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MRO  Maintenance, repair and operations 
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ROI  Return on investment 

S.M.A.R.T.  Specific, measurable, achievable, realistic. 
Criteria to define explicit targets 

TPS  Toyota Production System 

USP  Unique selling proposition 

VR  Virtual reality 

VUCA  Volatility, uncertainty, complexity and 
ambiguity 
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2 INTRODUCTION 
The Era of Industrialization was driven by the hope and enthusiasm of 

inventors, scientists, engineers and audacious investors who possessed the 

radical idea of enhancing permanently established technologies and 

contending with competitors. Hope and enthusiasm have been changing the 

economic environment since the beginning of the modern age, but the 

speed of change has never been so fast. 

The economic environment in which organizations operate today is 

becoming more volatile, uncertain, complex and ambiguous (VUCA; 

Bennis & Nanus, 1985) than ever before. Today, this perception is much 

more significant. Companies need to develop strategies to cope with these 

challenges if they want to remain contenders. Besides VUCA, industry 

changes are accelerating, driven by the 4th Industrial Revolution1 - 

digitalization and artificial intelligence. The 4th Industrial Revolution is 

creating an environment of disruption and conversion in which companies 

are required to react appropriately in order to ensure their economic 

success. Macroeconomic lectures deal with three industrial revolutions, 

stating that this endeavor started two centuries ago.  

The first industrial revolution was driven in its beginnings by the economic 

utilization of natural forces such as water and hydrodynamic power, and 

required the knowledge and potential of mechanization. This revolution 

                                                 

 
1 Although the phrase Industrial Revolution has been used before (Shigenobu, 1900; 

Cunningham, 1907), it was popularized after its use by Arnold Toynbee in an article on 

industrial and agrarian revolution (Toynbee, 1908).  
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dynamic capability approach provides a structure and a procedure to cope 

with that incalculability. 

2.2 Intellectual origin of the dissertation 
The author's motivation to conduct research in the area of strategies for 

digitalization (Industry 4.0) is based on his observation that a resource-

based system to develop an individual, firm-specific strategy that takes the 

firm-specific technologies, the internal capabilities of a firm, and its long-

term goals into account is not existing. 

The scientific basis for this dissertation originates from the ardent work of 

David John Teece, Gary Pisano & Amy Shuen and the eminently 

compelling article by Rebecca Marta Henderson & Kim Bryce Clark 

dedicated to architectural innovation. There is a conceptual connection 

between both theories, and its joint application can contribute to gaining 

new insights into the strategy of digitalization. It can pave the way to a new 

understanding of digitalization in the tactical framework of firms. 

Teece is a Professor in Global Business at the University of California, 

Berkeley's Haas School of Business. Teece pioneered the dynamic 

capabilities perspective2, defined as the "ability to integrate, build, and 

reconfigure internal and external competencies to address rapidly changing 

environments". Henderson is the John and Natty McArthur University 

                                                 

 
2 https://www.davidjteece.com/biography 
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Professor at Harvard University, she holds a joint appointment at the 

Harvard Business School in the General Management and Strategy units3. 

The intellectual exchange with the professional council of the Hungarian 

University of Agriculture and Life Science, the disputes with the student 

body and the discussions at several research conferences with other 

scientists about macro- and microeconomy, economic development and 

stability, sustainability and individual responsibility has strengthened the 

authors decision to conduct further research in this field. 

The author is affiliated with the automotive industry and is accountable for 

the digitalization strategy of the operations area of his employer. Therefore, 

there is a high intrinsic motivation to develop and execute an excellent 

digitalization strategy recognized as such. Due to his closeness to 

operation, he was able to test his hypotheses within the automotive industry 

at the same time. 

The concept introduced and explained in this dissertation is not limited to 

the automotive industry from the author's point of view and can be applied 

to other sectors when developing a digitalization strategy. However, the 

author cannot demonstrate that the concept is working beyond the 

automotive industry. 

 

  

                                                 

 
3 

https://www.hbs.edu/faculty/Pages/profile.aspx?facId=12345&facInfo=custom&pageId=

903 
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2.3 Structure of the dissertation 
Digitalization is brought into the framework of reinforced/overturned and 

unchanged/changed innovation concepts while utilizing dynamic 

capabilities to build and execute the appropriate strategy. The era of 

digitalization is an increasingly complex one. Products are hardly stand-

alone; the interaction and range of processes are ever-increasing, and 

digitalization innovations tend to have a short-term nature. The long-term 

survival and the economic success of many companies will be determined 

by their ability to integrate digitalization and its current disruptive nature 

into their business model and strategy. There is no single approach to 

finding the appropriate modality for all companies because there are no two 

companies of a kind, even when they compete in the same market for the 

same customers. Therefore, a strategy has to be customized for a single 

company and must offer the possibility of adaptation according to the 

company's achievements and changes in the economic environment. 

The research project is subdivided into 7 main sections to give it an overall 

structure, to ensure that nothing is overlooked and to put forward a seamless 

analysis of the investigated topic (Figure 1). 
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Figure 1: Graphic representation of the chosen procedure to investigate the subject matter and to 

create a model for the integration of dynamic capabilities and architectural innovation into a 

common framework (self-edited). 

The author conducted research in the automotive supplier industry within 

a company with more than 33,000 employees at more than 125 locations in 

35 countries. The company is vertically integrated to the extent that it runs 

several dozen production locations to pre-produce its semi-finished 

products and the final-assembly of its products. The production often 

highly depends on self-developed production processes with high-value 

creation; most products are sold directly to the OEMs. The research 

findings, the recommendations for action and the framework are not bound 

to the automotive supplier industry, but intended to transfer to other 

industries. 

The research findings that lead to the DCAI-model motivated the author to 

apply the model at the investigated firm and subject it to a real-life stress-

test. I.e., the result of the research was de facto used to enhance the 
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competitiveness of the firm. This real-life application verifies the overall 

concept, even though it is narrow and limited to a certain field the author 

chose. 
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3 LITERATURE REVIEW 
The reasons for disruption, renewal and its impact on society attracted and 

inspired many great minds that built the foundation of this research field. 

Veblen (1904) described a circuitry of innovation and standardization that, 

with the enhancement of machines, would issue a revolution of the 

economy and society. The model advanced by incorporating subjective 

expectations and speculations within markets by Mitchell (1923). 

Kondratjew (1925) analyzed and popularized the idea of long cycles, the 

recurrence of economic ups and downs, and the dynamic conditions that 

influence the cycles. Nonetheless, Kondratjew was not the originator of 

cyclical patterns. The theory was previously explored by others such as 

Pareto, Parvus and van Geldern, but it was Kondratjew who drew attention 

to long-term cycles (Barr, 1979). Furthermore, Schumpeter (1934, 1939) 

addressed cycles with elongated intervals of more than 50 years, springing 

from fundamental technological and organizational innovations. Today's 

information and communication technology, which can be seen as part of 

the fourth industrial revolution, is commonly referred to as the fifth 

Kondratjew-cycle. 

A huge amount of knowledge and an extensive library of literature has been 

accumulated in the field of macro- and micro-economy considering 

innovation, economic cycles, competitiveness, competitive positions and 

its obligation to uphold a once attained market position. This wealth of 

knowledge was taken into consideration but also needed to be restricted to 

a certain parameter. Hereinafter the most relevant literature, used to 

describe and demarcate the field of research, is evaluated. To establish a 
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products. He emphasized the balance between the exploitation of existing 

resources and the development of new ones. With his contribution, he is 

often considered to be the founding father of the modern resource-based 

perspective. Wernerfelt proposed an analytical tool to evaluate a firm's 

position from the resource side rather than from the product side to derive 

strategic options and visualize what he called a resource-product matrix. 

Solow's growth model was further enhanced by Mankiw, Romer and Weil 

(1992) by introducing the element of human capital. In the Romer model, 

growth is driven by technological change induced by investments that are 

made intentionally and that the stock of human capital determines the rate 

of growth. Knowledge leads to new technologies; new technologies foster 

technological progress, and this leads to economic growth. Thus, 

knowledge and new ideas are the keys to growth. The economic models 

before Romer considered technological progress as something outside of 

their models. Romer is regarded therefore as the originator of the 

endogenous theory of growth, since he incorporated it into the economic 

growth model. Hitt and Ireland (1986) explored the specific relationships 

between corporate-level distinctive competencies, performance and their 

normative character. They were able to show that the strategic business 

units that applied distinctive competencies gained a competitive advantage 

over other strategic business units that had the same assignment. Prahalad 

and Hamel (1990) presented the distinction of portfolio competencies 

versus a portfolio of businesses and the need to identify, cultivate and 

exploit the core competencies as a strategic advantage of firms to make 

growth possible. The specificity in a firm's skills and resources as an 

enabler to raise barriers to imitation was contributed to the discussion by 

Reed and DeFillippi (1990). Still, the types of competencies are not further 
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specified in their article. The important fact that an employee's firm-

specific know-how has a different value for different firms has been 

outlined by Mahoney and Pandian (1990). Langlois (1992) made a link 

between the firm's capabilities view, the cost that the building of 

competencies necessitates long-term and the cost that occurs with the 

transformation of knowledge. Under 'dynamic' governance cost, he cited 

cost for persuading, negotiating, coordinating with and teaching others. 

Langlois (1992) understood the dynamic costs as "the cost of not having 

the capabilities you need when you need them" (p. 99). The connecting 

elements of the theories in industrial-organizational theory, the transaction-

cost theory and the evolutionary theory have been realized, and a resource-

based approach was developed upon those theories (Figure 2). 

 

 
Figure 2: The sources of the resource-oriented approach. Adopted from Foss, N. J., Knudsen, C., & 

Montgomery, C. A. (1995). An exploration of common ground: Integrating evolutionary and 

strategic theories of the firm. Resource-based and evolutionary theories of the firm: Towards a 

synthesis. Boston, MA. 

 

In the 90s of the last century, the resource-based approach flourished and 

gained a lot of attention in many industries. When the resource-based 
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3.2 Dynamic Capabilities 
Building competitive advantages in an environment of rapid technological 

change requires dynamic capabilities (Teece, Pisano, & Shuen, 1997; 

Teece, 1998). Technology and technological change are something that can 

be designed, influenced, controlled and managed by a company. Therefore, 

it should be made part of the planning process of a company (endogenous) 

and consequently become calculable. Technology, therefore, transforms 

from being an exogenous event into an endogenous one. A company can 

develop the ability to integrate, build and reconfigure internal and external 

competencies to address digitalization's disruptive nature (Teece, 1998), as 

is displayed in Figure 3. 

 

 
Figure 3: Dynamic capabilities framework. Adapted from: a.) Galunic, C. & Rodan, S. (1998). 

Resource recombination in the firm: Knowledge structures and the potential for Schumpeterian 

innovation. Strategic management journal and b.) Verona, G. & Ravasi, D. (2003). Unbundling 

dynamic capabilities: An exploratory study of continuous product innovation. Industrial and 

Corporate Change, Vol. 12, Issue 3, pp. 577-606 and c.) Zollo, M. & Winter, S. G. (2002). Deliberate 

learning and the evolution of dynamic capabilities. Organizational Science, Issue 3, pp. 223-353. 
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3.2.1 Appropriability regimes  

An appropriability regime describes the ease of imitation; it is a function 

both of the ease of replication and the efficacy of intellectual property rights 

by legal protection (Teece, 1998, 2000; Teece & Pisano, 2003). The regime 

is strong when intellectual rights protect the technology, and it is difficult 

to imitate. The intellectual property system does not provide any legal 

barriers against imitation with regard to digitalization technologies 

available for all market players. The ease of replication seems to be low at 

first. When applying technologies to digitize, the firm has to consider the 

appropriability regime that it wants (or can) achieve (for graphical display, 

see Figure 4). To establish a strong regime, a company has to invest 

(alongside technologies) into capabilities to make the most out of the initial 

technology investments. On the one hand, those capabilities are directly 

linked to the use of the technologies. To defend and stay in a strong regime, 

the firm must have dynamic capabilities to deal with the constantly 

changing, disruptive nature of the market environment. 
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Koch, 2005). Within the path formation phase, small events can 

significantly impact the development, spill-over, diffusion, and 

further adoption of technologies. The complexity theory is its own 

field of research with at least three different specializations 

[algorithmic complexity (mathematical complexity theory and 

information theory), deterministic complexity (chaos theory and 

catastrophe theory), and aggregate complexity (individual elements 

work in concert to create systems with complex behavior)] 

(Manson, 2001). At this point, most of the competing technologies 

have been abdicated, and only some technologies are competing for 

predomination, but choices (even though essentially constrained) 

are still possible. The dominant types of innovation in this phase are 

modular and architectural innovations. 

3. Path dependence, the lock in: A dominant design is apparent and, 

due to its dominance, is accepted and implemented by new entrants. 

A dominant design incorporates a range of basic choices about the 

design that are not revisited in every subsequent design (Henderson 

& Clark, 1990). The technology is further improved mostly by 

incremental innovations.  
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�x It takes into consideration both external and internal factors to 

address disruption. 

 

It is said that the resource-based approach is less suitable to formulate 

concrete strategies (McGuinness & Morgan, 2000; Witt, 2008), and further 

research in the field of application has to be done. Nevertheless, in this 

dissertation, the approach that is proposed by Grant (1991) to build a 

competitive strategy based upon dynamic capabilities is turned around. The 

approach here is to build up the necessary dynamic capabilities in specific 

fields to achieve the strategy's long-term objectives. The strategy is the 

leading framework, not dynamic capabilities. The dynamic capabilities 

approach does not work with the classical hierarchical organization 

because it promotes and depends on a learning organization's concept. 

3.3 Architectural Innovation 
Architectural innovations derive from the research on technical innovations 

and conclude that an exclusive distinction between radical and incremental 

innovations is incomplete. The article about the then unnoticed 

architectural innovation from Henderson and Clark (Henderson, & Clark, 

1990), that is based on an earlier working paper from Henderson (1990) 

when she was an assistant professor at the MIT Sloan School of 

Management, lead to a new thinking about technological innovations. 

3.3.1 What is architectural innovation? 

This dissertation follows the definition of architectural innovation 

introduced by Henderson and Clark (1990) since it provides a soundly 

defined and transferable model to different industries and products. 
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This electronic component stores electrical energy in order to provide 

fundamental functions within electronic applications. It is widely used 

within the electronics industry and can be found in many different 

structural shapes to fit into the product's system. 

 

Figure 6: Four types of innovation in the automotive supplier industry, displayed on a capacitor. 

Inspired by Henderson, R. M. & Clark, K. B. (1990). Architectural innovation: The reconfiguration 

of existing. Administrative Science Quarterly. 
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then lead to various responses within the industry, e.g., becoming apparent 

within vehicles' electrification in a wide range of propulsion principles. 

For the supply of an electric vehicle with energy, three fundamentally 

disparate options are feasible: storing energy in accumulators, producing 

the energy aboard (e.g., by converting hydrogen in a fuel cell), or by means 

of direct supply (e.g., sliding contacts). Combinations of the three are 

possible and do exist. These combinations result in a wide range of different 

types of propulsion concepts, such as hybrid electric vehicles (HEV), plug-

in hybrid electric vehicles (PHEV), battery electric vehicles (BEV), 

extended-range electric vehicles (EREV) and fuel cell electric vehicles 

(FCEV). This context of a megatrend, trend, and its implementation for the 

customer requires faster and more efficient product- and process-

development than ever before. Digitalization can be the key solution to 

meeting those challenges within the examined area of operations. 

In many parts of Europe, the term I4.0 is widely used and linked to a self-

organized value chain between man, machine, product, logistics and 

customer to deliver individual products at a lower cost (BMWi, 2019). 

Achieving this and participating in the reduction of expenses is a common 

driver in the automotive industry, with the OEMs on the forefront, followed 

closely by their suppliers. Consequently, an environment that demands but 

also rewards digitalization emerges. This environment is characterized by 

a high degree of uncertainty. Each firm is well-advised to establish 

appropriate safety measures to avoid sinking funds which would have been 

invested more effectively in other areas. This paper provides an answer to 

this considerable challenge. 
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To expose an application-case, the research project was narrowed down to 

the automotive supplier industry, and within this, to the sector of 

manufacturing of electronic components. 

The firm under consideration is a multi-national company committed to 

digitalization in its self-promotion.  
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4 OBJECTIVES OF THE DISSERTATION 
We are transitioning to the 4th industrial revolution, the area of 

digitalization and interconnectedness (often considered as Industry 4.0 or 

I4.0). Like the industrial revolutions that came before, this 4th industrial 

revolution will dramatically impact the way we work, the way we 

cooperate, and in the end, the way we live. Today's industrial champions' 

preeminence will be challenged by competitors that are very small today or 

might not yet exist. In some years, obituaries for companies that are healthy 

and wealthy today and prevail in today's industry with their business model 

will be held. Most companies are aware that a change is happening, and 

that this change is likely going to sweep away many of today's companies 

by its disruptive nature. Companies that adhere to their business models, 

ignore the change, and are suspicious about the 4th industrial revolution are 

likely to find themselves on the losers' side in the race for productivity. The 

applications of digitalization and interconnectedness will have a disruptive 

impact on the automotive supplier industry, too. Even those who are fully 

aware of the risks and have decided not to dally and actively participate in 

the change process are at risk. Due to ill-conceived concepts and/or 

maladjustments or a poorly managed execution of the process of 

adaptation, it is most likely that wrong investment decisions will be made. 

Audacious decisions and proceedings are necessary, but not at any cost and, 

of course, not without a well-considered strategy, execution, and alignment 

of actions. The nature of digitalization and interconnectedness is that the 

technologies are interrelated, built on similar basic technologies, are 

mutually supportive in some cases, and mutually exclusive in others. 
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There is no clear subjugation of the technologies, there is not the one 

technology a firm has to start working with and build upon its path and 

digital structure. The expected payback into those applications is uncertain, 

and therefore it is hard to create a convincing business case and legitimate 

high investment into this area. The applications' performance will very 

likely follow a sigmoid function ('S-curve'); i.e., it is likely that the I4.0 

technologies are underrated in their performance today, and investing in 

them is not convincing. But superior technology alone is rarely enough to 

build a competitive advantage and shape the firm's paths. 

Especially when radical innovations are available for all market-

participants, their architectural integration is of paramount importance. 

The aim of the dissertation, therefore, is to develop a structural concept that 

enables companies to work out recommendations and strategies for the 

implementation of I4.0 technologies that are provided by third parties and 

are available for all market participants. The number of digitalization 

technologies that are widely spread and that are purchasable for everyone 

is very high; the following are some of the most common examples: 

VR/AR glasses, cloud computing, deep learning algorithms, smart gloves, 

smart robotics, robot process automation, artificial intelligence, intelligent 

guided vehicles and so on. 

Therefore, the I4.0 technologies have to be selected, combined, integrated, 

and used according to the need of the firm and can be used to create a 

unique selling proposition (USP). The structural concept in this dissertation 

is based upon the dynamic capabilities approach and the integration of 

technologies in a framework of architectural innovations. The structural 

concept developed here focuses on the value-adding-process of production 
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needed to work successfully with each type of innovation (architectural 

innovation elevated). 

Figure 8: Specific capabilities to deal with the 4 types of innovation in accordance with to the 

framework for defining innovation. Inspired by Henderson, R. M. & Clark, K. B. (1990). 

Architectural innovation: The reconfiguration of existing. Administrative Science Quarterly. 
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Winter (2006) remarks that Teece sought to illuminate business strategy 

and economic organization's practical issues at a more abstract theoretical 

level that had been viewed as less understandable and less satisfactory 

before. Both theories' interrelationship is mentioned both by Teece, Pisano, 

and Shuen and Henderson and Clark. This also explains several references 

in each other's scientific work and the subsequent use of each other's 

findings. Nonetheless, they do not leave the level of theoretical 

consideration, combine both theories and constitute a new hypothesis, or 

set up a scientific study to acquire a new theoretical framework or enlarge 

the existing one. 

The resource-based approach asks the question needed to understand the 

company's capabilities, its current position, the strategic direction, and the 

effort necessary to achieve the strategic goals. The overall objective that 

informs the resource-based perspective is to account for the creation, 

maintenance, and renewal of competitive advantage in terms of firms' 

resource side (Foss, 1997). The architectural perspective is vital because 

most market participants are not innovators of groundbreaking 

technologies that originate from digitalization. The greatest portion of 

market participants are applicants of digital innovations, and most 

innovators come up with a single innovation. A single company does not 

drive the digital revolution. The challenge for all of the applicants is to 

apply the digital technologies in their firms architecture in the most 

meaningful way. 

Therefore, the overall goal of the dissertation is to develop a structural 

concept that enables companies to work out recommendations and 

strategies for the implementation of IIoT technologies, finding the most 

cost-effective investment strategy in respect of IIoT technologies for that 
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Architectural Innovation. In order to accept or to reject the hypotheses, 

each hypothesis must state an expected relationship between variables, 

must be testable and falsifiable, and also enable other researchers to re-

enact the steps that have been taken to obtain the result presented. 

Furthermore, it should be stated as simply and concisely as possible. Due 

to a lack of quantifiable knowledge about its impact on a firm, the decision 

to invest in digitalization today is subjected to Knightian uncertainty. Firms 

are accustomed to making decisions involving risk and uncertainty, but 

seldom Knightian Uncertainty. According to Knight, risk applies to 

situations where we do not know the outcome of a given situation but can 

accurately measure the odds. Knightian Uncertainty, on the other hand, 

applies to situations where we cannot know all the information and where 

the distribution is unknowable. We need an order to set accurate odds in 

the first place (Dizikes, 2010). The problem facing someone who is making 

an investment decision is therefore that fundamental data is missing. To 

improve the outcome of decisions taken under Knightian Uncertainty 

requires a structure, a process, a method (or a set of rules) to guide the 

decision process. The outcome of decisions must be predictable and 

calculable for the firm. Conclusions have to be drawn on a rational basis 

that is plausible for all parties involved in the decision process. 

The day-to-day procedures to calculate investments and make a 

recommendation for or against an investment do not work for digital 

technologies. The data to make a simple calculation for the ROI of an 

investment, for example, is not available. The decision on hand must be 

made based on assumptions; in the end, it remains a decision made with 

uncertainty. If a model were to exist that reduces the number of different 

options to invest, the decision would still be one to make with uncertainty, 
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but the number of such investments would be reduced. The reflection on 

this idea led to the following three hypotheses. 

4.3.1 Hypothesis #1 

There is no pattern or model for investment into digitalization explicitly 

based on the combination of dynamic capabilities and architectural 

innovation concepts. The reason is that the investment strategies and the 

modelling of the payback of investments are most often worked out from 

tried and tested models found in well-established textbooks and created 

based on available numbers, calculable risks, and a foreseeable 

development. Those models hardly work in the field of disruptive 

technologies and nor in industrial revolutions anymore. 

4.3.2 Hypothesis #2 

Firms today do not connect the concepts of dynamic capabilities and 

architectural innovation to build a superior, conjunct systematology when 

selecting digitalization technologies. Therefore, firms do not take 

advantage of this framework and do not make optimal decisions with 

regard to their investments into digitalization. 

4.3.3 Hypothesis #3 

The methodical support to decide on investments into digitalization is little, 

needs to be expanded, and a framework with a model to optimize and to 

support the decision process is beneficial. A frame-concept that 

amalgamates the concept of Dynamic Capabilities and Architectural 

Innovation would be firm specific and an identical transfer to another 

company would be pointless. 
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The line of argument to accept or reject the hypotheses rests on the 

possibility to translate the theoretical construct into single, measurable 

variables that can be tested. The corresponding research model, which 

indicates the relationships of the variables, is filed in the appendix section 

as Appendix 4.  
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5 MATERIALS AND METHODS 
To give the research a credible footing, a survey was conducted within the 

automotive supplier industry with an extensive questionnaire. 

Corresponding to the research questions, the survey was structured in such 

a manner as to provide insights both into the architectural framework as 

well as the dynamic capabilities, and to then convey recommendations for 

action within a specific firm. Each scientific research stream is recognized 

in the survey and has been given its own section (Figure 9). 

 

 
Figure 9: The research streams within the survey: Subdivision between Architectural Innovation 

and Dynamic Capabilities (self-edited). 
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The four sections (resources and processes, asset utilization, labor and 

quality) of Architectural Innovation's research stream were further 

subdivided into technologies that were considered relevant for the 

inspected company. The two sections (culture and organization) for the 

research stream of Dynamic Capabilities were asked by means of 

interrogating the company's capabilities with regard to dynamic 

capabilities. 

5.1 The survey 
The survey was conducted within the automotive industry in the beginning 

of 2019 over a period of 6 weeks at a supplier for the OEMs for 

automobiles. The investigated company employs more than 33,000 staff 

members and is running more than 125 locations worldwide. The company 

was chosen because it fits perfectly into the framework conditions of the 

object of investigation. The firm does not develop or produce digitalization 

technologies that can be applied in the value creation process by itself. 

Rather the firm is a user and applicant of the digitalization technologies that 

are readily accessible and operates those within its value stream. 

5.1.1 The participants of the survey 

All 142 participants of the survey work within the automotive supplier 

industry. The larger portion possess higher education qualification, such as 

a bachelor's or a master's degree. 4 of them have a Ph.D. A small portion 

of the expert group in Germany underwent vocational training but were 

considered experts due to their position and accountability. The majority of 

the participants are male, only a low number of participants are female (< 

12%). A basic condition of the survey was strict confidentiality; hence a 
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distinction between the male and female respondents is not possible and 

cannot be displayed. The participants of the survey come from Asia, 

Europe and the Americas (Table 1.0). The majority of the participants come 

from Germany, where the company has its headquarters. 

 
Table 1: Overview of the survey participants 

The survey was sent out to 142 participants that were classified into three main 

groups. Managers with a leadership position, senior experts with extensive technical 

know-how in a dedicated field and vast experiences in their field, and experts with 

less long-standing experience. The survey was answered fully by 93 participants, and 

this produced a participation rate of 65.5%. 

 Asia Europe 
North- and South 

America 

 China India Romania Germany USA Mexico Brazil 

Leadership 
position 

3 2 4 9 6 7 2 

Senior 
expert 

6 2 6 19 6 7 2 

Expert 8 0 7 26 6 14 0 

Sum 17 4 17 54 18 28 4 

 

After the survey was sent out, the participants that did not send their 

feedback were reminded twice, with a space of two weeks and an 

announcement of the closing date. The duration of the survey was eight 

weeks. 
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5.1.2 Sections within  the questionnaire 

The technologies that were considered as relevant are firm-specific and 

cannot be transferred without further investigation of their relevance to 

other firms. This always requires an alignment process within each 

individual firm. The technologies of the four sections considered for the 

research stream of Architectural Innovation can be looked up in Table 2.0. 

 
Table 2: Considered technologies in the four analyzed sections 

Four sections have been analyzed within a total of 32 technologies that can be considered as a 

stimulus for digitalization in each section. The selection of the technologies is firm-specific and 

can vary for other firms. 

Section Technologies 

Resources and 

processes 

a. Smart energy consumption 
b. Parameter adjustment on premise 
c. Intelligent lot sizes 
d. Automated, real-time feedback to process 

experts/specialists 
e. Big data & analytics 
f. Machine to machine communication 
g. Data driven design to value 

Asset utilization 

a. Advanced planning and scheduling 
b. Real-time analysis of bottlenecks 
c. Digital documents 
d. Intelligent replenishment 
e. Equipment conditioning monitoring for maintenance, 

repair and operations (MRO) 
f. Digital support for preventive maintenance 
g. Predictive maintenance 
h. Regional and global capacity scheduling 
i. Virtual reality 
j. Augmented reality 
k. 3D printing 
l. 4D printing 
m. Automated guided vehicles (AGV) 
n. Intelligent guided vehicles (IGV) 
o. Machine to human (M2H) communication 
p. Digitized simulations, kaizen workshops and value stream 

planning 
q. Application of operations research (OR) 
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every technology are identical, and the participant is asked to rate the 

following dimensions: 

 

1. How do you rate the strategic relevance of this IIoT measure with 

regards to the economic success of the firm? Possible answers: 

a. Low 

b. Medium 

c. High 

2. How do you rate the current priority  of this measure for 

Operations? Possible answers: 

a. Low 

b. Medium 

c. High 

3. How do you rate the current maturity  of this measure within 

Operations? Possible answers: 

a. Inexperienced 

b. Tentative 

c. Advanced 

d. Dynamic 

e. Outstanding 

4. Would you recommend to further invest into this measure or to 

disinvest resp. not invest? Possible answers: 

a. Further invest 

b. Disinvest/no invest 

5. On a scale from 0 (very simple) to 10 (very complex), how complex 

do you rate the worldwide implementation of this IIoT measure? 
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6. On a scale from 0 (very low) to 10 (mature), how well prepared is 

the Operations organization from a cultural  point of view to 

implement this IIoT measure? 

 

The 6th question establishes a link to the dynamic capabilities and is later 

used to verify the answers with regards to dynamic capabilities. 

The four functions investigated in the second part of the survey aim for 

dynamic capabilities and follow an identical structure. For each function, 

the questions are: 

 

1. Do you agree or disagree that further training and education is 

necessary to meet the IIoT challenges? Possible answers: 

a. Agree 

b. Disagree 

2. How do you rate the current priority of trainings and education 

within operations? Possible answers: 

a. Low 

b. Medium 

c. High 

3. How do you rate the current training level for IIoT within 

operations? 

a. Inexperienced 

b. Tentative 

c. Advanced 

d. Dynamic 

e. Outstanding 
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Many variables are approximated by a smaller number of ideally 

descriptive and meaningful linear combinations (the principal 

components). The PCA has four goals when applied to a dataset (Abdi & 

Williams, 2010): 

 

1. Extract the most important information from the data-set 

2. Compress the size of the data-set by keeping only the important 

information 

3. Simplify the description of the data-set 

4. Analyze the structure of the observations and the variables 

 

New variables, the principal components, are computed and are obtained 

as linear combinations of the original variables. The first principal 

component is required to have the largest possible variance and this 

component will explain the largest part of the data-set's inertia. The second 

component is computed under the constraint of being orthogonal to the first 

component and having the largest possible inertia. The other components 

are computed likewise. The values of these new variables for the 

observations are called factor scores; these factor scores can be interpreted 

geometrically as the projection of the observation on the principal 

component (Abdi & Williams, 2010). 

Figure 10, inspired by Vidal, Ma, and Sastry's work, is a graphical 

representation of a mathematical investigation and leads to the same 

solution. 
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Figure 11: Example of the need of dynamic capability (here: transforming, 3rd dynamic capability) 

to integrate a new digital technology (here: cloud computing). The structure on how the digital 

technologies cooperate within the firm can be streamlined and optimized with cloud computing, but 

requires the capabilities to integrate this new approach within many different fields of applications 

and users (self-edited). 

 

The aim of the research is to develop a framework that enables a firm to 

digitize and to gain the most advantages out of it. Therefore, the 

questionnaire's focus was on the 3rd dynamic capability, the ability to 

transform rapidly. The prerequisites to do so are (a) the ability and capacity 

of the applicants/users to apply and work with digital technologies, (b) their 

current level of know-how about digitalization, (c) the need for training and 

education in the field of digitalization. The questionnaire has been 

structured in a way to compare the three different levels for four groups of 

applicants/users: 

 

1. Middle Management within the production area 

2. Engineers that work closes or within the production area 

3. The technical experts that apply and maintain technologies 

4. The line operators that execute the technologies 
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For all four groups of applicants/users, the survey participants were asked 

(a) if they agree or disagree that further training and education is necessary 

to meet the IIoT challenges within the operations, (b) how they rate the 

current priority of training and education within operations and (c) how 

they rate the current training level within operations. The results are then 

displayed in histograms. 
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6 RESULTS AND THEIR EVALUATION  
The results of the analysis in this chapter are categorized according to the 

analysis of the data into Architectural Innovation and Dynamic 

Capabilities. For the analysis of the Architectural Innovation, a reduction 

of the dimensionality had to be performed, using the principal component 

analysis (PCA). The second part for the Dynamic Capabilities was 

analyzed by sorting the data and displayed by means of histograms. Later, 

the results of both parts were re-combined. 

6.1 Analyzing the data-set for Architectural Innovation 
The principal component analysis was selected to simplify the first part of 

the dataset, which is looking into architectural innovations. This practice 

was done to expose the significant variables and to deduce the key 

activities. 

 
Table 3: Eigenanalysis of correlation matrix 

The first principal component accounts for 43.9% of the total variance.  

Eigenvalue 2.6352 1.1885 0.8440 0.5454 0.4500 0.3370 

Proportion 0.439 0.198 0.141 0.091 0.075 0.056 

Cumulative 0.439 0.637 0.778 0.869 0.944 1.000 

 

Table 3.0 presents the PCA's result of the variables strategic relevance, 

current priority, current maturity, invest/disinvest, complexity, and 

readiness (of the firm). Table 3.1 shows the principal components, which 

are linear combinations of the original variables that account for the data 
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variance. The eigenvectors (which are comprised of coefficients 

corresponding to each variable) are used to calculate the principal 

component. The coefficients indicate the relative weight of each variable 

in the component. In these results, the first principal component has large 

positive associations with current priority (0.487), strategic relevance 

(0.473), current maturity (0.436), and readiness (of the firm) (0.402). The 

first principal component in this analysis is interpreted as being primarily 

a measurement of the firm's (current and future) competitiveness and 

expresses the concern of the participants of the survey to guarantee the 

firm's sustained viability. On the other hand, the second principal 

component can be interpreted as the negligence of the current maturity and 

financial impact due to the blatant need to invest in digitalization. 

 
Table 4: Eigenvectors 

The variables that correlate the most with the first principal component (PC1) are 

current priority (0.487). 

 PC 1 PC 2 PC 3 PC 4 PC 5 PC 6 

Strategic 

relevance 
0.473 0.378 -0.222 -0.068 -0.062 0.758 

Current 

priority 
0.487 0.065 0.181 -0.516 0.619 -0.278 

Current 

maturity 
0.436 -0.342 0.318 -0.308 -0.699 -0.093 

Invest/ 

disinvest 
-0.428 -0.324 0.495 -0.341 0.193 0.559 
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Complexity -0.068 0.697 0.675 0.158 -0.133 -0.104 

Readiness 0.402 -0.380 0.340 0.702 0.265 0.123 

 

 

The scree plot in Figure 12 displays the number of the principal 

components versus its corresponding eigenvalue. It is reasonable to select 

the number of components based on the eigenvalues. The first two 

components form a steep curve, followed by a bend, and are therefore 

relevant for further analysis. 

 

 
Figure 12: Scree plot of strategic relevance, current priority, current maturity, invest/disinvest, 

complexity and readiness (of the firm) (self-edited). 

 

The loading plot displays each variable's coefficients for the first 

component versus the coefficient for the second component. The loading 
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plot is used to identify which variables have the largest effect on each 

component. Loadings close to 0 indicate that the variable has a weak 

influence on the component. 

The PCA loading plot (Figure 13) shows that current priority, strategic 

relevance, current maturity, and readiness (of the firm) have large positive 

loadings on component 1. Invest/disinvest, readiness (of the firm), and 

current maturity have large negative loadings on component 2 and confirm 

the statement made earlier. 

 

 
Figure 13: Loading plot of strategic relevance, current priority, current maturity, invest/disinvest, 

complexity and readiness (of the firm) (self-edited). 

 

The score plot graphs the scores of the second principal component versus 

the scores of the first principal component and is used to detect outliers, 

clusters and trends (Figure 14). In the survey's PCA, very few outliers stand 
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out; groupings can be assumed for resources and quality even though the 

overlap is obvious. 

 

 
Figure 14: Score plot of the 4 sections showing the scores of the second principal component versus 

the scores of the first principal component (self-edited). 

 

The results of the score plot (Figure 14) are not as easy to interpret, the 

groupings of the data are not apparent, and therefore separate distributions 

in the data are unlikely. The points are randomly distributed around zero; 

therefore, the data is highly likely to follow a normal distribution. 

6.1.1 Designation of the relevant technologies 

Once the most important variables have been detected, the data-set is used 

to determine which technologies are most important from the participants' 

perspective. To enlarge the distance of the technologies from one another, 
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the values for the rating low, medium, and high are multiplied by the factor 

1, 5 and 10. 

 
Table 5: Technology rating matrix 

To enlarge the distance of the technologies from one another, the values for the rating 

low, medium and high are multiplied by the factor 1, 5 and 10. 

Technology 
Strat. 

relevance 
Current 
priority  

Current 
maturity  

Complexity 
of 

implement. 

Cultural 
readiness 

Smart energy 

consumption 
262 204 257 694 567 

Parameter adjustment 

on premise 
279 229 246 806 550 

Intelligent lot sizes 272 229 255 756 526 

Automated, real-time 

feedback to process 

experts/specialists 

281 236 274 649 605 

Big Data & Analytics 277 219 243 776 502 

Machine to machine 

communication 
243 197 225 721 494 

Data driven design to 

value 
227 168 184 771 378 

Advanced planning 

and scheduling 
275 230 252 723 517 

Real time analysis of 

bottlenecks 
251 213 283 565 627 

Digital documents 236 192 253 499 575 

Intelligent 

replenishment 
254 211 247 652 558 
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Equipment 

conditioning and 

monitoring for MRO 

251 200 230 665 537 

Digital support for 

prev. maint. 
246 190 219 629 528 

Predictive 

maintenance 
246 188 204 704 481 

Regional and global 

capacity scheduling 
216 167 215 645 459 

Virtual reality (VR) 180 149 160 650 392 

Augmented reality 

(AR) 
163 130 143 675 351 

3D printing 212 178 219 540 508 

4D printing 212 127 136 709 313 

Automated guided 

vehicle 
234 185 177 622 486 

Intelligent guided 

vehicle 
205 160 141 717 405 

Machine to human 

(M2H) 

communication 

218 170 178 676 443 

Digital simulations, 

kaizen workshops and 

value stream planning 

222 190 234 552 542 

Application of 

Operations Research 

(OR) 

183 138 144 676 343 

Smart wearables 182 143 154 591 402 

Human robot 

collaboration 
216 178 193 672 449 
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Figure 15: Matrix-plot of current priority (abscissa) and strategic relevance (ordinate) to arrange 

the technologies in a sequence according to the findings of the PCA (self-edited). 
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Figure 16: Matrix plot of strategic relevance vs. current priority (self-edited). 

 

It is indisputable that strategic relevance and current priority are the 

leading factors for decisions. But it is far from impossible that during the 

development of the firm-strategy, a target-conflict between the two factors 

arises due to internal or external causal links. It is then helpful to have the 

option to consult a third factor and consider it, too. An exemplary 

comparison of two technologies that could be disputable is advanced 

planning and scheduling and intelligent lot sizes. In quadrant 2 (top third, 

middle square), both technologies have a very similar current priority. The 

strategic relevance of advanced planning and scheduling, though, is rated 

as higher. If a target conflict occurs for whatever reason, and the firm calls 

for an extension of the argumentation either factor, the firm can broaden 

the reasoning. The PCA loading plot (Figure 12) reveals that current 

maturity has the third-highest positive loading. This is why it makes sense 

to extend the plot by this variable and look into the results (Figure 17). In 
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this plot, both of the technologies can be compared separately against a 

third factor by the firm. The first comparison of strategic relevance and 

current maturity (quadrant 3, top third, right square) reveals that intelligent 

lot sizes have a slightly higher current maturity than advanced planning and 

scheduling. A final check could also validate the results in quadrant 6 

(middle row, right square). Both technologies are close to each other, but 

intelligent lot sizes have a slightly higher current maturity. This comparison 

further supports a decision to prioritize intelligent lot sizes over advanced 

planning and scheduling. 

 

 
Figure 17: Matrix plot of strategic relevance vs. current priority vs. current maturity (self-edited). 

6.1.2 Analysis of the sections of architectural innovation 

After a further transformation of the data, the data-set also analyzed the 4 

sections asset utilization, labor, quality, and resources (see chapter 5 and 

especially Table 2.0). The range of the evaluation by the survey participants 

is determined, i.e., the total amount for each section is compared with each 
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other. By doing so a statement of the importance that the participants of the 

survey admit to every single section is possible. It is a helpful additional 

decision criterion for the company to define its priorities and to allocate 

resources. The analysis can be done for all directions; in the present paper, 

the two main directions, strategic relevance and current priority were 

chosen because they are the most important factors for the investigated 

firm. In Figure 18, strategic relevance is the ordinate, and the 4 sections 

are on the abscissa. 

The highest-rated section for strategic relevance is the resources and 

processes, followed by a noticeable gap to quality. 
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Figure 18: Survey participants rating for the sections from the perspective of strategic relevance 

(self-edited). 

 

In Figure 19, the current priority is the ordinate, and the four sections are 

also on the abscissa. 

The highest-rated section for current priority is also resources and 

processes; also, here, a gap to the next section, quality, is noticeable. 
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Figure 19: Survey participants rating for the sections from the perspective of current priority (self-

edited). 

 

The results which Figure 18 and Figure 19 display show very interesting 

findings because most of the technologies mentioned in this section (Table 

2.0) are technologies that enable the whole system to perform more 

efficiently and effectively and requires a holistic approach, i.e., the 'health' 

of the complete system is taken into consideration, and the general context 

is considered. The machine to machine communication and the intelligent 

lot sizes are the most apparent technologies which highlight such a holistic 

understanding. The automated, real-time feedback to process 
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experts/specialists is not obvious but distinct when looked at it in detail. 

Herein lies why: 

 

1. Machine to machine communication (M2M): M2M is a 

systematology to establish a self-monitoring production and to 

reduce or even avoid human intervention. The machines monitor 

the results of their processes and communicate those to other 

machines that can gain an advantage from those results (i.e., 

tolerance deviations that trigger a reaction/adjustment of a machine 

in the downstream processes to improve the outcome of the 

production processes) 

2. Intelligent lot sizes: There are several models to define the right 

order quantities that take a wide range of parameters into account 

(such as logistic conditions, product-specific requirements, legal 

conditions (i.e., taxes and customs duties), equipment specific 

conditions (i.g., setting up and ramping up production equipment). 

An intelligent lot size enables the firm to react on changes in this 

complex environment, to give weight to each parameter and to 

avoid the building up of stock or special cargo. 

3. Automated, real-time feedback to process experts/specialists: 

The process parameters are essential for the outcome of the firms' 

production and have a direct impact on the firms' KPIs. With a 

direct link to the experts/specialists, a dramatic shortening of the 

reaction time is possible. This does not only have a positive impact 

on the production and the operative KPIs, but it also improves the 

top KPIs of the firm and its competitive position. 
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To fully understand the firms' digitalization strategy, Figure 18 and Figure 

19 play an important role in building our general understanding. The results 

also underpin the digitalization strategy and put more emphasis on a certain 

technology portfolio. 

6.1.3 Analysis of additional feedback for architectural innovation  

The questionnaire was built in a way that allows the survey participants to 

extend their feedback regarding technologies, capabilities, and applications 

in the form of free-text. This feedback is necessary to counteract negligence 

in the questionnaire, and it is helpful to complement the survey and answer 

the research question. The survey participants were asked what 

technologies are missing from their perspective and where the company 

should develop greater insights. The participants were asked to rank their 

feedback to see how each technology would impact the firm. The data-set 

was also cleaned for this particular section of the survey and prepared for 

visualization. 

39 survey participants gave a written statement, and out of those, 37 

statements came up with an extension of the technologies mentioned in the 

survey. The two statements omitted can be explained by a misinterpretation 

of the question in the survey. 

The 37 statements were classified to fall into one of the following domains: 

 

1. Visualization & reporting:  Devices such as tablets for the 

operators, digital performance management, OEE capture and 

reporting by the machine, a link of andon-systems with the MES. 
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2. Data security: Several feedbacks regarding the process of 

protecting the data (authorization access and data corruption) 

generated for or within the production processes. 

3. Smart logistics: The feedback focused most on the internal 

logistics processes within production (intralogistics) and extended 

the technologies presented in the questionnaire. 

4. Interconnection: (e.g., ERP with MES): Technological aspects of 

the two systems and missing preconditions were given as feedback 

(such as a too low data transmission rate in some locations). 

 

The evaluation of the feedback highlighted that no major technology was 

forgotten when the questionnaire was set up. Some preconditions need to 

be fulfilled, and that might not be in place yet. The comments regarding the 

cross-functional use of technologies point directly to an interrelation of 

technologies that are part of this research (such as the connectivity of MES 

and ERP). The feedback is valuable for any firm heading towards 

digitalization, as this part highlights weak points necessary to execute a 

digitalization strategy. 

6.1.4 Conclusion on the analysis of the data-set for architectural 

innovation 

The PCA, together with the designation of the digital technologies, is a 

strong tool to ascertain what digital technologies are of most interest and 

need for a firm; it is a methodology to showcase the direction a company 

needs to invest within digitalization to establish a decent architecture of 

digital technologies customized for the needs of the individual firm. It is 

the part of the analysis that determines what technologies will create the 
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architecture of technologies within the firm to support its business model 

and ensure that it is prepared for digitalization from an architectural point 

of view. 

The firm that has been investigated is now clear about the investments it 

has to make and more importantly, which investments to avoid. These are 

the main findings: 

 

1. Main focus: The firm has to look for technologies with a high 

strategic relevance (becoming relevant in the future) and those that 

are rated to have a high priority on the current business. The 

participants of the survey focused less on technologies that have a 

high degree of technological readiness, and interestingly, did not 

hesitate to defer technological complexity as a hindrance for the 

implementation of digital technology. 

2. The firm is able to point out the 5 technologies to focus on 

(advanced planning and scheduling, automated feedback to process 

experts/specialists, big data & analytics, intelligent lot sizes and 

parameter adjustment on premise). 

3. The firm is able to clearly distinguish between the necessary 

technologies and its relevancy (Figure 15 and Table 5.0). 

4. If necessary, the firm can further extend its argumentation for the 

technologies to invest in. It has a system from which to draw a 

further argument if there are split decision or target conflicts (Figure 

17). 

5. The firm has created awareness about the sections that are of 

highest interest for the firm. This knowledge was available but 

hidden in the firm, now it is apparent (Figure 18 and Figure 19). 
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By doing so, the firm has all remedies at its disposal to create an 

unprecedented, individual digitalization strategy. This digitalization 

strategy will be different from all other firms' digitalization strategies and, 

correctly applied and implemented, produces a competitive advantage to 

the firms' competitors. 

6.2 Analyzing the data-set for Dynamic Capabilities 
The second part of the data-set refers to the dimension of dynamic 

capabilities. It is a detailed examination of the working levels that have to 

integrate digital technologies; in other words, make the digital technologies 

run on the shop-floor, disseminate good practice examples, advocate the 

achievements and captivate the users for their benefits. The working levels 

that were recognized as being decisive for the survey (middle management, 

engineers, technical experts, and line operators) are consequently the 

subject of the survey. 

6.2.1 Dynamic capabilities of middle management 

The middle management has a limited influence on the strategic direction 

of a firm. But middle managers are essential for the rapid implementation 

of technology-related decisions on the shop-floor and prevent resistance 

against those technologies. If this management level neither understands 

the strategic direction (and the decisions that lead to choosing a certain type 

of digital technology) nor the impact it has on the shop-floor, the 

transformation process will be unsatisfactory at best and is likely to fail. 
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7 IMPLEMENTATION OF A FIRM-SPECIFIC 

DIGITALIZATION FRAMEWORK 
Understanding the interrelation and close connection of Dynamic 

Capabilities and Architectural Innovation was the impetus behind 

establishing a concept to model the connections and build a common 

framework which can be used for other cases. The model must consider 

both theories and present each theory's subfields, which is essential for a 

combined framework. In the following section, this framework is worked 

out, outlined and thus made more general to make it applicable for cases 

outside of the current study. 

7.1 Outlining the DCAI concept 
The two theories of Dynamic Capabilities (DC) and Architectural 

Innovation (AI) are drawn together into the DCAI concept for further 

reading. The DCAI concept refers to the findings and explanations from 

the related chapters of Dynamic Capabilities and Architectural Innovation 

mentioned earlier in this thesis.   

7.1.1 Architectural innovation within the DCAI concept 

The DCAI concept addresses the architectural setup of technologies from 

Figure 7, the junction of digitalization technologies and dynamic 

capabilities with the effect of an architectural framework. In the example, 

company B (which is the applicant of radical/modular innovations that 

other companies provide) has decided to establish a technology-

architecture that requires the application of technology A, D, E and F. 

Company B also already identified that it needs to work upon the attraction 
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The company starts with an MVP (minimum viable product) to obtain a 

first insight into each technology's capabilities and understand how they 

interrelate. This phase can be followed by one or several pilots. When the 

pilots have been executed successfully, and the company has learnt from 

their findings, a regional roll-out can be arranged. If this regional roll-out 

has been achieved successfully, a global roll-out is the next and final step. 

The DCAI concept requires the survey and the PCA analysis that has been 

conducted for the case study. The survey has to have depth and requires 

adaptation to the company that shall be investigated but without leaving out 

core digitalization technologies. An example of one technology is 

illustrated in Figure 33. 

 

 
Figure 33: Excerpt from the questionnaire that had been sent out to the participants of the survey 

(self-edited). 

 

7.1.2 Dynamic capabilities within the DCAI concept 

Furthermore, the company is asked to prepare a comprehensive set of 

dynamic capabilities, and the participants of a than to be conducted survey 
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Figure 34: Definition of preconditions and subitems that are necessary to build a Dynamic 

Capability and to exploit the DCAI approach (self-edited). 

 

In the example of Figure 34, the firm has defined eight tasks/assignments 

that are necessary to close the gap for the dynamic capability integration of 

external competencies. Six of those eight tasks are fulfilled or overfulfilled 

by the firm. Two of the assignments require actions and can be addressed 

within the company with the competent departments' actions. The human 

resource department could take the task to find a capable mentor for a new 

employee, the department where the new employee is going to be deployed 

could be accountable to work out an initial training plan that consists of the 

daily routines and instructions on how to work on certain tasks. 
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concept at Google in 1999. The OKR methodology became very successful 

there and is still prevalent today (Doerr, 2015). Table 4.0, which rests on a 

comparison of MbO and OKR by John Doerr, illustrates the differences 

and the advancement of the methodology. 
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8 CONCLUSIONS AND RECOMMENDATIONS 
The thesis statements combine the two suppositions that a firm that is 

bound for digitalization often oversees a) the mutual reinforcement 

between the digital technologies and b) the need for people-know-how to 

implement and to run those new technologies. By overseeing the two 

effects, the firm cannot achieve the best outcome possible. It will lack the 

right architectural set-up for its technologies and will not be able to build 

the necessary dynamic capabilities to exploit the new technologies to their 

full potential. Both the architecture and the dynamic capabilities need to be 

firm-specific from the authors' point of view and cannot be generalized. 

Therefore, the research question was to investigate how the two theories 

can be brought into one edifice of ideas, how a firm specific analysis can 

look, and how the findings can be brought to life through the employment 

of a real-life application. 

An advantage of the concept of Architectural Innovation is that digital 

technologies have a mutual interdependence and interact with one another. 

Ultimately, this results in synergy effects, especially within the economies 

of scope and the chaining effect. The reasons for this are multifaceted; 

examples include the complementarity of digital technologies, boosting 

effects for one technology if another is implemented, and features of digital 

technology (the technology was intentionally bought for a different reason, 

but it turns out to be useful in other areas, too). 

Dynamic Capabilities become important when it comes to integrating, 

building, and reconfiguring the capabilities needed to exploit the digital 

technologies to their maximum. The Dynamic Capabilities are also 

necessary to recognize the digital technologies' additional capabilities, to 
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make the interaction between them work, to recognize further fields of 

application, and to apply them within the complete firm. 

The strategic architecture is basically a high-level blueprint for the 

deployment of new functionalities, and the Dynamic Capabilities are the 

vital spark to create a competitive advantage that cannot be duplicated from 

competitors. 

8.1 General Conclusion and recommendation 
The firm that was investigated in this survey is a company within the 

automotive supplier industry facing the challenges of digitalization. The 

course of actions has to be based on two directions, both integrating the 

selected technologies and building dynamic capabilities. The frameworks 

systematic is to integrate available technologies into a company that is not 

producing digitalization technologies on its own. 

Planning assumes a degree of exactitude, but strategic planning must be 

more generalistic and must allow a certain degree of freedom and room to 

maneuver. Nevertheless, planning the digitalization from a strategic 

perspective requires determination regarding digital technologies. The 

digital strategy must fit seamlessly into the firms' competitive strategies, 

and it is not detached from it. The corporate firms' strategies can be more 

general, but it must be specified that choosing technologies that fit the 

overall strategy is possible and reasonable.  

Therefore, the presented framework's contribution here is to work out the 

top 3 to 7 technologies that are of the utmost value for a firm and then focus 

the spare capacities (time to implement and capital expenditures) on those. 

Alongside, the actions to build and strengthen the necessary dynamic 

capabilities and ensure that a real competitive advantage can be worked 
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out, based on the outcome of the analysis, must be undertaken. The 

company must be aware of the need for training and education, and the 

willingness to invest in this area must be given and must be scrutinized by 

management. Figure 37 displays the mesh of the buildup of dynamic 

capabilities and the concurrent integration of digital technologies. 

 

 
Figure 37: Synchronization between dynamic capabilities and the development of a digital 

architecture requires a constant and active intervention to assure that the buildup of DC is 

consistent with the development of the architecture (self-edited). 

 

A firm would have to set up and adapt an implementation plan according 

to the individual survey findings, their prioritization of the single measures, 

and the number of optimization loops that the integration will require. With 

transparency over the dedicated technologies, the firm can set up focused 

purchasing- and integration plans for each individual technology, appoint 

implementation teams, organize the necessary implementation support 

from the individual supplier, and ensure that the equipment is available at 
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the right time. Creating an innovative architectural structure that can make 

a difference to its competitors, the firm now has the chance to map out in 

detail the full range of each technology, to establish the optimal 

interconnection between the different technologies, and fully scale each 

individual technology. This is only possible with the right dynamic 

capabilities; these need to be built up in good time to ensure that the use of 

the digital technologies and their integrational architecture has a higher 

impact on the firm, rather than just buying the same equipment without 

utilizing it fully within a unique architecture. 

8.2 Firm specific conclusion and recommendation 
Due to the research, the examined firm now has a better understanding of 

where to invest (the five top technologies out of the survey, see Figure 14). 

It can focus on developing each technology to its full potential. Each 

technology can have various fields of application and therefore has 

different impacts on the company. The technology big data & analytics was 

chosen to explain this statement, and in Figure 38, its (incomplete) field of 

application is displayed. 
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Figure 38: Incomplete graphical presentation of the fields of application of big data & analytics, 

outline of the possible fields of application and the need to determine a field of the digitalization 

application (self-edited). 

 

Big data & analytics can be applied within maintenance, logistics, quality 

management, and other areas. The firm has to decide on where to apply big 

data & analytics, but the logic of how this technology is applied is very 

similar in each field of application and therefore must not be detailed for 

the firm-specific framework. The examined firm's dynamic capabilities 

need to be established within the handling and employment of the 

technologies. The awareness of the need for education is there, but the 

willingness to execute this part of the framework is backwardly developed. 

Hence, the digitalization strategy is firm-specific. Making general 

statements that the firm is committed to digitizing, releasing budgets 

without knowing what technologies shall be enhanced, or not being aware 

of their own expectations regarding technology's deliverables is a senseless 

endeavor. A digitalization strategy must be a high-level blueprint for the 
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deployment of new technologies i.e. it must be clear about the technologies 

that shall be used to digitize the firm. 

The data analyzed within this survey demonstrates that a single person 

cannot assume the necessary direction of the firm specific digitalization 

strategy and its impact on the firm. Misconceptions are likely to happen 

when such decisions are made by one person who might be unaware of the 

latest developments in this fast-changing environment, unaware of local 

requirements and conditions, or being biased due to their professional 

career and work history. It appears that giving the data structure and 

deriving recommendations from its analysis creates a valuable counselor 

when deciding to invest in a certain field of digitalization. The approach 

helps avoid certain types of biases i.e. the Dunning-Kruger effect 

(Dunning, 2011), the mere exposure effect, or the system justification bias, 

and to draw fact-based decisions (see also Chapter 3.2.4). 

A large number of survey participants helps to prevent (or at least 

minimizes) such effects. The data gathered enables the analyst to disclose 

hidden patterns within the firm that can be considered part of its collective 

intelligence. The mass data analysis revealed a pattern of hidden 

knowledge that would have remained unnoticed. 

8.3 Critical review 
Alongside many other tasks, the author's field of work includes the 

preparation of investment-decisions into machines and equipment that can 

be considered as belonging to the 3rd industrial revolution. Another area of 

his responsibility is to drive the selection and implementation of 

technologies that can be considered revolutionary for the area of operations 

and manufacturing. The author has been looking for a systematic and well-
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established approach to set up a procedure which selects, integrates, and 

rolls out I4.0 technologies within the firm he is working for. This company 

is not producing I4.0 applications; it considers itself a user of such 

technologies. The models available almost always require data and 

empirical knowledge from past experiences. A further area he studied to 

find support for his question involved talking to start-ups and recently 

founded small companies that provide new solutions in the area of 

digitalization. These companies often come with a single solution, and the 

integration is left to the firm. The author was not able to find a 

comprehensive way of working for the selection of digitalization 

technologies. In short, the problem is persistent, but he was determined to 

find a solution. Following the lectures and readings at the Hungarian 

University of Agriculture and Life Science and intense discussions and 

consultation with the professorate, the idea was established to investigate 

models and theories which confront such problems differently and combine 

these models into a new one. The author decided to focus his research this 

area, and the present paper is the outcome. The procedure to investigate the 

subject of the matter is presented in Figure 1. This figure can also be used 

as an overview of the evaluation of the improvement areas for this research 

project. The author recognized several of those areas of improvement 

himself; unfortunately, this recap is inchoate. 

The first area for improvement would be the choice and extension of 

literature. The range of literature for Dynamic Capabilities and also for 

Innovation is a large one. Finding the right literature, analyzing it, and 

extracting the relevant information from the complete research field turned 

out impossible. Even at this point in time, there are new contributions being 
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9 NEW SCIENTIFIC RESULTS 
A new way of strategizing to gain an edge in the industry took off when 

Teece, Pisano, and Shuen published their research in 1990, which led to 

employing Dynamic Capability in various fields of the business economy. 

Henderson and Clarks' work, released in the same year, gave new insights 

that enriched the process of innovation by another degree. Joining the 

Dynamic Capability approach with the Architectural Innovation's concept 

into a mutual framework, a methodology that can be pivotal for the 

economic superiority of one firm over another becomes conceivable. The 

research produced the following new scientific results. 

 

1. Unification of the strengths of Dynamic Capability and 

Architectural Innovation  

The combination of the Dynamic Capability approach, together 

with the systematic of Architectural Innovation, enhances a firm's 

opportunities to compete successfully. Combining both concepts 

creates a robust approach to respond to the fast-changing field of 

digitalization. 

2. Pointlessness of general digitalization strategies 

The digital strategy must be customized to fulfill the expectations 

of the overarching firms' competitive strategy. It must support the 

other policies, processes, and methods of a firm or replace them 

with superior ones. It has to support the decision process of not 

digitizing instead of applying more than the firm needs and 

applying in practice. 
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3. Synergies between Architectural Innovation and Dynamic 

Capabilities 

The concepts of Architectural Innovation and Dynamic Capabilities 

can interact and create synergy effects, especially within the 

economies of scope and the chaining effect. The reasons for this are 

broad, such as the complementarity of digital technologies, 

boosting effects of one technology when implementing another, and 

features of digital technology that are useful but were not 

incorporated so far. 

4. Factual basis for a digitalization strategy 

The core findings of the dissertation are the companies' main 

directions in digitalization. Hidden in the data-set, this information 

was disclosed with the principal component analysis (PCA). The 

company is now making decisions based upon facts and 

independent of individuals. Unarticulated and concealed 

knowledge about the context in which digitalization is connected 

with the firms' products, production processes and logistics is 

recognized and considered in the digitalization strategy. 

5. Averting cognitive biases 

A large number of survey participants helps to prevent (or at least 

minimize) effects such as the Dunning-Kruger effect (Dunning, 

2011), the mere exposure effect, or the system justification bias. 

The data discloses hidden patterns within the firm that can be 

considered part of its collective intelligence and would have 

remained undetected. 
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6. A concept to structure the digitalization process  

The hallmark of digitalization is that nearly everyone believes in its 

capability to create a competitive advantage, but a) the risk to invest 

into a pointless technology or b) not to gain the full capabilities of 

a digitalization technology and c) to discount on the advantages of 

the interaction of the digitalization technologies is preventing firms 

from investing sufficiently. The proposed DCAI concept is a 

guideline for a firm to invest in its digitalization. The concept 

assures that a) the right technologies that are of utmost need for the 

firm will be chosen and b) that those technologies are applied to 

their total capacity and become effective to their full potential. 

7. Risk-free knowledge transfer between competitors 

Another research finding came up late when the firm decided to 

become involved in the subsidy program Long-term future 

investments vehicle manufacturer and supply industry as well as 

research and development (clause 35c). This program was 

launched by the Federal Ministry of economics and energy (for 

further details, please read Chapter 11 Outlook and further 

exploitation of the research). A non-transferable, firm-specific 

framework for digitalization was already recognized at the 

beginning of the research and formulated as hypothesis number 3. 

Evidence of this hypothesis was shown in the research process; but 

the effect became even more evident when the firm started to think 

about working in the subsidy program. The decision process was 

simplified, and the anxiety to share information and new findings 

with other program participants was sharply reduced. 
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10 SUMMARY 
The traditional factors of production are overturned by today's knowledge 

economy, and a need for formulating new individual approaches that 

enable firms to withstand today's fierce competition are heavily sought 

after. This applies to the globalized industry as a whole, but it is particularly 

true for digitalization. Advantages that multi-national firms could rely on 

for decades, such as economies of scale and scope, are changing into 

economies of knowledge. The rapid change of technologies (often referred 

to as the 4th industrial revolution), cut-throat competition, and market 

changes create an environment for even fiercer competition. When 

digitizing a firm, it is often overseen that a) the mutual reinforcement 

between the digital technologies and b) the need for people-know-how to 

implement and to run those new technologies is decisive for their success. 

A wide range of different digital technologies could create an advantage 

for a firm, but it is potentially a random product. Recognizing the need for 

certain, firm-specific digital technologies, and the architecture that can be 

built from them, is the more appropriate goal. The same is true for the 

necessary capabilities to integrate the technologies and to exploit those to 

their maximum. Digital technologies often come with a wide range of 

features and functions that initially were not envisaged. David Autor 

(Autor, 2014) underlined that computer science is trying to overcome 

Polanyi's paradox. Still, that tacit know-how such as flexibility, judgment, 

and common sense cannot be easily computerized because we often do not 

know "the rules." The fact that a task cannot be computerized does not 

imply that computerization has no effect on that task. 
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On the contrary: tasks that cannot be substituted by computerization are 

generally complemented by it. This point is as fundamental as it is 

overlooked. Most work processes draw upon a multifaceted set of inputs: 

labor and capital; brains and brawn; creativity and rote repetition; technical 

mastery and intuitive judgment; perspiration and inspiration. This is also 

true for Dynamic Capabilities as there is no set of "rules" and no tutorial on 

the best set of capabilities; they are firm-specific. 

The present paper attempts to investigate the two factors, based on the 

groundwork in the fields of Dynamic Capabilities (mainly Teece, Pisano & 

Shuen) and Architectural Innovation (mainly Henderson & Clark). The 

proposed view integrates the views of an ingenious, firm-specific 

architecture of digital technologies and the capability to gain more out of 

that architecture than competitors can, due to the capability to learn faster 

about the possibilities of digital technologies and, more importantly, their 

mutual reinforcement. 

A clear and concise research question was formulated, and three 

hypotheses were outlined. The research question was to characterize how 

the two theories can be brought into one group of ideas, how a firm-specific 

analysis can look like, and how the findings can be carried over into a 

course of action. The first hypothesis was that there is no investment model 

into digitalization based on the concepts of dynamic capabilities and 

architectural innovation. This is true from a restricted perspective; there is 

no such model, but others that combine Dynamic Capabilities with other 

models [i.e. knowledge base as a competitive advantage (Kaur, 2019)] do 

exist. The data is not sufficient to accept or reject the second hypothesis 

which indicates that today's firms do not connect digitalization 

technologies with the concepts of dynamic capabilities and architectural 
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innovation and do not take advantage of this framework. Although 

extensive literature research, internet research and academic exchange at 

different conferences regarding this hypothesis was conducted, no evidence 

could be found that the hypothesis is wrong and must be rejected. The third 

hypothesis, which states that the methodical support to decide on 

investments into digitalization is little and that this methodology requires 

an expansion by an explicit framework, was accepted. No framework 

combines the two theories explicitly, but initial approaches can be found. 

Those do not have a clear-cut framework, a course of action, or a scientific 

study that utilizes the two concepts in a mutual framework. Still, the idea 

of a combination of both theories existed before and is not entirely new. 

The chosen process to test the hypotheses and to accept or reject them was 

to investigate a multi-national firm and to apply the scientific process with 

the help of an extensive questionnaire. The survey was addressed to the 

international management team of that firm; the return rate of the 

questionnaire was as high as 65.5%. The dataset was investigated with the 

principal-component analyses (PCA). PCA is a popular multivariate 

statistic technique and is used to structure, simplify and exemplify 

extensive datasets. A large number of variables is approximated by a 

smaller number of ideally descriptive and meaningful linear combinations, 

the so-called principal components. The analysis revealed the direction of 

the most urgent need for the firm to move in. The second part of the analysis 

consists of Dynamic Capabilities that the company requires to focus on. 

The research project also involves developing a concept for a framework 

that is built upon the findings of the preceding analysis. The two theories 

were combined into one framework (DCAI concept), the course of action 

outlined, and the methodology described. The DCAI concept is picking up 
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the strengths of both theories and unifies their advantages. In Figure 32, the 

operation and interaction of both theories are outlined. The complete course 

of action of how to implement and execute the DCAI concept is 

circumscribed in the presented paper. The paper is comprised of an 

operational sequence description that supports firms to develop and 

implement a firm-specific DCAI concept. 

The firm analyzed and presented in this work could not be investigated 

completely according to the DCAI concept because the concept developed 

within the work on the present paper. Nevertheless, the concept was 

transferred as much as possible. Its positive effect on the firm was 

witnessed, but the implementation of the digital technologies chosen and 

the building of necessary dynamic capabilities that were previously missing 

was hampered by the COVID-19 crisis as well as a subsequent crisis in the 

particular industry which led to fewer working hours for most areas of this 

firm. For example, the firm could not send its experts back and forth 

between different locations and solve technical issues that have been solved 

in this way hitherto. Flights were canceled, and most airlines grounded their 

fleet. Therefore, the firm decided to invest in a digital technology that 

allows a near-on-site experience for the technical experts and to make their 

know-how available wherever needed worldwide - smart glasses. The 

decision for a certain type of smart glasses was made based on the 

following consultation a) which smart glass would suit the digital 

architecture of the company best and b) how this new technology could 

interact with other (already available and also future investments into 

digitalization) and c) where the firm would be able to integrate fastest and 

reconfigure the internal competencies for this device (i.e., considering 

Dynamic Capabilities and/or building them). 
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All things considered, the DCAI concept is an effective one, and the 

findings of the research were verified at the firm investigated. 
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11 OUTLOOK AND FURTHER EXPLOITATION 

OF THE RESEARCH 
Today, the world is facing a pandemic situation, with more than 100 million 

COVID-19 cases to the present day. The second wave of the pandemic is 

in full swing, leading to significant lockdowns worldwide. Thirty-five 

countries in the European Region begun vaccinations, administering 25 

million doses (World Health Organization, 2021). One should not forget 

that more than 2m people worldwide did not survive the infection so far, 

with numbers rising. 

No branch of industry has remained untouched from the crisis that COVID-

19 triggered. Almost all suffer massive negative impacts, with only a tiny 

number of branches experiencing positive effects (such as media-

streaming-providers, the logistics industry, or online-retailers). 

The automobile industry is suffering from the crisis, too. With entire 

workforces in quarantine, closed borders causing long waiting times for 

deliveries & supply, machine stoppages due to service engineers not 

allowed to travel and material shortages, resulting in a dysfunctional supply 

chain, making the negative aspects of JIT/JIS blatant. 

Another main driver for change in the automobile industry is the 

conversion of drive-technology, especially electromobility and alternatives 

fuels. These drivers are leading to the omission of main parts of the 

powertrain, such as injection technology, (manual) gearbox, or the need for 

a tank. 

In this critical situation, many measures got off the ground to support and 

stabilize the industry. The main measure in Germany that has proven its 

effectiveness already in the past (i.e. in the financial crisis of 2008/09) was 
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b. Automized and connected driving, development of AI-

applications 

c. New car-architectures for CPU vs. many decentralized 

control units 

d. Connections to GAIA-X 

e. Innovations in ecology and new materials 

f. Novel drive-technologies for commercial vehicles and 

train-applications 

 

3. Module C: 

a. Innovation-cluster as a nucleus as well as a framework for 

collaborative research and development 

b. Accompanying measures like training, public relations 

work, research infrastructures, planning for the 

implementation of new technologies 

c. Tracking of regional approaches with a strong reference to 

value-added-chain 

 

The subsidy program is structured in a way to ensure that the measures 

intertwine. The aspect of transferring and exchanging experience is of 

central interest, and particular clusters are planned to be formed to ensure 

the transfer between the three modules. 

The investigated firm recognizes the subsidy program as a chance to re-

start its digitalization activities that have been stopped or delayed due to 

the crisis. Furthermore, to speed up the process of digitalization for the 

firm. 
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To prepare for the program, the firm has assigned a project manager to 

gather the information and promote the activities related to the subsidy 

program. Several meetings to coordinate the tasks took place, both with 

universities, potential partners from the industry, and members of the IIC. 

To the point in time when this dissertation was written, it was not finally 

decided if the firm is going to participate in a consortium or, if even 

possible, lead one.  

It has been said that the science of one age is the common sense of the next. 

However, having access to a concept like DCAI and knowing its potential 

impact can be crucial for the success or failure of a firm's digitalization 

strategy. The results of this research have become part of the investigated 

firm and will have a long-term impact on the firm and its effectiveness. 
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Figure 40: The background information that was sent via email to the participants of the survey, 

page 1 of 4 (self-edited). 
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Figure 41: The background information that was sent to the participants of the survey, page 2 of 4 

(self-edited). 
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Figure 42: The background information that was sent to the participants of the survey, page 3 of 4 

(self-edited). 
























