)]
or “stages of growth” [Prananto et al. (2003)]. Maturity in general means “evolutionary progress
in the demonstration of a specific ability or in the accomplishment of a target from an initial to
a desired or normally occurring end-stage” [Mettler (2011) p. 83]. In business research,
“maturity” describes the specific status of a performance factor [Carvalho et al. (2018)], such
as cost, quality, or time to market [Vaz et al. (2019)]. “Digital maturity” is not uniformly defined
and is seen as a “relative and subjective” construct [Mettler and Pinto (2018)]. According to
Kiron et al. [2016], it is the ongoing process of adaptation to a changing landscape, allowing a
company to compete effectively in a new and increasingly digital environment. Thus,
companies must respond to the effects of digitalization by increasing their digital maturity
[Berghaus et al. (2016); Kiron et al. (2016)]. This adaptation requires the affected organization
to mobilize its specific capabilities to cope with digitalization [Agarwal et al. (2021); Rossmann
(2018)] while adapting its processes, products, and business models to the new business
environment conditions [Chanias and Hess (2016)]. The digital maturity approach thus also
includes aspects of change management, which can be described as a structured approach to
facilitating a transition from a current to a future state [Balogun and Hailey (2008)] and relies
on models for measurement of progress [Bellantuono et al. (2021)]. Hence, digital maturity
measurement fits into the larger picture of change management in response to VUCA
conditions, because it supports planning and implementing the change [Pearse (2017)] by using
structured frameworks or models. These comprise dimensions or categories of different

organizational issues where maturity needs to be improved [Teichert (2019)]. Thus, the maturity
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frameworks offer “a way to make an object of interest’s progress towards a target state tangible
across various management research disciplines” [Remane et al. (2017), p. 3]. In many cases,
these models are derived from practical experiences or exploratory research [e.g., Remane et
al. (2017)]. Others are a compilation and aggregation of measurement dimensions taken from
existing models [Webster and Watson (2002)]. Consequently, previous research has neglected
to provide a theoretical foundation for the assessment of digital maturity [Teichert (2019)].

On that account, the current study understands digital maturity as a response to the key effects
of digitalization: namely, greater scope in the coordination of and interaction between internal
and external organizational units as well as VUCA conditions during the course of the
discontinuous change (see section 2.1). As existing maturity models and studies are not based
on a theoretical derivation [Lahrmann et al. (2011); Mettler (2011)], this study’s maturity
dimensions are based on broadly accepted theories being connected with a reaction to
digitalization [see Cleven et al. (2014)]. Thus, it follows a “conceptual approach” [Lasrado et
al. (2015)], emphasizing a strong theoretical foundation instead of reusing existing, previous

maturity models.

3. Responses to Digitalization and How to Improve Digital Maturity

3.1 Changing Processes and Technologies

On the operational level, companies can take advantage of improved internal and external
coordination and interaction in a traditional business by changing (i.e., optimizing) their
existing processes in all functional areas [e.g., Coreynen et al. (2017); Zhang et al. (2022)].
However, continuous and often minor adaptations are not sufficient under conditions of
disruptive digitalization. A comprehensive, and disruptive, redesign of the scope of corporate
action is necessary. Such process innovations not only create competitive advantages in the
supply chain [Nabhani et al. (2018)], but they can also create customer benefits in all operational
activities [Berman (2012)]. They create cost-cutting potential [Nabhani et al. (2018)] in the
existing areas of the value chain (R&D, production, and marketing and sales) and can generate
additional revenues by increasing customer contact [Coreynen et al. (2017)]. To realize the
potential of lower transaction costs in internal coordination and interactions, it is necessary to
change the technologies: companies must install systems for manufacturing execution (MES)
[Mantravadi and Mgller (2019)]; managing product lifecycles (PLM) [Stark (2020)]; and
collecting, processing, and storing data (“Big Data”) [Wang et al. (2021)]. These systems
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improve the standardization of the interfaces between the individual activities of the company

and thus increase efficiency (see also the term “Industry 4.0””) [Kumar et al. (2021)].

3.2 Changing the Products and Services, and Business Models

In addition, from a strategic perspective, companies can benefit from the digitalization-related
scope of coordination and interaction in the traditional business by changing (i.e., integrating)
their products and services [e.g., Oberlénder et al. (2022); Porter and Heppelmann (2014)].
Under disruptive digitalization, minor adaptations or incremental changes to products and
services are not sufficient [Teichert (2019)]. New and comprehensively (disruptively) changed
customer solutions can occur [Singh and Hess (2017)] when goods and services become “smart
offerings”, simply by the interaction of their underlying technical infrastructure. In this case,
the “smart offering” creates and exchanges data with other systems, e.g., when cars
communicate via the internet (thanks to standardized communication interfaces, as discussed

in section 2.1).

In addition, digitalization-based coordination and interaction on technical platforms in
structural ecosystems is a prerequisite for new, innovative business models [e.g., El Sawy and
Pereira (2013); Kiron et. al. (2016); Li et al. (2022)]. Under disruptive digitalization,
adaptations and incremental changes in business models [Mitchel and Coles (2003)] are not
sufficient; rather, newly developed or comprehensively changed business models are needed.
Business models are usually defined by individual components [Johnson et al. (2008)] — such
as the value architecture, value proposition, and profit model [e.g., Foss and Saebi (2017)] — all
of which complement resource allocation and competitive advantages as components of
competitive strategies [e.g., Aaker (2013)]. Digitalization affects all aspects of business models,
hence it improves the profit model [Ritter and Pedersen (2020)], especially when companies

collaborate in ecosystems and co-create value with partners [Adner (2017)].

3.3 Mobilizing Dynamic Capabilities

To increase their digital maturity, companies must respond to discontinuous changes in times
of digitalization (see section 2.2). They must mobilize their capabilities to take strategic action
[Eggers and Kaplan (2013)] as these capabilities enable them to find paths to digital maturity
[Kamalaldin et al. (2020)]. From previous research, it can be deduced that companies under
VUCA conditions require dynamic capabilities if they are to become resilient to new
environmental dynamics [Hamel and Valikangas (2003); Teece (2018)]. Dynamic capabilities

enable the company’s resource base to be reconfigured to sustain the competitive advantages
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necessary in environments characterized by high velocity [Canhoto et al. (2021); Lynch (2019);
Makadok (2001); Teece et al. (1997)] and technological change [Lavie (2006)], while also
preserving strategic flexibility [Konlechner et al. (2018)]. These capabilities comprise the
ability to perceive environmental changes (“sensing”) [Baden-Fuller and Teece (2020); Teece
(2007)]; to capture strategic opportunities through decision-making structures, processes, and
incentives (“seizing”) [Teece (2007)]; and to maintain competitiveness in the market by
extending, combining, protecting, and — if necessary — reconfiguring operational capabilities
(“reconfiguring”) [Teece (2007)]. Thus, dynamic capabilities help companies to, firstly,
respond to new environmental situations through the surveillance of emerging technologies
[Nielsen (2006)] and, secondly, support the development of new customer solutions [Legner et
al. (2017)]. More flexibility and adaptability were necessary, for example, in times of the
COVID-19 pandemic, as companies with superior digital technologies were able to maintain
their communication with customers or even develop new products, such as in the field of
telemedicine or digital healthcare [Liu et al. (2022); Saputra et al. (2022)].

3.4 Mobilizing Operational Capabilities

Because digitalization affects the foundations of a successful business, which are processes,
products and business models, companies need to renew the underlying (digital) operational
capabilities [Lenka et al. (2017); Proksch et al. (2021)]. While dynamic capabilities are to be
understood as higher-order capabilities [Zollo and Winter (2002)], operational capabilities are
zero-level [Winter (2003)], which enables the firm “to perform a coordinated set of tasks,
utilizing organizational resources” to achieve a result [Helfat and Peteraf (2003)]. On the one
hand, they comprise the capabilities of employees within the company, that is personnel with
unique working routines or leadership skills [Teece (2014)]; parallels with the generic strategy
of leadership from change management are the result [By (2020)]. On the other hand,
operational capabilities include the capabilities on the organizational level, that is capabilities
owned and controlled by the company arising in the complex, company-specific interactions
and processes [Gold and Malhotra (2001)]. As operational capabilities are not transparent to

externals [Teece (2018)] they feature limited substitutability and imitability.
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4. Research Methodology

4.1 Empirical Setting

The present study follows the common approach to the assessment of maturity and draws on an
index solution [e.g., Goldstein and Eley (2014); Kromann et al. (2020)]. The responses to
digitalization derived theoretically and presented in Chapter 3 provided the basis of the sub-
indices for measuring digital maturity (see Fig. B-1) [de Bruin et al. (2005); PéppelbufR and
Raoglinger (2011)]. Consequently, the digital maturity index (DMI) comprises (1) the digital
activity index, taking into account the responses in processes and technologies; (2) the digital
business index, covering the necessary changes in products and services and business models;
(3) the dynamic capabilities index, which considers the mobilization of necessary capabilities
to enable the organization’s adaptation to discontinuous change; and (4) the operational
capability index, including the mobilization of operational capabilities from an individual and

organizational perspective.

| Sub-Indices | | Responses to Digitalization |

Digital Processes |

-+ — Digital Activity
Index

13 Items

+ +
1

—| Digital Technologies |
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+ +
|

Digital Business Models |

Digital Maturity

|
— L L
]

Index (DMI) Perceptlo’rj and recognition of changes
(“Sensing”)
Grasping new strategic options
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Index

L Operational Capability + —| Individual capabilities | 5 ltems
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| | | Digital Operations Index | Y. 41 Items

Fig. B-1: Digital Maturity Index (source: own compilation)

The responses to digitalization were operationalized as latent constructs [cf. Grant and Verona
(2015)] and measured using a total of 41 items (see Appendix). A seven-point Likert scale,
from 1 (no digitalization) to 7 (full digitalization), was applied, allowing a metric scale to be
assumed and the average of the items to be calculated [Luftman (2006); Solar et al. (2013)].

This followed the “maturity level approach” commonly used in assessment models such as the
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“capability maturity model” (CMM) [Paulk et al. (1993)]. In addition, the impact of digital
maturity on the operating result (EBIT) was examined in seven steps and found to range from
0 to more than 25% [De Toni et al. (2017); Zatta and Kolisch (2014)].

4.2 Data Collection and Analysis

A pre-test [Stockemer (2018)] was conducted at 30 German companies. The actual survey was
then disseminated to German firms in a cross-sectional empirical study. This involved 215
companies selected at random, each with a turnover of more than EUR 100 million. A total of
160 complete data sets were analyzed, consequently providing a sufficiently large sample size
[Cohen (1992)]. Almost three-quarters (71%) of the participants had a turnover of more than
EUR 500 million, and 18% more than EUR 10 billion. Some 65% of the companies in the study
had fewer than 10,000 employees and 22% had more than 20,000. A quarter (26%) of the
respondents were working at the board or top-management level (CxO level), and 74% were
one management level below. More than a third (38%; n=60) of the respondents worked in the
industrial goods sector (e.g., mechanical engineering, consumer goods, and plant construction),
19% (n=31) in the automotive industry, 17% (n=27) in the chemicals and pharma industry, and
26% (n=42) for industrial service providers (transport and logistics, and engineering and energy

service providers).

Statistical analysis was conducted by calculating the average of the equally weighted sub-
indices [Farrel and Gallagher (2014); Jovanovi¢ and Filipovi¢ (2016); Macchi and Fumagalli
(2013)]. A cluster analysis [Romesburg (2004)] was performed using the “Ward method”
[Murtagh and Legendre (2014)], based on Euclidean distance between points [Székely (2005)].
The ideal number of clusters was identified as six, using the elbow criterion [Bholowalia and
Kumar (2014)] to build archetypes of companies with a similar status quo in terms of their
strategic and operational digital maturity (see Fig. B-1 in section 4.1). The maturity levels of
the individual items in all cluster groups were compared, and “gap analysis” was applied to
derive paths to improve digital maturity (see Fig. B-6 in the Appendix) [cf. Dutta et al. (2020);
Colli et al. (2018)].
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5.  Findings

5.1 Digital Maturity in the Surveyed Companies

To address the first research question, it is noted that the status quo of digital maturity in the
German traditional industries had an average DMI value of 3.92, indicating room for potential
improvement. According to previous research on digitalization, digital maturity must be
accelerated in both strategic and operational dimensions [Reis et al (2018)]. A comparison of
the maturity of the longer-term strategic orientation (digital strategy) — captured as a
combination of the digital business index and the dynamic capability index — and the maturity
of the shorter-term, operational orientation — captured via the digital activity index and the
operational capability index (Fig. B-1) — shows a strong significant correlation (p < 0.001)
between strategic and operational orientation, with an R? of 0.83 (cf. Fig. B-2), that is 83% of
the variance is explained by the model. The adjusted R? is 0.82, indicating the proportion of
variation explained by the regression line is 82%, which demonstrates that the estimated
regression fits the relationship between strategic and operational orientation and does not
contain a too large number of variables [Miles (2005)]. Companies with a high digital strategic
maturity also have strong operational digital positioning and vice versa. However, the German
companies surveyed were also more strategically than operationally aligned with digital

maturity (intercept of regression line at 0.11).

The analysis revealed a wide scatter in the statements by the companies regarding their current
digital maturity. With the help of cluster analysis, six archetypes of companies at different levels
of digital maturity were identified, indicating the extent of strategic and operational
digitalization (see section 4.1) [cf. Guenzi and Habel (2020)]. In response to the second research
question, the archetypes are as follows: digital champions, digital high potentials, digital

innovators, digital optimizers, digital followers, and digital laggards (see Fig. B-2).
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Fig. B-2: Archetypes of digital companies (source: own compilation)

Table B-1 shows the averages for digital maturity and the individual sub-indices of the six
archetypes of digital companies. Across all archetypes, a moderate digital maturity was revealed
in both the overall index (3.92 on a scale of 1 [no digitalization] to 7 [full digitalization]) and
all four sub-indices (between 3.68 and 4.08). The internal consistency of the sub-indices is
given due to their Cronbach’s alpha being > 0.7 [Schmitt (1996)].

Average pe PDyna Digita Operationa Digita Byl
A etype apan B e apan A i

Olad

C (e 0 0
onba alpha o = (.9 o, = 0.9( o= (.8 o= (.86

Digital Champions 6.74 6.52 6.43 6.08 6.44
Digital High Potentials 5.29 5.25 5.08 4.70 5.08
Digital Innovators 451 4.47 4.20 3.33 4.13
Digital Optimizers 3.83 3.60 4.53 4.37 4.08
Digital Followers 3.22 2.94 3.16 2.82 3.04
Digital Laggards 1.68 151 1.62 1.62 1.61
Total 4.08 3.91 4.01 3.68 3.92
1 = no digitalization; 7 = full digitalization

Tab. B-1: Overview of digital maturity and the individual sub-indices for the six archetypes of digital
companies (source: own compilation)
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In contrast, there were major differences between the six archetypes in terms of the extent of
their digital maturity, with a DMI ranging from 1.61 for digital laggards to 6.44 for digital
champions. According to the findings in Table D-1, digital maturing from one archetype to
another requires simultaneous progress in many dimensions (indices).

Turning to the control variables, it was found that when digital maturity was assessed in relation
to the size of the company (as measured by turnover), there was a very clear scale effect. The
larger companies, with turnovers of more than EUR 10 billion, had already oriented themselves
more strongly toward digitalization, both overall (average DMI of 4.40) and in all sub-indices,
while the medium-sized companies (with turnovers of EUR 500 million to 10 billion) had an
average DMI of 3.84. In turn, the large and medium-sized companies were both more “digitally
mature” than the small companies defined as those with turnovers of between EUR 100 and
500 million (average DMI of 2.79). This evidence shows that large companies were more likely
to have the financial resources to invest in expensive digital technologies, while the small
companies’ flexibility and speed could not compensate for their comparative lack of financial

strength.

Especially in the three sectors of industrial goods, industrial services as well as chemicals and
pharma, there were few digital champions or laggards, a large number of digital high potentials
and followers, and few digital innovators or optimizers (see Tab. B-2). However, noticeable is

the higher number of digital followers and laggards in the automotive sector (45%).

Industrial Industrial Chemicals/

Goods Services Pharma Automotive

Archetype

Digital Champions 3% 3%
Digital High Potentials 38% 13%
Digital Innovators 7% 6% 7% 3%
Digital Optimizers 12% 6% 7% 10%
Digital Followers 37% 31% 22%

Digital Laggards 3% 6% 12% 26%

Tab. B-2: Relative share of archetypes of digital companies in different sectors in Germany (source:
own compilation)

This shows that the large automotive industry in Germany is lagging in digitalization to a certain
extent, which may be explained by the fact that companies here have long time profited strongly
from their traditional business, but now cannot focus on digitalization exclusively because they

need to divide up their resources for the development of electric cars and related technologies.



Chapter B: Digital Maturity in the German Traditional Industries 50

5.2 EBIT Impact

Addressing the third research question, the survey results shed light on the correlation between
digital maturity (the DMI) and the profit impact of digitalization (EBIT impact). A correlation
of this kind is evident (cf. Fig. B-3) in the EBIT intervals (0%, 1 to 5%, 6 to 10%, etc.). If the
average of the DMI index values of the companies in an EBIT interval is correlated with the
average EBIT in the EBIT interval, this results in a correlation coefficient of 0.96. Therefore,
the quality of the linear regression is very high, with an R2? of 0.94 and an adjusted R2 of 0.93.

Results show strong significance (p < 0.001).

EBIT Impact
Regression line
>26% !
y =0.0764x — 0.2124
p =0.9643 -
T °
21-25% | Re=0.94
R2 (adj.) =0.93
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6-10% LX) o[Jo emo 0® 00 o000 °
1-5% ®© 000 0 Moo ® o °
0% . .
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Digital Maturity Index

1 = no digitalization

7 = full digitalization [] average index value per EBIT-interval

Fig. B-3: EBIT impact of digital maturity (source: own compilation)

The 26% of the surveyed companies had not yet seen any EBIT impact and estimated their
digital maturity at the lowest levels (average of 2.75 on a scale of 7). A further 19% of the
surveyed companies had seen only a very small EBIT impact (between 1% and 5%) and they
likewise assessed their digital maturity as very low, at an average of 3.2. The 18%, 17%, and
14% of companies that rated their EBIT impact as 6-10%, 11-15%, and 16-20%, respectively,
also rated their digital maturity significantly higher, at 4.4 or — in two cases — 5. Only 6% of the
surveyed companies noted a strong EBIT impact of 21-25% or more than 25%, but they also

rated their digital maturity the highest (an average of 5.3 or 6.5 on a scale of 7). In summary,
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there is a large proportion of the respondents (44%), which had achieved a maximum EBIT
impact of 5%.

For the archetypes, it could be shown that the digital champions and digital potentials achieved
the highest improvements in profitability with 16% and 14% respectively (see Tab. B-3). In
contrast, innovators with an average of 7% EBIT improvement and optimizers with 10% EBIT
improvement fall somewhat behind. It can be observed that the optimizers achieve a higher
profitability improvement because their processes are already more efficient in comparison to
the innovators, who primarily invested strategically. For followers and laggards, the EBIT

improvements are lowest at 5% and 1%.

Archetype EBIT improvement (averaged)

Digital Champions 16%
Digital High Potentials 14%
Digital Innovators 7%
Digital Optimizers 10%
Digital Followers 5%
Digital Laggards 1%

Tab. B-3: EBIT improvements of the archetypes of digital companies (source: own compilation)

It emerged that an EBIT impact can only be proven once a minimum level of digital maturity
has been achieved (from a minimum DMI index value of 2.75 on a scale of 1-7). This means
that digitalization efforts must attain a critical minimum level before an economic effect sets in
or that a certain bandwidth in the reactions to digitalization is required. This also fits with the
results shown in section 5.1, according to which larger companies (measured by sales) also
achieve better DMI results. Their chances are higher of achieving EBIT improvements since
they have greater investment resources at their disposal [Machin and Van Reenen (1993)]. In
addition, a control shows that companies with a high share of their revenue coming from digital
services and products (measured in seven intervals of 0%, 1-10%, 11-20%, etc. and up to >
50%) also achieve higher EBIT improvements (coefficient of 0.62, R2 = 0.38, R2 (adj.) = 0.37,
p <0.001).

This also explains the high levels of dissatisfaction with individual and isolated digital pilot
projects that can be found in smaller companies causing no EBIT impact as well as the general

need for smaller companies to catch up [Buer et al. (2021)].

Considering the overall effects of the EBIT improvement, the results confirm the perception
that digitalization has strong potential but is currently implemented much too rarely and to an

extent too limited in Germany.
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6. Paths for Improving Digital Maturity

Archetypes of digital companies were derived from the findings (see Chapter 5). The
companies’ status quo regarding the values of the 41 items were compared to identify the largest
gaps and potential levers for improving digital maturity (see Appendix). Therefore, to address
the fourth research question, 11 improvement paths were found for the various strategic and
operational orientations. Digital laggards, for example, have the option to make stepwise
improvements in all four sub-indices, but they should focus on (1) the introduction of market
analysis and (2) structured decision-making. They should (3) increase the support from their
top management and (4) adapt their product or service architecture. In addition, (5) the
introduction of PLM technology is recommended to integrate all information about the
products’ life cycles (see Appendix). By doing so, they can move onto path L.1 in Figure B-4,
moving toward the level of digital followers. In total, 11 paths were identified (paths L.1to P.1
in Fig. B-4), and these were grouped into five generic key tasks for improving digital maturity:

(1) optimizing the management of digitalization (path L.1 to increase the digital maturity of
digital laggards so they might attain the level of digital followers);

(2) either defining the (market) strategies for digitalization (path L.2 of digital laggards or
F.1 of digital followers to attain the level of digital innovators),

(3) or optimizing the operational activities (path L.3 of digital laggards or F.2 of digital
followers to attain the level of digital optimizers);

(4) building digital capabilities (path F.3 of digital followers, path 1.1 of digital innovators
or path O.1 of digital optimizers to attain the level of digital high potentials); and

(5) optimizing business models, possibly with partners in structural ecosystems (path P.1 of
digital high potentials, path 1.2 of digital innovators, and path O.2 of digital optimizers
to ultimately attain the level of digital champions).

Figure B-4, therefore, supports the claim of Rogers [2016] that digitalization is less about
technologies and more about strategies and new ways of thinking. Digitally mature companies
(digital innovators, high potentials, and champions), on that account, also have strongly marked
dynamic capabilities of seizing (grasping new strategic options) and changing their business
models (particularly in the value architecture and value proposition). They employ exceptional
digital talents, as can be observed at the car manufacturer Tesla, which is developing
autonomous cars [Dikmen and Burns (2017)]. These companies, e.g., such as Apple or Google,
are collaborating in ecosystems with shared value-added and superordinate value propositions,

being supported by top management and the digital corporate culture [Grover et al. (2022)].
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Fig. B-4: Paths of accelerating digital maturity (source: own compilation)

7. Conclusion

This study assessed the status quo of digital maturity in German traditional industries. The
sample’s average DMI of 3.91 (out of 7) indicates that responses to digital disruption need to
be accelerated. Furthermore, EBIT potential has not yet been realized as this only appears after
major upfront investments. The results indicate that responses to digitalization should begin
simultaneously — with processes, products and services, business models, as well as capabilities.
Cost reductions and revenue increases should be driven forward gradually, and digitalization
can only be pushed as a whole — not through individual pilots. Responding to digital disruption

in the traditional industries is, then, a comprehensive task.

The digital maturity paths distinguished in this study could help companies in these traditional
industries to quickly tap into the opportunities of digitalization. This applies all the more given
the COVID-19 pandemic and subsequent economic crisis, both of which have accelerated
digitalization by pushing companies to realize both the importance of digitally linked value-



Chapter B: Digital Maturity in the German Traditional Industries 54

added processes for suppliers and manufacturers and of digital business models for maintaining

interactions with customers when the classic distribution is not an option.

The results may not be generalizable because they originate from German companies only.
More participants should be added, from different countries and different industries, including
an extension to other sectors enabling a more in-depth investigation of country-specific and
industry-specific peculiarities. In addition, methods for structural analysis of multivariate data
can be applied, e.g., constrained principal component analysis, to investigate the correlation of
the maturity sub-indices based on size or industry classes and to analyze the underlying
structure (e.g., factor structure) of sets of variables and simultaneously the interrelationships
among those underlying structures [Hunter and Takane, 2002].

On this basis, a dynamic theory of digitalization could be developed, translating the sequence
of actions along the path toward greater digital maturity (Fig. B-4) into a dynamic adaptation
hypothesis [e.g., Porter (1991)], thereby describing the evolution of industry structures [cf.
Menzel and Kammer (2019)].

Appendix
The Four Sub-Indices

(1) The Digital Activity Index comprises 13 items relating to the change of processes and
technologies in pursuit of greater scope for coordination and interaction. This includes items
for the implementation of new digital processes: (1) end-to-end supply chains; (2) R&D; (3)
planning; (4) procurement; (5) production; (6) logistics; (7) ramp-up; and (8) customer orders
(adapted to the value chain of Porter [1985]). In addition, the index is operationalized with items
for the implementation of new technologies: (9) real-time data generation; (10) data analytics
[Comuzzi and Patel (2016)]; (11) central integrated IT systems; (12) MES systems; and (13)
PLM systems [Mantravadi and Mgller (2019)].

(2) The Digital Business Index concerns the digitalization of products and services and
business models. It comprises 11 items, adapted from Foss and Saebi [2017] and Johnson et al.
[2008]: (1) increased share of digital products and services; (2) digital value proposition to
customers; (3) flexibilization of product and service value architecture; (4) improvement of
digital competitive advantage; (5) change of resource use; (6) increased interaction with other
systems; and (7) changes in product and service architecture. The ecosystem-related items were
operationalized through the adaptation of Adner [2017] and Valdez-de-Leon [2016]: (8)
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ecosystem definition; (9) building of multilateral interactions; (10) creation of an overarching

value-creating network; and (11) creation of a superordinate value proposition.

(3) The dynamic capability index captures the extent of companies’ dynamic capabilities in
times of digitalization. It is based on an operationalization by Teece [2007], consisting of the
following items: (1) identification of new technologies; (2) surveillance of new technologies;
(3) identification of new competitor technologies; (4) analysis of target market; (5) development
of new customer solutions; (6) structured decision-making; (7) redefinition of the enterprise
boundaries; (8) building of stakeholder loyalty; (9) knowledge management; (10) improvement
of governance; (11) decentralization of new tasks; and (12) development of alliance capability.

(4) The operational capability index captures the digitalization of operational capabilities (on
the individual and organizational levels). Hence, the following items are included: (1) number
of digital talents [Teece (2018)]; (2) implementation of a clear digitalization roadmap; and (3)
use of scorecards for digitalization [Hess et al. (2016)], as well as (4) a digital corporate culture

and (5) support from top management [Hall [1993]).
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Questionnaire Extract

Please give us your assessment of the following statement:

| completely 3 Partially 5 | completely
In times of digitalization... dlsafree 4 ag;ee
...the interaction of your company’s services with
other systems increased (e.g., infrastructure, O O O O O O O
customers, other companies).
...the service architecture of your company
(product or service architecture) was changed. O O O O O O O
... fixed circle of partners were defined with
whom your company cooperates. O O O O O O O
...your company entered into relationships with O O O O O O O

suppliers, cooperation partners, or customers that
cannot be broken down into bilateral interactions.

...your company bindingly aligned to a cross-
company value creation structure?

O
O
O

...an overarching customer solution was created in
your company by combining multiple value
propositions from different companies, which
would not be possible without collaboration.

O
©)
O

...the use of resources in your company (R&D and
investment budget) changed.

...the competitive agility in your company
changed.

...a more flexible configuration of the company’s
value architecture was created.

...the company’s customer-specific approach was
improved.

...the share of your company's digital services in
total sales has increased.

O O O O O
O O O O O
O O O O O
O O O O O
O O O O O
O O O O O
O O O O O

In times of digitalization...

<0% 1-5% 6-10%  11-15% 16-20% 21-25%  >25%

...the EBIT has improved of O O O O O O O

Fig. B-5: Questions for the digital business index and EBIT impact (source: own compilation)

Derivation of Paths to Improve Digital Maturity

Improvement paths (examples of digital laggards and digital followers): the followers’ current
status quo is the values in the outer data circle. In parallel, they can be seen as target values of
the laggards. The figure below lists the five largest differences between the two archetypes.
Here, improvements in the digital-maturity level are particularly necessary. According to Fig.

B-6, digital laggards must (1) change the product and service architecture; introduce (2)
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structured decision-making and (3) market analysis; (4) implement PLM technology; and (5)

increase support from top management.

a) Dynamic Capability Index b) Digital Business Index
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digitalization
« Structured decision making and
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* Use of PLM sytems and
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o Implementation of digital .
-5 customer order processes ... of digital ramp-up processes
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. B-6: Paths from digital laggard to digital follower (source: own compilation)
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Abstract

In traditional management thinking, operational capabilities require to be based on valuable
resources that have only limited substitutability and imitability. With digitalization, new
company networks emerge and the individual network partners’ operational capabilities are
incorporated into the network and difficult to protect. How to capture the impact of
digitalization on the requirements for these operational capabilities and how to explain the
sustainable advantageousness of these capabilities are analyzed and empirically examined in a
sample of 200 industrial companies. The analysis shows that more openness for value co-
creation in networks is needed that can be economically sustainable within the network.

Keywords: Digitalization; operational capabilities; VRIN; environmental dynamics;
transaction costs; ecosystems

1. Introduction

For creating a competitive advantage, companies need operational capabilities (Helfat/Winter,
2011 and similarly Teece, 2014), which require to be based on valuable resources that have
only limited substitutability and imitability (Barney, 1991; Theeke/Lee, 2017) and can be
adjusted by learning (Argyris/Schon, 1978) to the environmental dynamics (Reed/DeFilippi,
1990; Sanchez/Heene, 1997; Karna et al., 2015). The Digitalization is a technological change
that not only enables and drives improvement and innovation in processes, products and
services, and business models (e.g., Li et al., 2018) but also influences these operational
capabilities (Lenka et al., 2016; Nasiri et al., 2020) and consequently, the requirements for them

are influenced as well.

For example, because of digitalization companies are enabled to collaborate in innovative
networks via platforms (e.g., Hagiu/Wright, 2015), i.e., in ecosystems (Adner, 2017, also
Jacobides et al., 2018; Hannah/Eisenhardt, 2018). On the one hand, therefore, there is a better
exchange between network partners (e.g., Spulber, 2018) and a common value-creating
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resource position can be created (Nalebuff/Brandenburger, 1997; Feldmann, 2002); on the other
hand, however, the individual network partners’ operational capabilities are incorporated into
the network (Sheng et al., 2013) and are virtually impossible to protect (limited substitutability
and imitability is at risk; Karhu et al., 2018).

Extant literature has discussed required resources and capabilities as enablers of digitalization
(Chaet al., 2015; Li et al., 2018), focuses on sharing capabilities on digital platforms (Mueller
et al., 2010) or the emergence of capabilities in Ecosystems (Ceccagnoli et al., 2012). But prior
studies have not taken into account the conflicting effects of digitalization on operational
capabilities, especially when it comes to their advantageousness. Therefore, this article attempts
to capture the impact of digitalization on the requirements for these capabilities and to explain

the sustainable competitive advantages and thus also the advantageousness of these capabilities.

An initial literature review will cover digitalization and its economic effects as well as
operational capabilities and the requirements for them (Section 2). On this basis, hypotheses on
the effects of digitalization on operational capabilities will be set up in Section 3, starting with
effects on the requirements for operational capabilities, and deduced from these, effects on the
advantageousness of these capabilities. The hypotheses will be verified in Section 4 at 200
German industrial companies. The article concludes with a discussion of the results and
implications, limitations and an outlook on the need for further research.

2. Literature review

2.1 Digitalization and its Economic Effects

Digitalization enables the gathering, storage, analysis and transfer of large data volumes that
are summarized under the term SMAC technologies: Social Media, Mobile Devices, Analytics
and Cloud Computing (Peppard/Ward, 2016; Legner et al., 2017) and can therefore not only
improve but also radically change business processes, products and services as well as business
models (Knobbe/Proff, 2020).

Regarding its economic effects, digitalization initially causes discontinuous changes (cf.
Tushman/Anderson, 1986; Kane et al., 2016) in particular in capital-intensive sectors such as
the automotive industry (cf. Donada/Attias, 2015) and changes the market and/or environmental
dynamics (Knobbe/Proff, 2020). It will no longer remain stable over time, (continuity or
stability of environmental dynamics), but is interrupted by discontinuous change
(“discontinuity” [Nadler/Tushman, 1989, p. 196] or “instability” [Klein, 1977, p. 9] in the



Chapter C: Assessing the Impact of Digitalization on Operational Capabilities 70

environmental dynamics, frequently as a one-time occurrence. Digitalization causes long-term,
discontinuous changes, which lead to new basic technologies over a protracted period (Kane et
al., 2016).

Digitalization also enables and drives the standardisation of interfaces between individual
business activities along Porter’s (1985) value chain in the traditional business. It thus allows a
reduction in the restrictive mutual interdependencies among the primary activities of
manufacturing, logistics and distribution and the sequential interdependencies with supporting
activities, particularly procurement and R&D (Cyert/March, 1963; Wang et al., 2016). These
activities can therefore be uncoupled, and the decision-making units can take partial decisions
independently (Sturgeon, 2019). That saves time and reduces the transaction costs of internal
coordination (cf. Hagiu/Wright, 2015) and also of external coordination in the traditional
business (Williamson, 1985; Banalieva/Dhanaraj, 2019).

Digitalization simultaneously creates interfaces between companies in the form of technical
platforms, across which more than two market players can interact stably, and therefore
increases these players’ interaction (Gawer/Cusumano, 2014). Increased collaboration can lead
to smart customer solutions and innovative business models which in many cases cannot be
provided by one market player alone. This is explained by the theory of two- or multi-sided
markets. According to this theory the dense interaction of complementary market partners, each
representing their interests on platforms (Hagiu/Wright, 2015, p. 163), creates positive effects
in intra-organizational networks, in that the overall benefit in the network is greater than the
sum of the individual benefits (Gawer/Cusumano, 2014). This creation of economic benefits is
referred to as complementarity (Jacobides et al., 2018; Hannah/Eisenhardt 2018). The benefits
arise in special networks, so-called ecosystems (Adner, 2017, Jacobides et al., 2018, Garcia-
Martinez et al., 2018), in which a fixed circle of partners in a multilateral relationship is aligned
to a cross-company value creation network in order to create a higher value proposition. These
benefits are described by value creation in cooperation with the network partners (“value co-
creation”; e.g., Vargo/Lusch, 2008) and by the appropriation of value in competition (“value
capture”; Gans/Ryall, 2017), and are explained by biform games (e.g.,
Nalebuff/Brandenburger, 1997).

2.2 Requirements for Operational Capabilities in Strategic Management

According to the competence-based view, operational capabilities (Helfat/Winter, 2011) or
ordinary capabilities (e.g., Teece, 2014) are the basis of competitive advantages. The concept

of capability is not clearly defined in the literature. For Helfat/Peteraf (2003), it includes all
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“organizational capabilities”, i.e., those “to perform a coordinated set of tasks, utilizing
organizational resources, for the purpose of achieving a particular end result”. According to
Helfat/Winter (2011), companies are enabled by their operational capabilities “to perform an
activity on an on-going basis using more or less the same techniques on the same scale to
support existing products and services for the customer population” (p. 1244). These
operational capabilities are also understood as resources which create competitive advantages
(e.g., Teece, 2014, p. 329). According to the resource-based view in strategic management,
these resources are distributed unequally among companies and, if properly used, can therefore
generate special rents from existing resources and from efficiency (Barney, 1991; Peteraf,
1993).

According to Barney (1991), “VRIN” resources create competitive advantages if they

e are “valuable” and “rare” and therefore create value in the market and

e are “imperfectly imitable* and “non-substitutable “.

Limited substitutability and imitability cause “causal ambiguity” (Reed/deFilipi, 1990) as a lack
of clarity about the presumed causal relationship between resource input and offerings to the
customers through specific, complex and tacit resources. Specific resources create less value in
a next-best use outside the company according to transaction cost theory (Williamson, 1985),
complex resources make it impossible to adopt individual components in isolation (e.g.,
Dierickx/Cool, 1989, p. 1508) and tacit resources cannot be imitated by reverse engineering

(Nelson/Winter, 1982). In addition, operational capabilities also have to

e be adjusted to environmental dynamics by organizational learning (e.g., Argyris/Schon,
1978) (cf. Sanchez/Heene, 1997; Proff, 2005) to secure long-term competitive advantages
(Lim et al., 2018).

Value creation in the market, limited substitutability and imitability (through specificity,
complexity, and tacitness), and adjustment with the environmental dynamics are therefore the

key requirements for operational capabilities.

Digitalization causes falling internal and external transaction costs and a simpler cross-
company exchange via platforms, but this conflicts with some requirements for advantageous

resources. That should now be examined more closely.
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3. Hypotheses Development

Hypotheses are now derived here on the effects of digitalization on the requirements for
operational capabilities (Section 3.1) and, moreover, on the advantages of these capabilities
(Section 3.2). The derived hypotheses are then empirically tested in Section 4.

3.1 Effects of Digitalization on the Requirements for Operational Capabilities

(1) Effects of the Instability of Environmental Dynamics during Digitalization

The discontinuous changes caused by digitalization (Kane et al., 2016) increase the instability
of the environmental dynamics (Davis et al., 2009; see section 2.1). Such discontinuities create
information deficits and consequently uncertainty (Hoppmann et al., 2016), jeopardizing the
operational capabilities (Tushman/Anderson, 1986). The discontinuous technological changes
alter customers’ wishes (Kamalaldin et al., 2020) which can no longer be fulfilled with the
existing resource position (Lenka et al., 2016). Due to this, environmental dynamics even the
capital-intensive industries with less strong and frequent changes now also have to react to the
increased instability of the environmental dynamics with very marked deutero learning
(Argyris/Schon, 1978, Andersen, 2016) to adapt the existing resource position to the

environmental dynamics. The following hypothesis can thus be advanced:

H1a: The higher the instability of the environmental dynamics during digitalization, the lower

is the value created by the resource position in the market.

H1b: The greater the instability in the environmental dynamics caused by digitalization, the

stronger is the adjustment of the resource position to the environmental dynamics

(2) Effects of the falling transaction costs of internal and external coordination during

digitalization

In times of digitalization, the transaction costs of internal coordination fall (cf. Section 2.1)
andvalue-adding activities can be rearranged and linked to form modular value adding systems
(Koch/Windsperger, 2017, p. 22). Digitalization, therefore, reduces the complexity of the
resource position (Ethiraj/Levinthal, 2004). With decreasing complexity of the resource
position, its substitutability and imitability increase (see Section 2.2), because due to
digitalization interrelationships between the deployment of resources and (partially)
modularized goods and services become more transparent (Bennis, 2013) and are easier for
external parties to understand (Pil/Cohen, 2006, p. 999) and copy (Kamasak, 2017, p. 256).

Also, transaction costs of external coordination with suppliers and cooperation partners are
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falling (see section 2.2). Thereby knowledge can be transferred more effectively (Sheng et al.,
2013, p. 465) and handled more easily (Cowan et al., 2000). This also applies to implicit
knowledge (cf. Roberts, 2000, p. 435; Bouncken/Barwinski, 2020). As a result, it is almost
impossible to preserve tacitness about the resource position (Ghadge et al., 2019) and its

substitutability and imitability will become easier. This leads to further hypotheses:

H2a: The lower the transaction costs of (internal) coordination during digitalization, the lower

is the complexity of the resource position.

H2b: The lower the transaction costs of (external) coordination during digitalization, the less

tacit is the resource position.

(3) Effects of increasing participation in new value-adding networks (structural

ecosystems) during digitalization

In new value adding networks (structural ecosystems) complementary resources lead to an
above-average value increase (Kim/Finkelstein, 2009, p. 619). As a result of resource bundling,
a superordinate value proposition is created (Feldmann, 2002, Nalebuff/Brandenburger, 1997),
i.e., the value created by the resource position in the market (Section 2.2) increases. Those
complementary resources for shared value creation are embedded within the structural
ecosystem and restricted to fewer areas of application. Their value decreases outside the
ecosystem. Therefore, the specificity of the resource position rises in shared value-adding
networks (Smart et al. 2007). Also, the complexity of the resource position rises because of the
large number of new connections between the partners in the ecosystem (cf. Dejgaard, 2000;
Lee et al., 2015) which is difficult for outsiders to understand and copy (cf. Kamasak, 2017, p.
256). In digital platforms (e.g., social media platforms) it is also easier to transfer implicit
knowledge between the network partners (cf. Roberts, 2000), because intense interaction
facilitates knowledge transfer (Chung, 2015). However, it, therefore, passes out of the
individual company (Karhu et al., 2018). Tacitness about the resource position is thereby

reduced (Zander/Kogut, 1995). The following hypotheses can be argued:

H3a: The stronger the interaction with external partners via technical platforms in new value-
adding networks (structural ecosystems) during digitalization, the more value is created

by the resource position in the market.

H3b: The stronger the interaction with external partners via technical platforms in new value-
adding networks (structural ecosystems) as a result of digitalization, the higher is the

specificity of the resource position.
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H3c: The stronger the interaction with external partners via technical platforms in new value-
adding networks (structural ecosystems) during digitalization, the higher is the

complexity of the resource position.

H3d: The stronger the interaction with external partners via technical platforms in new value-
adding networks (structural ecosystems) during digitalization, the less tacit the resource
position becomes.

3.2 Effects of Digitalization on the Requirements for Operational Capabilities on their

Advantageousness

The requirements for operational capabilities contribute to creating advantages and are
therefore advantageous (see section 2.2). In Section 3.1 we explained that the impacts of
different effects of digitalization on the resource position’s specificity, tacitness, and adjustment
to the environmental dynamics are clearly positive (on specificity according to hypothesis 3b
and on the adjustment to the environmental dynamics according to hypothesis 1b) or negative
(on tacitness according to hypothesis 2b and 3d). You can use this to clearly influence the

advantageousness of the operational capabilities and three further hypotheses can be argued:

H4: The increasing specificity of the resource position due to digitalization increases the

advantageousness of the operational capabilities.

H5: The greater adjustment of the resource position to the environmental dynamics caused by

digitalization increases the advantageousness of the operational capabilities.

H6: The decreased tacitness about the resource position because of digitalization reduces the

advantageousness of the operational capabilities.

No clear statements can be made about the two other requirements for operational capabilities
ex-ante. There are conflicting effects of digitalization concerning the higher instability of the
market dynamics and the increasing interaction with partners on technical platforms in
ecosystems on the value creation of the resource position in the market (see Hla and H3a). The
same applies to falling transaction costs of internal coordination and increasing interaction with
partners on technical platforms and in ecosystems on the complexity of the resource position
(see H2a and H3c).

In view of these conflicting economic effects, no hypothesis on the overall impact on

advantageousness of operational capabilities can be derived theoretically (cf. Adam/Urquhart,
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2009). Analyzing the overall effect of digitalization, therefore, requires an exploratory
empirical study (Gruber et al., 2010).

4. Empirical Study

4.1 Approach

To examine the relationships between the variables and the underlying hypotheses further,
structural equation modeling was performed and a PLS (Partial Least Squares) approach using
SmartPLS software to analyze the data gathered (cf. Hair et al., 2011). This approach is suitable
for both formative and reflective measuring models (Bollen/Lennox, 1991). The existing
analysis model is based on the one hand on reflective measurement models of exogenous
variables on environmental dynamics, relating to internal and external transaction costs and to
participation in value-adding networks (structural ecosystems) as well as the endogenous
variables on the advantageousness of operational capabilities. On the other hand, formative
measuring models are used for the intervening variables relating to value creation in the market,
specificity, complexity and tacitness about the resource position and for the adjustment of the
resource position to the environmental dynamics. The individual constructs were transferred to

a structural equation model (see Fig. C-1).

Ld ]
4 N Hia Value creation by | /T ] ———  Conclusive hypothesis derivation
_ Increasing instability of the resource
environmental dynamics position in the  |° m ------- + No hypothesis derivation due to
3, market . lack of theoretical foundation
H3a* .
+ Reinforcing effect
e, ‘\\ - Contrary effect
Specificity of
resource position
H3b*

b, .
) Falling TAC of H2a* Complexity of
internal & external resource nosition
coordination H3c}, P
Advantage of
H2b*
Tacitness of
resource position
H3d-
[ Increasing participation in H1b* Adjustment of
new value-adding resource position to
networks (structural environmental
Cq ecosystems) dynamics

Fig. C-1: Analysis model (source: own compilation)



Chapter C: Assessing the Impact of Digitalization on Operational Capabilities 76

4.2 Operationalization of the Variables

The construct of the environmental dynamics is operationalized based on Davis et al. (2009).
This operationalization encompasses the speed (ai-3), unpredictability (as-s), complexity (az-o),
ambiguity (ai0-12) of changes in processes, goods and services, and business models (cf. also
Knobbe/Proff, 2020). The construct of the transaction costs of internal and external
coordination caused by digitalization is operationalized via the coordination costs (b1-4), search

costs (bs.7) and the process risk (bs-11) based on Benslimane et al. (2007) and Hong et al. (2010).

A wider scope of action for participation in value-adding networks (structural ecosystems) was
operationalized on the basis of Adner’s understanding (2017). The construct is described using
the following four items: enlargement of the scope of action for corporate adjustment with a
superordinate value-adding network and for cooperation with a defined group of partners with
shared value-adding objectives, and an increase in the scope of action for network interaction
with several partners and through the creation of a shared improved customer solution (C1-4).
The construct of value creation of the resource position in the market is operationalized based
on Nothnagel (2008) through the contribution of the resources to efficiency, cost, quality and
customer satisfaction (di-4). The construct of limited substitutability and imitability is divided
up into the sub-constructs of specificity, complexity and tacitness as in the understanding of
Reed/de Filippi (1990). On the basis of Simonin (1999), the resource position’s specificity is
operationalized with investments in machinery and plant (e1) and competent employees (e2).
For the resource position’s complexity and tacitness, single-item operationalizations are used
(larger number of interdependent persons and processes (es), reduced documentability of
technology and process knowledge (es)). Single-item operationalization is a permissible
alternative to multi-item measurements (cf. Drolet/Morrison, 2001 and Bergkvist/Rossiter,
2007) and has become established in strategic management research (Boyd et al., 2005). The
construct of adjustment to the environmental dynamics is operationalized according to
Hult/Ferrell et al. (1997), Proff (2005) and Skerlavaj et al. (2007) with a sufficiently fast
reaction to environmental changes (f1), knowledge absorption and processing (f2), marked

teamwork (f3) and decentral management structures (fs).

The advantageousness of the operational capabilities is operationalized in accordance with
Teece (2017) by improvement in the employees’ knowledge (g1), the plant and equipment (g2),
the processes and routines (gs) and the administrative coordination (gs). The improvement in
profitability and total turnover was also asked for in order to measure the EBIT impact (gs) and

(96). The significance of all items was surveyed in relation to digitalization and on the basis of
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a 7-point Likert scale from “Totally agree” to “Totally disagree”. (For example Item a7:
“Operational business in your company has become more complex in the course of
digitalization”.) In addition, control questions (ki — Ks) were asked about the company’s

industry, annual turnover and the number of employees.

4.3 Study Group

An online survey of capital-intensive German companies was conducted for the study. A total
of 200 responses were received. All of them were useable and available for subsequent analysis.
After an examination of the control questions, the sample was made up as follows: automotive
(25.5%), chemicals (13.5%), electronics (7%), industrial products (34.5%), logistics (16%) and
other (3.5%). 144 participants in the study were from senior management, 56 worked in middle
management. All the companies had a turnover above €50 million, 52.5% of them actually over
one billion. Only two companies had fewer than 250 employees. Due to its cross-industry
character (Li/Greenwood, 2004) and the large amount of useable responses (Chin/Newsted,
1999) the sample size is representative.

5. Results and Discussion

5.1 Analysis of the Results

In the course of analyzing the construct with SmartPLS, the reflective and formative measuring
models were checked for validity and reliability (cf. Tables C-1 and C-2). The quality criteria
of the reflective measuring models are fulfilled according to Cronbach’s alpha (o > 0.7; cf.
Schmitt, 1996). Indicator reliability is given due to the loadings of all items greater than 0.5 and
is statistically highly significant at p <0.001 (cf. Hair et al., 2010). Because the average variance
extracted (AVE) for each construct is more than 0.5 and the composite reliability > 0.6, the
convergence criteria of the reflective measuring models are fulfilled (cf. Bagozzi/Yi, 1988;
Fornell/Larcker, 1981).

Constructs Items Loading CA CR AVE
Environmental dynamics 12 0.584 — 0.823 0.920 0.931 0.532
TAC (int./ext. coordination) 11 0.633 — 0.795 0.906 0.922 0.518
Participation in networks(ecosystems) 4 0.871 —0.897 0.907 0.935 0.782
Advantage of OC 6 0.548 — 0.876 0.859 0.894 0.592
CA = Cronbach’s Alpha, CR = Composite reliability, AVE = Average variance extracted

Tab. C-1: Cronbach’s alpha and convergence criteria (source: own compilation)
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Because the correlations are less than the root of the average variance extracted (AVE) in the
principal diagonals (see Tab. C-4 in the appendix; Fornell-Larcker-Criterion; Fornell/Larcker,
1981, p. 46) and each item loads significantly higher on its own construct than on all other
constructs (see Tab. C-5 in the appendix; cross-loadings of reflective constructs; cf. Chin, 1998,

p. 321), discriminant validity of the reflective measuring models is given.

In the inner measuring models, the discriminant validity is shown to have correlations of the
formative constructs with the other constructs of less than 0.9 and validity is therefore given
(see Tab. C-2).

Constructs 1) 2 3) 4) (5) (6) () (8) 9)
(1) Environmental dynamics 1.000

(2) TAC (int./ext. coordination) 0.667 | 1.000

(3) Participation (networks/ecosystems) 0.679| 0.764| 1.000

(4) Perceived value of resource position 0.548| 0.759| 0.759| 1.000

(5) Specificity of resource position 0.526 | 0.606| 0.670| 0.706| 1.000

(6) Complexity of resource position 0.569| 0.508| 0.571| 0.611| 0.631| 1.000

(7) Tacitness of resource position 0.538| 0.567 | 0.501| 0.481| 0.344| 0.298| 1.000

(8) Alignment to env. dynamics 0.544| 0.600| 0.640| 0.743| 0.722| 0.617| 0.395| 1.000

(9) Advantage of OC 0.528| 0.694| 0.690| 0.826| 0.753| 0.635]| 0.385]| 0.800| 1.000

Tab. C-2: Correlation of the latent variables (source: own compilation)

A bootstrap analysis with 5,000 resamples was conducted to test the inner model. Construct
validity of the inner structural equation model is given, because the stated variance R2 for the
endogenous constructs is higher than 0.26 (see Fig. C-2) and can therefore be considered strong
(Cohen, 1988, p.82). According to a collinearity test for the inner model, there is no
multicollinearity, because the variance inflation factor (VIF) is below 5 (see Tab. C-3;
Diamantopoulos/Winklhofer, 2001, p. 272). Fig. C-2 shows the results of the model analysis

including the path coefficients and significances of the relationships.

Items VIF (Items)
Value creation by the resource position in the market 6 1.794 —2.239
Specificity of resource position 2 1.986 — 1.986
Complexity of resource position 1 1.000 — 1.000
Tacitness of resource position 1 1.000 - 1.000
Adjustment of resource position to env. dynamics 4 1.676 —2.144

Tab. C-3: Variance inflations factor (VIF; source: own compilation)
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Fig. C-2: Paths and significances of the model (source: own compilation)

Hypothesis 1la expected falling value creation by the resource position in the market with rising
instability of the environmental dynamics. It has to be rejected, because the results show a weak
and insignificant influence, contrary to expectations (0.129, t = 1.624, p > 0.05). Hypothesis 1b
assumes that the adjustment of the resource position to the environmental dynamics will be
higher with increasing environmental dynamics. Because the path relationship between the two
constructs is strong and highly significant (0.544, t = 8.350, p < 0.001), the hypothesis can be
accepted. The falling transaction costs of internal and external coordination in the course of
digitalization do not show any significant effects on the complexity of the resource position
(0.174, t = 1.373, p > 0.05), hypothesis 2a is therefore rejected. However, they do lead to
reduced tacitness about the resource position (0.442, t = 3.901, p < 0.001). Hypothesis 2b can
therefore be accepted. Increasing collaboration in value-adding networks and ecosystems in the
course of digitalization has a strong influence on higher value creation of the resources in the
market (0.671, t = 9.959, p < 0.001), higher specificity of the resource position (0.670, t =
12.283, p < 0.001) and increasing complexity of the resource position (0.438, t = 3.521, p <
0.001). Hypotheses 3a, 3b, and 3c are therefore accepted. There is no support for hypothesis 3d
because the path coefficient between the increasing collaboration in value-adding networks
(structural ecosystems) shows only a small, insignificant positive influence on tacitness about
resources (0.163, t = 1.241, p > 0.05).

Concerning the connection between the requirements for operational capabilities and the
advantageousness of these capabilities the analysis results show that increased specificity of the

resource position because of digitalization has a significant influence on operational capabilities
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(0.190, t = 2.669, p < 0.05). Hypothesis 4 can therefore be accepted. The results also show that
the increased adjustment of the resource position to the environmental dynamics caused by
digitalization has a highly significant influence on the advantageousness of the operational
capabilities (0.310, t = 3.946, p < 0.001). Hypothesis 5 can therefore be accepted.

The effects of digitalization on the resource position’s tacitness are - in contrast to the
theoretical expectations - not consistently negative (although there are highly significant
negative effects of falling transaction costs (H2b), there is no impact from collaboration in
ecosystems (H3d). Therefore, an overall effect has to be estimated here. Empirical analysis
shows here there is a path coefficient of -0.032 (t = 0.718, p > 0.05) between tacitness about the
resource position and the advantageousness of the operational capabilities. Even though
tacitness about the resource position thus decreases overall, the effect is less than expected. Due
to a lack of significant results, the expected negative influence of digitalization on the

advantageousness of operational capabilities (hypothesis 6) therefore cannot be confirmed.

In accordance with Chapter 3.1 conflicting effects on the value creation of the resource position
in the market arise from digitalization. Therefore, no hypothesis on the overall effect could be
established ex-ante. Empirical analysis shows a highly significant, positive overall effect of the
change in the resource position’s value creation in the market due to digitalization on the
advantageousness of the operational capabilities (0.436, with t = 6.099, p < 0.001).

The complexity of the resource position is also affected by digitalization in different ways in
accordance with Section 3.1. However, the empirical analysis does not show a significant
correlation (0.067, t = 1.170, p > 0.05) here between a digitalization-dependent increase in the
resource position’s complexity and the advantageousness of the operational capabilities.

The overall effect of digitalization on the advantageousness of the operational capabilities can
be measured by a superblock (Tenenhaus/Vinzi, 2005, p. 147) which encompasses the three
latent variables (increasing environmental dynamics, falling transaction costs of internal and
external cooperation, increasing scope for participation in value-adding networks, that is,
structural ecosystems). This superblock variable is measured reflectively here by all indicators
of the three latent variables. The total effect of digitalization on the advantageousness of the

operational capabilities is highly significantly positive here (0.691, t = 17.754, p < 0.001).

5.2 Discussion of the Results

The research was able to show conclusively that, as a result of digitalization, there is a

significantly positive effect from the easier participation in value-adding networks (structural
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ecosystems) caused by digitalization on the advantageousness of operational capabilities. This
is a result, on the one hand, of higher value creation and on the other hand, of the specificity of
the resource position in the market (because capabilities are less substitutable and imitable).
There is also a significantly positive impact on the advantageousness because of the higher
adjustment of the resource position due to increasing environmental dynamics as a result of
digitalization. The participation in value-adding networks (structural ecosystems) also causes
increasing complexity and the falling transaction costs lead to reduced tacitness about the
resource position, but these findings have no negative effects on the advantageousness of the
operational capabilities. Because of that, a positive overall effect of digitalization on the
advantageousness of the operational capabilities results from these partial effects.

Our survey shows that the potential conflict between, on the one hand, falling transaction costs
and easier exchange via platforms, and, on the other hand, the requirements for advantageous
resources for the companies surveyed does not exist. The resulting management implications

are presented in the next section.

6. Implications, Limitations and Future Research

The present study opens the black box of building operational capabilities and makes the
influences of digitalization on individual requirements for the development of these capabilities
transparent. It, therefore, makes a theoretical contribution to understanding the development of
operational capabilities during discontinuous change, which goes beyond previous research

projects.

The results show that companies, which adjust their resource position strongly to digitalization,
can quite definitely build more advantageous operational capabilities. Because the decreasing
tacitness due to falling transaction costs and the increasing complexity of the resource position
due to participation in value-adding networks (structural ecosystems) have very little influence
on the advantageousness of the operational capabilities, the requirement of limited
substitutability and imitability of the resources loses importance in times of digitalization.
Instead, companies can collaborate more in value-adding networks (structural ecosystems, e.g.,
via digital platforms) and contribute resources to these. Then they will build operational
capabilities) together with partners to create a greater value for the customer. Whereas these
capabilities had to be kept as tacit as possible in earlier times, more openness in networks is
now needed for value co-creation in networks. This is a fundamental transformation for many

companies. At the same time, however, it is observable that large technology companies are
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protecting their original algorithms (distinctive capabilities) strongly in shared platforms and
not passing all of them on (cf. the discussion on co-opetition, e.g., Nalebuff/Brandenburger,
1997, Cozzolino/Rothaermel, 2018), which is why the question of value distribution among the

ecosystem partners (Jacobides et al., 2018) still has to be considered (Nambisan, 2018).

Further limitations in the present study lie both in the conflicting effects of the impact of
digitalization and in the composition of the sample. Additional theoretical studies are needed
here to explain the conflicting effects. Furthermore, the size of the sample, with 200 companies
surveyed, cannot represent a full study of the influence of the digitalization which is in operation
across the globe. A larger sample including international participants is needed, first to improve
the generalizability of the results, and second to highlight country-specific differences in results.
Only capital-intensive companies were surveyed. A comparison with companies from the
software and telecommunications sector may enable a cross-industry comparison. Also, a study
for comparing B2B and B2C companies can explore differences in the impact of digitalization
on the advantageousness of the operational capabilities, because there are deviant approaches

concerning digital transformation (lankova et al., 2019, Lépez-Lépez/Giusti, 2020).

Appendix
@) 2 ©) 4)
(1) Participation (networks/ecosystems) 0.885
(2) TAC (int./ext. coordination) 0.761 0.718
(3) Environmental dynamics 0.673 0.659 0.729
(4) Advantage of OC 0.686 0.693 0.521 0.771

Tab. C-4: Discriminant validity assessment (diagonal values are square root of AVE, source: own
compilation)
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Constructs (1) (2) (3) (4)
a 0.651 0.536 0.551 0.466
a 0.793 0.544 0.594 0.463
a3 0.744 0.505 0.504 0.367
ay 0.619 0.358 0.274 0.211
as 0.584 0.320 0.279 0.201
(1) Environmental dynamics % 0.653 0-339 0311 0275
a; 0.732 0.455 0.489 0.401
ag 0.802 0.505 0.562 0.396
ay 0.823 0.493 0.600 0.458
aig 0.774 0.511 0.482 0.413
ag, 0.772 0.571 0.549 0.384
a 0.757 0.574 0.496 0.392
b, 0.402 0.633 0.496 0.539
b, 0.399 0.661 0.562 0.560
b, 0.442 0.729 0.582 0.607
b, 0.557 0.780 0.644 0.635
b 0.509 0.725 0.527 0.440
(2) Falling TAC (int./ext.) be 0.481 0.717 0.508 0.422
b, 0.481 0.659 0.459 0.414
bg 0.455 0.723 0.465 0.424
by 0.393 0.725 0.518 0.491
b1o 0.531 0.751 0.608 0.483
by, 0.581 0.795 0.642 0.491
Cy 0.621 0.680 0.888 0.633
(3) Increasing partic. in networks € 0.580 0.675 0871 0.560
C3 0.605 0.657 0.880 0.596
Cy 0.594 0.688 0.897 0.647
o 0.352 0.542 0.526 0.817
g, 0.411 0.586 0.569 0.856
(4) Advantage of OC O3 0.491 0.611 0.603 0.876
Ja 0.466 0.596 0.569 0.870
Os 0.377 0.450 0.472 0.576
Je 0.367 0.402 0.475 0.548

Tab. C-5: Cross-loadings of reflective constructs (source: own compilation)
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Executive Summary

Multinational companies simultaneously try to facilitate the internal transfers of operational
capabilities without disclosing them to external stakeholders. To mitigate this tension, the
decentralization of the decision-making and information richness of communication
mechanisms are balancing parameters that can be regulated appropriately. Since digitalization
has changed the coordination and interaction in intra-firm transfers, both balancing parameters
need to be optimized. The present study examines how to adjust decentralization and
information richness in times of digitalization by drawing on an exploratory single-case study
approach in a German industry company. This research identified six sub-parameters set
differently within the company’s digital collaboration platform and video conference
technology network.

Keywords: operational capabilities; capability transfer;  capability  protection;
decentralization; information richness; digitalization; digital collaboration
platform; video conference technology

1. Introduction

Multinational companies (MNCs) generate competitive advantages (Argote & Fahrenkopf,
2016) if there are many intra-firm flows of capabilities (e.g., De Castro & Aquino, 2021; Gaur,
Ma & Ge, 2019; Prompreing & Hu, 2021), or, more precisely, operational capabilities (Helfat
& Winter, 2011; and similar Teece, 2014). These are firm-specific sets of skills, processes, and
routines (Cepeda & Vera, 2007) based on valuable, rare, inimitable, and non-substitutable
(VRIN) resources (Barney, 1991). However, these capability transfers within MNCs are facing
a “paradox” (Coff, Coff & Eastvold, 2006): on the one hand, the companies try to facilitate the
transfers of operational capabilities within their organization (e.g., Burmeister, Lazarova, &

Deller, 2016), but on the other hand, they are careful to avoid disclosure to external parties
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(Contractor, 2019; Ritala & Stefan, 2021), e.g., when underlying skills, routines and resources
become transparent to rivals (Hurmelinna-Laukkanen, 2011; Ralston & Blackhurst, 2020).

To mitigate this tension, (I) the level of decentralization of decision-making (Sumelius &
Sarala, 2008) and (I1) the information richness of communication mechanisms (Daft & Lengel,
1986) are considered to be balancing parameters, whereby (I) describes the autonomy of the
transfer participants in their actions (Molina, Lloréns-Montes & Ruiz-Moreno, 2007) and (1)
refers to the ability of the media channel to transmit information and effectively change the

understanding of the receivers (Shaw, Chen, Harris & Huang, 2009).

As digitalization reduces traditional physical boundaries and interdependencies between
organizational units and standardizes communication interfaces (Cano-Kollmann, Cantwell,
Hannigan, Mudambi & Song., 2016; Culot, Orzes, Sartor & Nassimbeni, 2020), it enables more
scope for interaction and coordination in the transfer of operational capabilities (Eisenman &
Paruchuri, 2019; Hagiu & Wright, 2015). In doing so, digitalization also intensifies the paradox
between simultaneously facilitating the transfer of operational capabilities and their protection
from disclosure (Thalmann, Manhart, Ceravolo & Azzini, 2014), thus shifting the focus to the
optimization of decentralization of decision-making and the information richness of

communication mechanisms.

Some scholars have attempted to examine the advantages and disadvantages that come with
leakages of capabilities to externals (Inkpen, Minbaeva and Tsang, 2018; Wadhwa, Freitas &
Sarkar, 2017). Other studies investigated how the internal use of digital tools enhances or
threatens the codifiability of knowledge and capabilities (Coff et al., 2006; Berraies, 2019;
Chatterjee, Chaudhuri, Vrontis & Piccolo, 2021), or they focused on the paradox from the
perspective of inter-organizational transfers (Contractor, 2019; Ritala & Stefan, 2021), and
were anchored, for example, in open innovations research (e.g., Lauritzen & Karafyllia, 2014).
However, these studies do not open the black box of the balance between facilitation and
protection of intra-firm capability transfers, nor do they guide how digital transfer mechanisms
need to be optimized. Therefore, current literature remains on a higher level of consideration in
the context of the trade-off, which neglects the influencing factors of decentralization of
decision-making and information richness in times of digitalization. This raises the following

research question, both theoretically and practically:

RQ: How do MNCs optimize (I) decentralization of decision-making and (11) the information
richness of communication mechanisms to simultaneously facilitate and protect transfers of

operational capabilities in times of digitalization?
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For this purpose, a German-headquartered multinational industrial product company,
characterized by high rates of capability transfer flows between organizational units, was

analyzed in a single-case study (Zhao & Anand, 2009).

The article is organized as follows. Section 2 presents a literature review of the transfer of
operational capabilities, decentralization of decision-making, and the information richness of
communication mechanisms. In addition, the influences of digitalization on intra-firm transfers
of capabilities are discussed. Then, Section 3 explains the research framework applied to
investigate the research question. Section 4 examines the research methodology used in this
study. This is followed by a presentation of the findings in Section 5, and the subsequent
discussion in Section 6. This article ends with a conclusion (Section 7) including theoretical

and practical contributions as well as the limitations of the study.

2. Literature Review

2.1 Transfer of Operational Capabilities

In the literature, operational capabilities are seen as a subset of frequently used organizational
capabilities and thus share a large overlap in attributes (Argyres, 2021; Sheehan & Foss, 2017).
Operational capabilities, in consequence, represent “information-based tangible or intangible
processes that are firm-specific and are developed over time through complex interactions
among the firm’s resources” (Amit & Schoemaker, 1993, p. 35). Ideally, operational
capabilities can generate competitive advantages when they are based on valuable, rare,
inimitable, and non-substitutable (VRIN) resources (Barney, 1991) such as knowledge (Papa,
Dezi, Gregori, Mueller & Miglietta, 2018; Proff 2005).

Operational capabilities can be transferred between organizational units such as the
headquarters and subsidiaries (Jankowska, Bartosik-Purgat, & Olejnik, 2020; Law & Kamo-
che, 2017) or peer subsidiaries of an MNC and have the “ability to globally leverage dispersed
subsidiary specific advantages and to generate new knowledge through a global synthesis of
dispersed knowledge” (Keupp, Palmi¢ & Gassmann, 2011, p.214). The management is
interested in facilitating these transfers, because, on the one hand, the operational capabilities
are bound to complex routines and processes (Bloodgood, 2019; Inkpen, 2008), which means
a separation and documentation (“codification”; Simonin, 1999; Zander & Kogut, 1995) is
difficult (Windsperger & Gorovaia, 2011), or the organizational structures are too centralized

concerning the subsidiary’s management transfer decisions (Nesheim & Gressgard, 2014). On
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the other hand, MNCs also try to avoid operational capabilities becoming transparent to external
parties in the case of spreading the transfer to a large number of receivers (Ritala & Stefan,
2021). Hence, there is a tension between facilitating the transfer of operational capabilities
within the company (e.g., Burmeister et al., 2016) and protecting them from disclosure to
external stakeholders (Contractor, 2019), which is described as a “paradox” (Coff et al., 2006),
and cannot be mitigated in favour of a clear decision for one of the two sides.

However, it can be seen from literature that there are parameters, such as decentralization of
transfer decisions and the information richness of communication mechanisms, which can be
used to reduce the tensions of this trade-off (Molina et al., 2007; Shaw et al., 2009). These two
parameters are presented below.

2.2 Decentralization and Information Richness

The level of (I) decentralization of transfer decisions and (Il) information richness of
communication mechanisms are parameters that influence (facilitate or hinder) the transfer of
operational capabilities (Gaur et al., 2019; Molina & Llorens-Montes, 2006; Nisar, Prabhakar
& Strakova, 2019):

Decision-making decentralization varies between full decentralization and full hierarchy,
whereby decentralization refers to the high level of freedom that an organizational member has
in carrying out his or her activities (Grant, 1997; Molina et al., 2007). Decentralization,
therefore, also influences commitment and cooperation in the transfer of operational capabilities
(Nahapiet & Ghosal, 1998). According to Teece (2000), non-bureaucratic, decentralized,
autocratic, and task-owner-oriented transfer conditions are particularly necessary to facilitate
the transfer of capabilities in MNCs (Molina & Llorens-Montes, 2006). That is, it is difficult to
transfer operational capabilities that are more likely to flow from one organizational unit to
another. In addition, too much decentralization can lead to a lack of clear rules on intellectual
property and security (Luo, 2022), and the transfer processes become uncontrolled and
dissipated in the organization (Ritala, Husted, Olander & Michailnova, 2018). Individual
capability owners might also resist a transfer if their decision-making freedom is too high, for
example, because they fear a loss of uniqueness within the organization (Cabrera, Collins &
Salgado, 2006). The managerial challenge is to balance the two sides: a high level of
decentralization of decision-making to empower the independent creation and dissemination of
operational capabilities within the organization and a low level of decentralization to ensure the

transfer of capabilities in an orderly and safe manner (Andersson, 2003).



Chapter D: Transfer of Operational Capabilities without Disclosure 94

According to the information richness theory (Daft & Lengel, 1986), the effective transfer of
operational capabilities also requires a fit between the codifiability, that is, the level of
documentability of the operational capabilities, and the “richness” of the communication media
or mechanisms (Windsperger & Gorovaia, 2010). Appropriate information richness is shown
in four attributes (Ishii, Lyons & Carr, 2019; Windsperger & Gorovaia, 2010): immediate
feedback, availability of multiple cues (voice, body, gestures, and words), language variety, and
personal focus (transfer of emotions and feelings). Mechanisms that fulfil these attributes
facilitate the sharing of unconcealed tacit knowledge as the basis of operational capabilities
(Szulanski, Ringov & Jensen, 2016) because they can transfer the context of information,
resolve ambiguity, and support understandability (Peltokorpi, 2014). While text-based
communication mechanisms, such as e-mails, have rather low information richness, feedback
can be provided, and body language is shown particularly quickly in face-to-face conversations
(Abbariki, Snell & Easterby-Smith, 2017). Here, the information richness can be described as
very high (Dunaetz, Lisk & Shin, 2015). However, high information richness in communication
mechanisms bears the risk of unraveling the VRIN characteristics of capabilities more easily
(see Section 2.1).

However, the two parameters of (1) decision-making decentralization and (II) information
richness of communication mechanisms are not to be regarded as invariable. Rather, they need
to be adapted to organizational changes (Chatterjee et al., 2021; Contractor, 2019). One of these

changes is triggered by digitalization, which will be explained in the next section.

2.3 Digitalization

Digitalization causes changes in organizations through the increasing use of digital technologies
(Krasonikolakis, Tsarbopoulos & Eng, 2020; Sandkuhl, Shilov & Smirnov, 2020), which leads
to far-reaching socio-technical phenomena and processes of use and adaption (cf. Gray &
Rumpe, 2015; Legner et al., 2017). This wide application of new technologies has also
influenced the transfer of operational capabilities within MNCs, as strictly sequential and
interdependent communication and decision-making channels, for example, within the
relationship between a subsidiary and the parent company, have been dissolved by the
introduction of standardized communication tools (Pefarroja, Sanchez, Gamero, Orengo &
Zornoza, 2019). Consequently, activities can be uncoupled, and decision-making units can
make partial decisions independently (Weyer, Schmitt, Ohmer & Gorecky, 2015). Therefore,
organizational units can be linked to modular systems (cf. Herbst, 2021; Koch & Windsperger,
2017) and thus form temporary, network-like structures, such as connected production systems
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(Lu, Liu, Wang, Huang & Xu, 2020). This also applies to the transfer of operational capabilities
within digital networks which are implemented with the help of software tools, and thus can be
made faster and more far-reaching (Paruchuri & Awate, 2016). Common communication
mechanisms include blogs and wikis (Matos & Lourenco, 2013) or video conference
technologies (Schneckenberg, Truong & Mazloomi, 2015). In the course of digitalization,
platforms are also emerging, such as enterprise collaboration platforms in which interactions
for extensive two-way dialogue among employees are created, including private and social
topics and issues (Lehmkuhl & Jung, 2013). Thus, network attendees create social ties
(Valenzuela, Correa & de Zuniga, 2018) in multilateral relationships between organizational
units (Murray & Peyrefitte, 2007) and consequently build intra-firm networks of employees
(Razzaque, Eldabi & Jalal Karim, 2013). The implementation of these digital networks creates
more scope for interaction and coordination in the transfer of operational capabilities, which on
the one hand allows faster and more frequent transfers with a high number of network
participants and on the other hand also increases the danger of capabilities becoming transparent
to external companies (Hurmelinna-Laukkanen, 2011), which amplifies the risk of the

disclosure of operational capabilities (Krylova, Vera & Crossan, 2016).

Thus, further research is needed on how to mitigate this trade-off which gets intensified by
advancing digitalization. An approach to this is presented in the next section.

3. Research Framework

In this study, a research framework (see Fig. D-1) was applied to investigate the trade-off
between the facilitation of the transfer of operational capabilities and their protection from
disclosure in times of digitalization. This research framework was developed based on the
theoretical foundations in Section 2. At this point, it could be shown that the tensions cannot be
mitigated by a decision in favor of one of the conflicting goals. Instead, one proposition is to
make the trade-off “more favorable” (Teece, 2019) by reducing (Mudambi, 2011) or more
strongly narrowing down the conflict to the level of balancing parameters (Elahi & Yu, 2007;
Winter, 1987), which need to be optimized. In the literature, the two parameters of (1)
decentralization of decision-making and (Il) the information richness of communication
mechanisms are often discussed as having an impact on the transfer and protection of
operational capabilities (see Section 2.2). That is, they can be seen as “third variables”
(Ledgerwood & Shrout, 2011) and sub-parameters. However, the balancing of (I) and (Il) can

range from high to low and always needs to be adapted in consideration of organizational
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changes. As shown in Section 2.3, digitalization can be seen as a cause of organizational change,
which has shifted the transfer of operational capabilities. This means especially the
transformation from traditional bilateral communication (e.g., headquarters and subsidiaries) to
multilateral communication based on software tools, such as collaboration platforms that enable
the coordination and interaction by means of multiple connections and transfer channels (see
Section 2.3).

Therefore, based on the review of the literature in the respective sections the present research
framework focuses on the optimization of the two sub-parameters (I) decentralization of
decision-making and (Il) information richness of communication mechanisms under
digitalization. This research framework, therefore, builds the starting point for the in-depth case
study approach and thus can shed light on the optimization of (1) and (11) from a qualitative

perspective. The underlying methodology is explained in the next Section.

Digitalization
/\ /\
(1.1) High (1.2) High information
(1) Facilitating transfers of decentralization of richness in
operational capabilities \ decision-making 4\ comm. mechanisms 4\
Optimizing | Optimizing Optimizing
trade-off
(11) Protection of operational </ (11.1) Low J (11.2) Low information d
capabilities from disclosure decentralization of richness in comm.
decision-making mechanisms

Fig. D-1: Research framework (Source: own compilation)

4. Methodology

4.1 Case Study Approach

Qualitative research was used that provides in-depth insights into the transfer of operational
capabilities (Mees-Buss, Welch & Westney, 2019; Simons, 2013) by answering “how” and
“why” questions (Yin, 2004). The case in the present research is a worldwide industrial
company headquartered in Germany, generating more than 5 billion euros in sales with more
than 20,000 employees (state of 2022) from over 100 locations. It has diversified its product
portfolios for industrial products. Digital intra-firm networks for the transfer of operational

capabilities have already been implemented.
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4.2 Data Collection

The present study’s data are based on 12 interviews with middle- and top-management
employees who are highly involved in knowledge and capability-transferring activities. The
interviews were conducted following a semi-structured approach with open questions
(Wagstaff, Salvaj & Villanueva, 2020) concerning decentralization of transfer decisions (for
example, “How can participants decide to take part in capability transfers” and “Who is
responsible for the administration of these transfers?””) and the information richness of
communication mechanisms (e.g., “What kind of software do you use in the transfer of
capabilities?” and “Which type of data were transferred?”). Video calls were used for each
interview (Gray, Wong-Wylie, Rempel & Cook, 2020) with respondents from international

company locations, and the interviews were recorded (see Tab. D-1).

Respondent Position at Company Located Duration
A Head of Corporate Business Excellence Headquarters 84 min
B Corporate Excellence Network Manager Headquarters 60 min
C Corporate IT Manager Headquarters 58 min
D Head of Corporate IT Headquarters 58 min
E Corporate Strategy Manager Headquarters 50 min
F Senior Manager Production Excellence Subsidiary 63 min
G Vice President Subsidiary 53 min
H Plant Manager Subsidiary 53 min
I Plant Manager Subsidiary 54 min
J CTO, COO Business Unit Subsidiary 58 min
K Technology Manager Staff Unit 76 min
L Technology Manager Staff Unit 65 min

Tab. D-1: Conducted interviews (source: own compilation)

After 12 interviews with a deep focus on the research question, the point of saturation was
reached, that is, no new information could be gained after this point (Glaser & Strauss, 1967).
The recorded interviews were transcribed for data analysis (Meyer, 2001), resulting in 124
pages of transcription. For triangulation, additional digital artifacts were collected (Eisenhardt,
1989) in the form of software manuals (991 pages) and documents (626 pages), both
demonstrating the functionality and features of the networks. The research team was also

allowed to attend live meetings on intra-firm capability transfers. A researcher with expertise
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in knowledge and capability transfer conducted pretests of the interviews with two employees
from the organization (Ellram, 1996) before the actual interviews were conducted.

4.3 Data Analysis

The analysis was applied to all the available data (interview transcripts, documents, and
software manuals; see Section 4.1) following the principles of inductive qualitative research
(Gioia, Corley & Hamilton, 2013). Open coding was applied (Holton, 2007) and supported with
software (MAXQDA; see Kuckartz & Radiker, 2019) using the constant comparison method
(Corbin & Strauss, 1990). By cycling between the coded data and theoretical constructs and
vice versa, central statements and first-order concepts were generated from the data and finally
grouped into sub-parameters (“second-order concepts”; Langley, 1999; Strauss, 1987, see Fig.
D-2). The results indicate how to set these sub-parameters to optimize (I) the decentrality of
decisions and (1) the information richness of communication mechanisms (see Section 3). For
proof of reliability, research colleagues who performed the coding independently arrived at the
same conclusion (Yan & Gray, 1994).
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Central statements

First-order concepts

Second-order concepts

(sub-parameters)

Avoid transparency of capabilities by limiting number of participants

Limited access for people on business excellence platform (experts only)

Limitation of access

In general no access to externals to any platform

Participants from globally distributed units on technology management
platform

In video networks the presentations can be accessed by many, workshops
for smaller groups only

Expansion of access

In video based networks participation is not dependent on hierarchical
level

Platform software technology can be supported with additional software
for collaboration

Video conference software works with collaboration tools

Additional software

Technology management platform software is browser based for
technical compatibility in every subsidiary

Interoperability of software
infrastructure

Business excellence platform can extract results to global intranet

Compatibility of software

Cloud solutions can be used, but need to be secure

Technology platform is basing on role concepts for administrators

Video conference networks are initialized in headquarters

Central administration

Some video conference networks are self-administrated by community

Business excellence platform is incentivized

Decentral administration

Capability description on business excellence platform is basing on
standardized sheets

Media is limited to pictures, documents, text

Format of information

High level of information on technology platform (to avoid too much
transparency)

Optimizing decentralization

Abstraction of information

Visualization of capabilities and knowledge for quick overview

Visibility of information

Business excellence platform results are available to organization at
highest level (via intranet)

Using English on all platforms

Glossaries for common understanding are used in video conference
networks

Understanding of language

Comments-functionality is given on platforms

Like-functionality is given on platforms

Alignment of sender and
receiver

Social media features will be adapted, but need active administration

Building social ties

Get information about each other with tag-word functionality

In video networks groups are compiled according to background

Complementary background on video-workshops

Complementarity

Optimizing information richness

Digital whiteboard software can improve collaboration

Topic related break-out sessions for focus via conference rooms

Working together

Intensity of collaboration

Platform information is displayed on the intranet (abstract level)

Platform can be designed without interaction (wiki-like storage of
knowledge)

Fig. D-2: Central statements, first-order concepts, and aggregated sub-parameters for the optimization
of decentralization and information richness (source: own compilation)
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5.  Findings

On the one hand, digital collaboration platforms are set up within the case study company in
which participants contribute their best practices or technologies and transfer information to the
community. These platforms are based on enterprise social media technology, where users can
open, edit, and comment on best practices and participate in virtual groups (Gressgard, 2012;
Sun, Fang & Zhang, 2021). On the other hand, networks based on video conferencing
technology are built in which participants deliver presentations or participate in interactive
workshops. Both network types differ in terms of (I) the decentralization of the MNC’s
decisions on transfers and (Il) the information richness of the communication mechanisms,

which can be seen in the three sub-parameters for both (1) and (I1).

5.1 Optimizing the Decentralization of Decision-Making
Sub-Parameter A: Openness of transfer

From the data, it can be seen that the company has defined accessibility to its transfer networks
for the subsidiaries’, and headquarters’ employees to varying degrees. In the case of
collaboration platforms, this parameter is set more restrictively such that only a fixed group of
participants is admitted. Registration was not possible for all employees. For example, the
worldwide business excellence platform for best practice transfers has limited access to
business excellence experts. The company wants to keep the number of transfer participants

manageable, thereby avoiding the circulation of capabilities in an uncontrolled manner.

Capability transfer networks based on video network technology extend beyond the usual one-
to-one conversations in normal calls and act more like “communities of practice” (Roberts,
2006). Meetings normally take place with 10 to 15 participants and therefore have smaller
characteristics. The openness of transfer is high and is based on a voluntary exchange of
capabilities so that participants benefit from free (i.e., intrinsically motivated) interaction and
the formation of social relationships (Lave & Wenger, 1991). That is, network members from

different subsidiaries are free to transfer their capabilities, as respondent B stated.

“[...] and by the foundation of these networks people from different company locations can
meet on [video conference software], and can talk to each other, and can share capabilities

very well.”

Participants’ access is granted without restrictions concerning their hierarchical level or
affiliation to a corporate division, and the interaction can occur in webinars and lectures, mainly

in smaller groups, so that conversations are easy to manage.
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Sub-Parameter B: Interoperability of Software Infrastructure

The company uses a standardized collaboration platform and video-conferencing technologies
in which the central headquarters or leading subunits have decided to implement and meet the
requirements specified by the top management. Both network types have the possibility of
expansion. In collaboration platforms, software usage is browser- and cloud-based, because
standard interfaces (see Section 2.2) can enable compatibility with a broad range of global IT

systems, as can be seen from respondent L.:

“The software is cloud-based software, which we deliberately chose. Because we need to have
a cross-group tool, and because our group has different IT architectures, which then cannot
always connect to one solution. Therefore, a cloud-based solution that is accessible through

the browser.”

However, independent use of additional software is not possible. Instead, only software
extensions that work together with existing infrastructure (add-in tools) can be used. By doing
so, the software variety is expanded to a predetermined pool of products, applications, and
additional tools that have been proven to be secure. This ensures that the transferred capabilities

remain within controllable environments and that the transfer processes are stable.

In transfer networks based on video call technology, standardized software can be expanded for
functionality up to a certain level, for example, if more collaboration is needed. Additional
software was used in parallel. Therefore, communities can individually decide whether an
additional browser-based collaboration tool should be added, such as Mural (Mural Enterprise,
2021), which supports the joint creation and editing of content and information. This affords
users more freedom than would be possible with proprietary solutions, leading to improvements

in meeting their expectations and increasing their satisfaction (Wang & Li, 2012).

Sub-Parameter C: Allocation of Transfer Administration

Networks that transfer capabilities based on collaboration platform technology or video
technology are implemented within the company from the headquarters or by leading
subsidiaries, but administration differs according to the size and underlying technology of these
networks. Big transfer networks based on platforms (e.g., best practice sharing in a narrowly
defined subject area) are administered by a central subsidiary, which uses a reward system
based on performance points to track and incentivize transfer activities, as respondent F

explained:
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“Sharing knowledge of best practice and lessons learned is part of our excellence system, and
that is assessed in assessments, and if the factories don’t do that [...] then he [transfer

contributing subsidiary] gets fewer points.”

Incentivization often occurs when there are too few network participants to generate a steady
flow of contributions or when they have little motivation to share the information on their own
(Friedrich, Becker, Kramer, Wirth & Schneider, 2020). Especially at the beginning of the
formation of such platforms, incentivization is a solution to generate both secure and traceable
transfer activities, as well as adequate engagement from the participants. Centralized
administration with incentivization for transfer activities mediates these networks, creating an
artificial impetus for transfers. On some platforms that have reached a certain size, the central
units cannot handle the administration alone because the traceability of activities across the
growing network requires too much capacity. Therefore, globally accessible platforms are
based on role concepts, meaning that certain community members become administrators

acting as moderators, who can still maintain connections to top-level administrators.

In contrast, video-technology-based transfer networks are implemented from the headquarters
to staff offices but can move from centrally administrated to self-administered governance (i.e.,

managed independently by the community). Respondent A stated:

“We see that the members of the network access the colleagues in the excellence network as a
source of solutions for their daily business as if it were a matter of course. [...] This means that

beyond the formal events, independently developing networks emerge here.”

In this case, people from different subsidiaries of the network are part of the transfer network
and are also responsible for coordinating transfer processes and content.

5.2 Optimizing Information Richness in Communication Mechanisms
Sub-Parameter D: Abstraction of Information

The case study company’s collaboration-platform-based transfers contain information with
reduced details only. Even though more detailed information can be transferred, the storage of
capabilities is based on superficial and standardized input options with a higher degree of
abstraction so that sensitive data and information do not become too transparent in the
organization. This kind of “anonymization” (Alaméki, Aunimo, Ketamo & Parvinen, 2019) of
content decreases the information richness and is chosen in such a way that the stored

capabilities still provide a basic understanding of the underlying principles and functionalities;
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more detailed information is deliberately transferred only if there is interest in a bilateral
exchange, which is handled via other channels. Respondent L confirmed this as follows:

“However, technical documents or drawings are never exchanged on the platform. This is not
done via the cloud, but is exchanged bilaterally between the experts using internal

communication channels.”

In comparison, networks based on video conference software enable the transfer of operational
capabilities with greater language variety and a higher number of cues and channels (Daft &
Lengel, 1986), which is typical in video face-to-face interactions. Thus, even capabilities in a
highly complex context can be explained by these mechanisms. Because the group of
participants in workshops, in particular, is small compared to the potential number of people in

platform-based solutions, the risk of uncontrolled transfer of capabilities remains low.

Sub-Parameter E: Alignment of Sender and Receiver

On the company’s collaboration platforms, participants can add keywords, ratings, comments,
and linkages to information on capabilities, and the sender and receiver will automatically get
in touch after a search inquiry. In particular, because the organization is increasingly based on
the globally distributed expertise and knowledge of individuals (see also Caldwell, Palmer &
Cuevas, 2008), the company’s platforms can connect members if they have shared interests or
complementary capabilities. According to Sheer (2011), even though these exchange channels
offer limited opportunities for transmitting social information compared with face-to-face
communication, their multiple features (e.g., commenting, rating, and sharing) make it easier
to build relationships and build up social-emotional cues (Daft & Lengel, 1986). In the future,
the company intends increasingly to rely on algorithms with artificial intelligence analyzing
each documentation of capabilities to make accurate recommendations as to which capabilities

need to be transferred to which persons. According to Respondent D,

“[This technology can] evaluate the information that I have and target it in the group or on an
employee’s intranet page who then says he is interested in the following points, and then he
gets a tech cloud, and there is the intelligence behind it. These are new ways to display relevant

’

information. [...] New topics are suggested to me.’

In comparison to collaboration platforms, the company’s video-based networks offer the
possibility of face-to-face interaction, which can enable rapid feedback related to information
richness (Daft & Lengel, 1986). In these networks, wikis and glossaries as well as user profiles

are created to improve participants’ understanding of the topics issued in the network, where
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prior knowledge is required. As a result, not only are the participants always involved and they
co-determine the content of the transfer networks, but also the alignment of participants to

network goals is stronger than on digital platforms.

Sub-Parameter F: Intensity of Collaboration

The transfer of capabilities via the digital collaboration platform focuses on the unilateral
sharing of information and is based only on delayed feedback because there is a time lag
between members’ contributions, which prevents instant answers and communication (Dennis
& Kinney, 1998). Consequently, platform transfers are mainly utilized to document best
practices and publish them within a circle of participants. Collaboration occurs at a low level
through comments, supplementary entries, or shared documents edited by the community. On
the one hand, this hinders the deeper co-creation of capabilities, but on the other hand, it can
keep the collaboration documentable and thus prevent uncontrolled and overhasty

dissemination of content.

For more intensive collaboration with multilateral interaction, video-technology-based
networks enable the transfer of operational capabilities with greater language variety and a
higher number of cues and channels (see Daft & Lengel, 1986). This allows people with
different background knowledge to interact better with each other and exchange the character
of a workshop in which content is developed jointly. Respondent C said:

“Because we do everything at [video-call software] and [...] said we would take people from

our network top-down to the technical basis so that we can work in a workshop format.”

In the course of this communication, participants can not only document their already known
capabilities but also, by bringing in complementary knowledge, co-create completely new
capabilities (“value co-creation”; Vargo & Lusch, 2008) outside their daily work. In this
context, additional collaboration software is used in the case company, which people can use in
different groups (e.g., on a blackboard or a mind map) and present the results together, giving

immediate feedback.

6. Implications

The findings from the present study show six parameters behind (1) decentralization of decision-

making and (I1) the information richness of communication mechanisms, which optimize the
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facilitation of intra-firm transfers of operational capabilities and their protection from disclosure
to externals in times of digitalization (see Fig. D-3).

infrastructure

Sub-Parameters Digital collaboration platform Video-technology network
A . T
Openness of Restricted access to platforms, background related Open access, voluntary participation,
- transfer (i.e., experts only) interdisciplinary composition
o
25
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collaboration of capabilities workshop mode

Fig. D-3: Adjustments of sub-parameters for optimizing decentralization and information richness of
capability transfers (source: own compilation)

Accordingly, decentralization in decision-making regarding the transfer of operational
capabilities can be optimized by adjusting A) the accessibility of the transfer activities
(“openness of transfer”), B) the level of autonomy to expand the software functionality or
compatibility that is used in communication (“interoperability of software infrastructure”) and
C) the responsibility for the administration of the transfers (“allocation of administration). The
information richness of communication mechanisms in transfers of operational capabilities can
be optimized by adjusting D) the depth of details of the transferred information (“abstraction of
information”), E) the characteristics of the alignment between the sender and receiver of the
capabilities (“alignment of sender and receiver”), and F) the intensity of collaboration, for

example, when co-creating capabilities together.

The results provide initial indications of how the sub-parameters will be designed within the
two basic technologies of collaboration platforms and video-conferencing for the transfer of
operational capabilities. Companies can adjust (I) the decentralization of their decisions in the
transfer of operational capabilities via collaboration platforms through limited access
management for participants (A), a controlled extension of the software infrastructure without
foreign additional tools (B), and a shift of administration to moderators in the case of larger
numbers of participants on collaboration platforms (C). (I1) Information richness in platform-

based transfers can be optimized with abstract information sharing only (D), enabling the
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alignment of participants by (increasingly automated) matching their common interests and
improving personalization (E). Moreover, companies might accept delayed collaboration
functionality (F), which minimizes the risk of the rapid spread of sensitive content that occurs
when communication is left completely dynamic and in real-time. For this reason, collaboration
platform technology in the MNC is mainly used for the transfer of best practices to larger groups
of participants (e.g., in the sharing of best practices in business excellence).

Furthermore, MNCs can optimize their (1) decentralization of decision-making in the transfer
of operational capabilities via video conference software by providing open access for
participants (A), allowing additional software for enhanced functionalities that can improve
collaboration (B), and outsourcing the administration of transfers to the community (C). (I1)
Information richness of communication mechanisms is facilitated by allowing detailed
information sharing (D), improving mutual understanding in smaller groups (e.g., by writing
glossaries) (E), and enabling bilateral and live collaborations for strong co-creation of
capabilities (F). That is, video conference technology-based networks facilitate the transfer of
particularly complex operational capabilities and can create new capabilities in smaller groups
of participants such that sensitive information is contained within a well-defined circle of

involved participants.

7. Conclusion

7.1. Theoretical Contributions

This article has investigated the paradox between facilitating the intra-firm transfers and the
protection of operational capabilities from becoming lost to externals in times of digitalization.
So far, in the literature, this trade-off has been treated as a black box and has not been examined
in detail by considering balancing factors for digital communication mechanisms (see Section
1). By narrowing down the trade-off with the introduction of “third variables” as balancing
parameters (Elahi & Yu, 2007; Ledgerwood & Shrout, 2011), which includes optimizing the
(1) decentralization of the MNC’s decisions and (II) the information richness of communication
mechanisms, this study could provide a theory-based approach to mitigate the paradox. In
general, the findings have contributed to a better understanding of the theoretical constructs of
decentralization and information richness under digital impact. In particular, six sub-parameters
for the optimization of the balancing parameters were identified. Thus, the present case-study
results extend the previously generically described understanding of decentralization of

decision-making (e.g., Grant, 1997) and information richness (Daft & Lengel, 1986) and apply
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it to the design of digital capability transfer networks, in which the balance between transfer
and protection of operational capabilities are optimized. The identification of sub-parameters
for (1) and (I1) can thus also provide a fundamental basis for operationalizations in quantitative

empirical research in the field of digital intra-firm knowledge or capability transfers.

7.2. Practical Contributions

The findings from the single-case study revealed six sub-parameters of (I) decentralization of
decision-making and (1) the information richness of communication mechanisms, which can
help the management of MNCs, to adjust their digital capability transfer networks. In particular,
practical indications were provided, on how to design digital collaboration platforms and video
conference networks that can improve the transfers, but without losing capabilities to externals
(mitigation of the “paradox”; Coff et al., 2006). The findings show that to transfer operational
capabilities in networks with many participants, but without uncontrolled content distribution,
collaboration platform-based networks with a balancing parameter setting of lower
decentralization and information richness would be appropriate. In contrast, for collaborative
exchanges among participants and intensified interactions in smaller groups, video-based
networks with parameters that lead to high autonomy and information richness could be the
most suitable choice for MNCs. For both platform-based networks and video-based networks,
the present research could provide concrete recommendations for implementation (see Section
6). Thus, the findings will not only contribute to the identification of design parameters for
balancing the trade-off but can also be a preparation for the establishment of virtual
organizations (Choi & Cho, 2019) in the medium term or the transfer of knowledge and
capabilities in increasingly discussed metaverse organizations (Choi, 2022) in the future.

7.3. Limitations

Despite the contributions of this study, several limitations should be considered in future
research. Due to the non-representative nature of the sample, the data collection process might
be subjective and cause research bias (e.g., when identifying interview partners and conducting
the interviews). Hence, the findings should be considered with care (as initial indications that
require further quantitative research), since they do not provide general validity. In addition,
other sectors or industries may have different digitalization impacts and capability transfers
than those in the present study. Future research could therefore also apply a quantitative
research approach to include a larger number of participants and allow conclusions to be drawn

about the generalization of the results.
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Chapter E: Conclusion

In the motivation (Section 1 of Chapter A) of this thesis, it has been demonstrated that
digitalization is a significant challenge for traditional (capital-intensive) industry companies
(Rahmati et al., 2021; Riemer and Johnston, 2019). In particular, German industries such as,
e.g., manufacturing, automotive, or chemicals and pharma companies have to cope with the
impacts of digitalization on their operational capabilities (Manhart and Thalmann, 2015; Tan et
al., 2015), which now are at risk to become obsolete during times of disruptive change (Lenka
et al., 2016). Not only the management of these traditional companies is neglecting a holistic
point of view regarding their status quo of digitalization and their contribution to the company’s
performance (Hess et al., 2016). But also, they cannot see the urgency to sustain the
advantageousness of their capabilities (Kumar et al., 2016). However, there is only insufficient
research on the economic effects of digitalization, and their impacts on the creation and transfer
of operational capabilities from a theoretical perspective (Teichert, 2019; Thordsen et al., 2020;
Koch and Windsperger, 2017). These problems could be incorporated into a research

framework that was leading the investigation of this thesis (see Fig. A-2).

1.  Summary of the Results

The economic impacts of digitalization (research question 1) were the origin of the three
empirical studies in this thesis and could be attributed to the increasingly rapid development of
the internet- and communication technologies. The economic impacts could be explained by a
tremendous increase in the environmental dynamics (Cozzolino and Rothaermel, 2018; Kane
et al.,, 2016), which can be seen in the market or business environments characterized by
volatility, unpredictability, complexity, and ambiguity (“VUCA”, Bennett and Lemoine, 2014;
Cousins, 2018). Furthermore, it was shown by explanations of economic interdependence, that
digitalization standardizes interfaces between traditional value chain activities (Gulot et al.,
2020) and reduces interdependencies between the chain activities to a certain level (cf. Cano-
Kollmann et al., 2016; Cyert and March 1963). Because decision-making units can act more
independently (Weyer et al., 2015) the coordination of internal and external stakeholders can
be operated at low transaction costs (Hagiu and Wright, 2015). And considering the theory of
multisided markets, the establishment of digital platforms (Kapoor et al., 2021) facilitates a
much stronger interaction of more than two players (cf. Wagner et al., 2021; Gawer, 2014).
Hence, the collaboration of, e.g., customers, partners or suppliers gets intensified (Adner and
Kapoor, 2010). While the interacting parties, such as buyers and sellers (Rochet and Tirole,
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2003), can benefit from complementarities (cf. Huth, 2015) or network synergies (cf. Jacobides,
2018; Hannah and Eisenhardt, 2018) in so-called ecosystems (Adner, 2017), they can co-create
and capture value in competition (Vargo and Lusch, 2008; Gans and Ryall, 2017).

It was demonstrated that these economic impacts force traditional companies to improve or
even completely renew their processes, products and services, and business models (Scott and
Orlikowski, 2021). In consequence, the firms also need to review and update the status quo of
their digital capabilities to maintain their competitiveness (Kamalaldin et al., 2020; Teece,
2018; Lenka et al., 2017) and tap the potential enhancements in profitability (research question
2a). By drawing on a maturity assessment analysis in Chapter B (de Bruin et al., 2015; Azizian
et al., 2009) which is based on a digital maturity index (DMI) comprising strategic (digital
business index and dynamic capability index) and operational sub-indices (digital activity index
and operational capability index), the status quo of digitalization in 160 German traditional
companies was measured. Showing an average level of 3.92 out of 7 (1, no digitalization, up to
7, full digitalization) the results revealed room for improvement. Therefore, it not only could
be shown that the affected companies are boosting the digitalization not enough. But also, the
respondents barely perceived a contribution to profitability (EBIT rise). For the majority of
companies (44%), there was a small EBIT improvement of as little as 5% or less. However,
21% of the firms also noted an improvement of 15% or more, and respondents with higher
revenues have already achieved more advanced levels of digital maturity. It became clear that
digitalization can make a positive contribution to company’s profitability but exploiting this
potential is capital-intensive. In more detailed results, six archetypes of digital champions, high
potentials, innovators, optimizers, and followers could be aggregated from cluster analysis,
ranging from 1.6 (laggards) to 6.4 (champions) of digital maturity.

By comparing these archetypes regarding their sub-indices, paths for incremental improvement
in maturity were derived (research question 2b). The results, in particular, could show that
companies with a lower level of digital maturity (such as laggards and followers) are behind in
the field of operational capabilities (with averages of 1.62, and 3.16), while stronger companies
have already made remarkable progress here (5.08 for high potentials, and 6.43 for champions).
The results of the maturity assessment thus point out, that the thorough creation of (digital)
operational capabilities is one of the key activities to keep up with the already more advanced
companies in times of digitalization (Hunt and Madhavaram, 2020). The results were therefore

the basis for further investigations.
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Nevertheless, the creation of new operational capabilities in general is affected by the impacts
of digitalization (research question 3a). In Chapter C, it could be seen from a structural
equation analysis of 200 German traditional companies that the total effects of digitalization on
the creation of operational capabilities was positive. In this regard, more in detail research could
reveal that the significance of the requirements for the creation of operational capabilities is
shifted in times of digitalization. That is, meeting the requirements of VRIN characteristics and
the adaption to environmental dynamics has changed (Barney, 1991; Day and Schoemaker,
2016; Eller et al., 2020). In this context, results could make clear that companies are adapting
the capabilities’ underlying resources to the dynamic environment even stronger to avoid a
mismatch of external impacts and the operational capability base. In contrast, the decreasing
tacitness due to lower transaction costs caused by digital standardization, as well as the increase
in complexity in the case of larger activities in value-creating networks that come from the net-
like integration of the resources, do not have a significant impact. Beyond that, exposing the
capability’s underlying resources to value-creating networks, such as ecosystems (Adner, 2017)
can increase the specificity and value creation of the resource position.

The results of this study thus could show that stronger adaption to the environmental dynamics
as well as the participation in value-creating networks contribute to an improvement in the
advantageousness of the operational capabilities (research question 3b). In particular,
companies can benefit from the creation of operational capabilities in times of digitalization, if
they follow an approach that is less compartmentalized and isolated within the company. In this
context they can expose certain resources to external partners and enable the co-creation of
capabilities in networks. However, this highlights the importance of the remaining strategically
important resources and operational capabilities. Their advantageousness is dependent on their
internal transferability (“scaleability”; Giustiziero et al., 2021) and their protection from

becoming disclosure (Alexy et al., 2018).

The facilitation and protection of operational capability transfers results in in a trade-off (see
Coff et al., 2006; Ritala and Stefan, 2021). It gets intensified under the impacts of digitalization
(research question 4a), since mainly the greater autonomy of decision-makers in transfers
improves internal coordination but also digital platforms open up untapped opportunities for
interaction. Therefore, balancing (1) the decentralization of decision-making in transfers and
(1) information richness of communication mechanisms can mitigate the trade-off (Gaur et al.,
2019; Molina and Llorens-Montes, 2006; Nisar et al., 2019) but the companies need to optimize
these parameters according to the digitalization impacts. The results from a single case study

(Yin, 2009; Yin, 2015) on a traditional German manufacturing company in Chapter D identified
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six sub-parameters of (I) and (II) in total that were optimized in the company’s transfer networks
based on digital platforms and video-conference technology. On the one hand, (I) the
decentralization of decisions can be optimized by openness to transfer, interoperability of
software infrastructure, and allocation of administration of the transfer activities. On the other
hand, (I1) the information richness was optimized by different levels of abstraction of the
transferred information, alignment of sender and receiver, as well as the intensity of

collaboration.

The results show, that by reshaping their decentralization and information richness under the
influence of digitalization, companies can transfer their strategically important operational
capabilities more easily within the organization, while still safeguarding them against
disclosure (research question 4b). Therefore, they can adjust the sub-parameters of (I) and (I1)
identified in the case study differently within their transfer networks depending on the
underlying communication technology: the company uses platform-based networks with low
decentralization and information richness for the transfer of operational capabilities in the case
of many participants being involved and avoids the risk of content distributed uncontrollably
(Ritala et al., 2018). In contrast, the company is relying on video-based networks for
collaborative exchanges between participants and more intensive interaction in smaller groups
that need more freedom to transfer. In this case, the balancing parameters own characteristics
of higher autonomy and information richness. Thus, by reshaping their decentralization and
information richness under the influence of digitalization, companies can transfer their
strategically important operational capabilities more easily within the organization, while still

safeguarding them against disclosure.

From these results implications for research and practice could be derived, which will be

presented in the following section.

2. Implications

2.1 Implications for Research

Looking at the results of this thesis, certain implications for research may be derived. First, this
study managed to shed light on the theory-based operational and strategic reactions to
digitalization. Especially the activation of capabilities and the change of processes, products
and services, and business models could not only be operationalized in the context of maturity

levels but also validated by an empirical study. This can provide a deeper understanding of the
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key economic components of digitalization and connects them with potential response options.
The maturity measurements often set up by practitioners in literature (Thordsen et al., 2020)
can thus be substantiated with theoretical considerations. By implementing a cluster analysis
within maturity assessment analysis, it was possible to support the commonly used descriptive
methodology of maturity assessments (Colli et al., 2018; de Bruin et al., 2005). That is why the
maturity measurement of this study not only quantifies the status quo of digitalization but also
offers starting points for making better use of the opportunities offered by digitalization. The
results around the hesitant transformation at the companies investigated may reveal behavioral
economics findings: There is a short-term orientation caused by a lack of investments which
could be shown in the poor profitability improvements for companies with low digital maturity.
There are also different behaviors of the archetypes of companies and their efforts to improve
their digital maturity. This can be the basis for a dynamic theory of digitalization, which
compiles the sequential steps of maturity progess into a dynamic adaption hypothesis (e.g.,
Porter, 1991) and provides insights into the evolution of industry structures (see Menzel and
Kammer, 2019). Furthermore, the study results were able to show that the digitalization backlog
partly is based on missing (digital) operational capabilities, and this underlines the relevance of

research on their creation in times of digitalization.

In consequence, concerning the effects of digitalization on the requirements for operational
capabilities a fundamental economic understanding of digitalization and its effects was created.
Previous research is often based on technological perspectives (e.g., Venkatesh et al., 2016;
Dhyne et al., 2021), and could thus be expanded by adding theoretical explanations for the
increase in environmental dynamics, coordination and interaction on digital platforms. This
study opened the black box of the creation of operational capabilities and enabled more
transparency about the requirements for their advantageousness from the perspective of the
resource- and competence-based view (Barney, 1991; Colombo and Grilli, 2005; Zahra, 2021).
Thus, the study results confirmed the validity of existing theoretical foundations of
advantageous operational capabilities but could also reveal different levels of significance of
the requirements in times of digitalization. That is, limited substitutability and imitability are
losing importance for capabilities which become accessible to other stakeholders. In particular,
the growing importance of joint creation of operational capabilities in networks was
demonstrated. In this context, there are indications that theoretical considerations regarding the
requirements for operational capabilities need to be seen from the perspective of ecosystems
(see Adner, 2017; Jacobides et al., 2018). Thus, the findings also support current research on

the compatibility of the resource-based view and business ecosystems theory (Gueler and
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Schneider, 2021; Nana et al., 2022) but complement these investigations with insights into the
retention of strategically important operational capabilities that need to be transferred within
the organization to maintain a competitive advantage (Contractor, 2018).

Therefore, implications could be made for the internal transfer of operational capabilities by
focussing on the balance between the transfer and protection of operational capabilities with
the help of decentralization of decision-making (Rangus and Slavec, 2017; Sumelius and Sarala,
2008) and information richness of communication mechanisms (Daft and Lengel, 1986). The
results from qualitative research indicated that both balancing parameters contribute to a better
mediation of the trade-off if optimized adequately. With the identification of sub-parameters,
both the construct of decentralization and information richness could be differentiated, while in
previous research these had remained at the generic level of decision autonomy of subsidiaries
as well as codifiability of communication media (e.g., Geleilate et al., 2020; Klitmgller and
Lauring, 2013). The results can thus also deepen existing explanations on factors and
technologies influencing the transfer of knowledge and capabilities (see Di Stefano and
Micheli, 2022; Stadler et al., 2022) within multinational companies and can be taken to
contribute to the discussion of joint value creation and governance in ecosystems of different
companies (e.g., Dyer etal., 2018; Cusumano et al., 2019; Cusumano et al., 2021). Furthermore,
the findings also enable to differentiate current research in the area of the scaleability of digital
resources” (Giustiziero et al., 2021) within companies, which is explaining why digital

companies are more successful than traditional ones.

2.2 Implications for Practice

The step-by-step sequential research structure within this thesis has generated a framework that
supports traditional industry companies to respond to digitalization adequately (see Fig. E-1).

The procedure includes the gradual measurement of the company’s level of digital maturity
(see 1. in Fig. E-1). The digital maturity index can be applied by the management to create a
deeper understanding of their digital status quo. Therefore, this thesis contributes to raising
awareness of the need for change and addresses the main causes of slow digital transformation
(Fitzgerald et al., 2014; Agostini and Nosella, 2020). The results have shown that the
management should expand the often prevalent and limited pilot projects (Zangiacomi et al.,
2019) in relation to its transformation efforts and thus allocate more capital to reach a critical
level of investment which makes the profitability improvements to become noticeable.
Therefore, the studies also show that it is worth investing into digitalization. Besides this, the

assessment index can enable benchmarking, which makes it possible to identify individual best
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practices instead of “one-fits-all solutions” (cf. Tabrizi et al., 2019) by learning from other
companies. For the management of companies with a particularly low level of maturity it is
possible to identify improvement opportunities via the strategic and operational dimensions of
digitalization. This comprises the development of strategies or the optimization of digital
activities, the development of new capabilities and the improvement of business models via
participation in structural ecosystems (Jacobides et al., 2018; Kapoor, 2018). In particular, the
study on digital maturity included the investigation of operational capabilities and thus
underlines the importance to maintain the advantageousness of operational capabilities through

adaptation, co-creation, and transfers within the organization.
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Fig. E-1: Framework for responses to the impacts of digitalization (source: own compilation)

In this context, the results support the creation of operational capabilities under the impacts of
digital change (see 2. in Fig. E-1). Demonstrating that there is a drop in significance regarding
the inimitability and non-substitutability of some parts of the resource position in times of
digitalization, companies can benefit if they put more focus on participating in value-creating
networks. To do this, they must contribute their resources more openly and can thus build new
capabilities together with partners. That requires the companies to swap the narrative of
protectionism for a more open exchange with externals (see also Cozzolino and Verona, 2022;
Schreieck et al., 2021). However, not all operational capabilities may be brought into partner
networks and ecosystems but should stay within the company to keep their strategic competitive
advantage (Bogers, 2011). The results of this study thus support traditional companies in
classifying their operational capabilities more clearly in terms of their strategic importance
(Alexy et al., 2018), and demonstrate the significance of governance in ecosystems (Dyer et al.,
2018; Cusumano et al., 2019).
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This makes it clear that companies should create advantageous intra-firm transfers based on
individual optimization parameters regarding the conflict between high transferability and
protection against disclosure to others (see 3. in Fig. E-1). Balancing the trade-off works on the
level of decentralization of decision-making as well as information richness of the
communication mechanisms. For this purpose, a setting of parameters is available now, which
can be configured according to the type of network, i.e., platform-based (e.g., Liu and Bakici,
2019) or video-technology-based networks (e.g., Karnouskos, 2017). Large platform exchange
networks can quickly transfer capabilities within the enterprise. At the same time, they can only
protect from loss of capabilities if the parameters of administration and access management are
designed in a less decentralized manner. That is why these networks can be used mainly for the
transfers of, e.g., best practices. Video-based networks can transfer operational capabilities less
extensively but must also have a higher degree of decentralization of the participants’ decisions
for the focused exchange and collaborative creation of operational capabilities. In these
networks, strategic operational capabilities, e.g., innovative product technologies can be build
up and transferred. Thus, the study results can also provide orientation for the design of
knowledge and information automatization, and the creation of virtual organizations (Choi,
2022; Snow et al., 2017). This means, for example, that the knowledge and capability

management can be decentralized even more without losing valuable know-how.

3. Limitations and Outlook

The limitations in the three articles lie in the research methods, data selection, and data
evaluation procedures. In favor of a large number of participants, the self-assessment conducted
as part of the maturity measurement (Chapter B) has a higher degree of subjectivity and lower
reliability and validity than maturity assessments by outside experts. Further studies can start
here and verify the results of the self-assessment by an independent expert assessment. In this
context, for example, case study investigations of individual participants can reveal qualitative
correlations in the sense of an in-depth study that could not be made visible by employing

quantitative data.

In the context of the study, regarding the effects of digitalization on the benefits of operational
capabilities (Chapter C), further qualitative investigations are also needed to validate the
quantitative research findings. Especially in the case of dependencies that could not be
hypothesized before, more in-depth investigation is needed to gain more understanding of the

underlying constructs.
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Regarding the case study on the investigation of the trade-off between high transferability and
protection against disclosure (Chapter D), in future studies, additional companies must be
included to make the results more generalizable. For example, a multiple-case study can be
applied to compare a broad range of companies. In addition, the data collection process could
be subjective (e.g., in the case of identifying interview partners and conducting the interviews).
Findings therefore can be seen as initial indications and cannot provide general validity. Further
quantitative research can verify the sub-parameters identified in the study using a large-scale
survey and come closer to generalizability. Although the results show that the boundaries
between individual subsidiaries and parent companies are blurring, the theoretical
considerations of multinational corporations remain valid and necessary. However, further
studies need to incorporate ecosystems (Cha, 2020; Li et al., 2018), considering the
interdependencies between internal protection and external contribution of resources as well as
capabilities to ecosystem partnerships. Finally, a better understanding of the underlying

automation of capabilities across digital platforms and connection to externals is also needed.

Across all studies, the data collected in every of the studies of this work are based on surveys
of German capital-intensive industry companies. Conclusions about correlations among
international companies with other countries of origin are only permissible to a limited extent.
The transferability of the results to other industries, e.g., software and telecommunication
companies, is also not possible without restrictions. Further studies with participants from
abroad and from other industries are needed to extend the validity of the assumptions and
implications and to reach country-specific and industry-specific peculiarities in even more
depth. They are also required to, for example, better explain the conflicting effects between
impacts of digitalization.
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