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ABSTRACT 

Fueled by platform technologies like mobile, social business, cloud computing, and big data 

analytics (BDA), as well as smart connected products and advanced robotics as part of cyber-

physical systems, a new era is rising where technologies and business processes are so tightly 

linked to their customers and markets that the boundary between the internal operations of 

the enterprise and its external ecosystem is rapidly disappearing. Companies’ digital strategy 

practically drives the roadmap and goals of many departments, from manufacturing, to sales, 

to HR and marketing.  Business leaders are challenged to move their companies to the next 

level, that of digital business transformation, rapidly employing disruptive digital technologies 

such as IoT, robotics, and artificial intelligence to create new ways of operating and growing 

businesses (Puthiyamadam, 2017). The phenomenon of the Digital Transformation of the 

manufacturing sector (also known as “Industry 4.0” or “Smart Manufacturing”) is finding a 

growing interest at both practitioner and academic levels, but it is still in its infancy and needs 

deeper investigation.  

Indeed, even though actual and potential advantages of digital manufacturing are 

remarkable, only few companies have already made rapid advances by developing 

higher dynamic and digital capabilities necessary to achieve a superior performance in these 

settings. 

The existing literature focused on the digital transformation of manufacturing is, on the one 

hand, dominated by consultancy reports and reviews of practitioners, which often lack the 

methodological depth and the predictive power of academic studies. Such publications 

contribute to the hype without offering adequate analytical substance. On the other hand, the 

majority of academic literature is characterized by technical publications, which, although 

highly valuable, focus on the engineering aspects of the technologies involved in this process 

and much less on the specific ways they are expected to disrupt the existing manufacturing and 

innovation practices, in terms of managerial strategies and process management. In order to 

address this gap, the present research aims to deeply understand the dynamic capabilities that 

companies need to develop in order to successfully implement the digital transformation and 

obtain a competitive advantage, in such a dynamic and fast-changing business environment 

characterized by digital disruption. 
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Therefore, the present study empirically investigates the factors that drive the development 

of digital manufacturing capabilities and the extent to which it affects organizational 

performance. A systematic analysis and review of the relevant literature in resource-based 

view, dynamic capability view and disruptive innovation theory (in the research domains of 

Innovation and Strategic Management and Information Systems) provided the basis for the 

development of the conceptual model that guided this research.  

To achieve this ambitious goal, the research instrument was developed, construct domains 

were specified and an initial set of items was generated. This was followed by an extensive 

purification process which consisted of several expert review rounds, survey pre-tests and 

measurements refinement.  

The study is based on an online survey, involving 110 manufacturing firms’ executives 

operating in a wide range of industries. Using a Partial-Least-Squares (PLS) approach the data 

collected was used to test the model. The latter was successfully validated and statistically 

significant evidence was provided, revealing that high-order dynamic capabilities are directly 

and strongly associated with firm superior performance, and their effect is partially mediated 

by digital manufacturing capabilities developed by firms in fast changing and dynamic 

environments. Final results supported the conceptual research model and hypotheses of this 

research. These results are presented and discussed in detail in the following chapters of this 

thesis. 
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1. Chapter I: Introduction

The purpose of this chapter is to introduce the research topic and delineate the organization 

of this thesis. The first section outlines the factors that motivated this research by describing 

the phenomenon of interest. Main themes and research gaps in the relevant literature domains 

(i.e. Management and Information Systems) are then identified. Next, the goal of the research, 

the research question and the research objectives are described. The thesis outline is then 

presented before the chapter is concluded.  

1.1 Digital Manufacturing Ecosystem 

The rapid development and adoption of Internet and digital technologies dramatically 

changed business processes, leading to a disruptive digital transformation of the global 

industrial value chain (Li et al., 2009). In today’s highly competitive environment, digital 

innovation is critical for addressing manufacturers’ key business drivers and creating value. 

Advanced digital tools allow manufacturing companies to reduce costs, increase productivity, 

improve product development, achieve faster time-to-market, add value to products through 

dedicated services and enhance customer focus across various elements of the value chain 

(Brennan et al., 2015; Capgemini Consulting, 2012). Technological innovations have the 

potential, and some have already started, to change the traditional production methods for 

many products, with profound implications for how and where in the world they are 

manufactured.   

The concept of Industry 4.0 refers to a complex evolution of the entire industrial sector that 

includes technological advances in production equipment (i.e. Additive Manufacturing, new 

generation of robotics capable of sensing their environment), smart connected products and 

use of “internet of things” (IoT) in factories, cloud and mobile computing, artificial intelligence 

(AI), data tools and analytics, involving activities and stakeholders at all levels. These advances 

are changing how things are designed, produced and serviced around the globe, but also the 

strategic view involved in the management of businesses (Bogers, Hadar, & Bilberg, 2016; 

Magnani, 2017). In combination, they can create value by connecting different players and 

machines in a new “digital thread” across the value chain, relying on the availability of an 
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unprecedented amount of data in order to address manufacturer’s key business drivers (Lasi et 

al., 2014; Nanry et al., 2015). Companies and executives have, to some extent, improved at 

embracing digital transformation. CEOs recognize how much their digital strategy influences 

business goals, and CIOs (Chief Information Officers) are now completely involved in the 

strategic planning as well as regarded as some of the most integral members of the 

corporations’ senior executives group (Puthiyamadam, 2017). Porter and Heppelmann (2015) 

described this overall trend as “the most substantial change in the manufacturing firm since the 

Second Industrial Revolution” (Porter & Heppelmann, 2015). With such a variety of 

developments influencing global manufacturing, a discussion of the likely future trajectories – 

including spatial, technological and operational – is both timely and necessary and involves 

both the innovation of production and management models (Brennan et al., 2015).  

The “Digital Transformation” of manufacturing refers to a segment characterized by a 

remarkable market value, at least according to recent published reports. A research by Markets 

& Markets, an American B2B research firm, estimated a total value of $ 152.31 billion by 2022, 

with a compound annual growth rate (year-on-year percentage growth) of 14.72%. In Italy, 

according to data from a research by The European House Ambrosetti, this market accounted 

for 1.8 billion Euros in 2016 (Magnani, 2017). 

As mass production has largely migrated to developing countries, European and US 

companies are forced to rapidly switch towards low volume production of more innovative, 

customised and sustainable products with high added value. To compete in this highly dynamic 

environment, manufacturers have sought new fabrication techniques to provide the necessary 

tools to support the need for increased flexibility and enable economic low volume production, 

along with the capabilities needed to exploit them in the most effective and efficient way 

(Mellor et al., 2014). Among them, for instance, Digital Manufacturing (DM) – sometimes 

referred to as Additive Manufacturing (AM) or 3-D printing - has been compared to such 

disruptive innovations as digital books, newspapers and music (MP3s) which enabled 

consumers to order their selections online as well as firms to profitably serve small market 

segments, configuring supply chains with no physical stores (i.e. e-business) and little or no 

unsold finished goods inventories. In this regard, some authors stated that digital 

manufacturing is beginning to do to manufacturing what the Internet has done to information-

based goods and services (Denning, 2012). Indeed, it has long been hypothesized that 
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implementing digital manufacturing in supply chains would lead to significant advantages, 

comparing DM to the Internet in its ability to cause a paradigm shift (Holmström & Partanen, 

2014). 

More in detail, Rayna & Striukova (2016) recently maintained that disruptive technologies 

are “bearer of radical changes in business models and ecosystems”. Digital technologies, in 

particular, have led to major shifts in the industries that have adopted them. One of the key 

consequences of digitization has been to turn tangible objects into intangible ones. For this 

reason, digitization of products is also often referred to as a dematerialization (Rayna & 

Striukova, 2016). The dematerialization process - through which many products and services 

are entirely converted into bits in order to be transmitted over the Internet from the producer 

to the consumer - is followed by the re-materialization process of "real" digital products into 

physical goods (Berman, 2012). Moreover, Christensen (1997) in his work argued that 

disruptive technologies bring a very different value proposition than had been available 

previously in a certain market. These technologies initially might underperform established 

products in mainstream markets, but they have other features that a few fringe and new 

customers value, creating new markets. Products based on disruptive technologies are typically 

simpler, smarter, smaller, and frequently more convenient to use (Christensen, 1997). For 

instance, 3D printed products are representative of this  category. 

This fourth wave of technological advancement is supposed to realize the manufacturing of 

individual products in a batch size of one, while maintaining the economic conditions of mass 

production. Indeed, the core of the so-called “factory of the future” or “smart factory” is to 

combine the strengths of optimized industrial manufacturing processes with cutting-edge 

internet technologies (Blanchet et al., 2014; IEC, 2015). Hence it does not surprise that Industry 

4.0 is currently experiencing an increasingly growing attention, especially in Europe. 

Alongside to technological innovation, the organization structure together with required 

labor skills have undergone several major shifts and upgrades allowing factories to become 

more flexible and dynamic to face fast changing markets. It is not only a wave of disruptive 

technological innovation, but also a fundamental cultural change (Brettel et al., 2014; Lasi et 

al., 2014). Therefore, companies need to dynamically redesign their business models together 

with resources, processes and values, in order to achieve the important advantages disclosed 

by these new settings. It was argued that this process increasingly happen in the form of inter-
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firm manufacturing networks ,enabled by integration across value chain activities (Brennan et 

al., 2015). Considering so, many fast-changing factors impacting the global manufacturing 

sector and its supply chains, many authors have emphasized the need for implementing high 

levels of flexibility, differentiating between “dynamic flexibility” and “structural flexibility” of 

supply networks. Dynamic flexibility is commonly achieved by continuously increasing the 

agility of the company’s factories, suppliers and its extended supply chains (Naylor et al., 1999; 

Goldman et al., 1995; van Hoek et al., 2001; Martin & Towill, 2000; Mason-Jones et al., 2000). 

Structural flexibility refers to the ease of re-configuring the company’s supply network in 

response to changes in demand, technology, local conditions, disruptions, and other factors in 

its operating environment (Christopher & Holweg, 2011). It also challenges the current norms 

regarding the way supply chains are configured and managed (Brennan et al., 2015).  

When the effects of the environmental dynamism create a critical need to change in order to 

gain a competitive advantage – that is, enjoying greater success than current or potential 

competitors in its industry (M. A. Peteraf & Barney, 2003) - influential literature posits that 

firms need to build dynamic capabilities by developing new resources, reconfiguring existing 

ones, and combining them in order to obtain significant value by the contextual change 

(Drnevich & Kriauciunas, 2011; Helfat et al., 2007; Schilke, 2014; Winter, 2003; Zahra et al., 

2006; Zollo & Winter, 2002). 

The reminder of this research will deeply explore firms’ capacity of dynamically change their 

resource-base and capabilities in order to successfully respond to the disruptive change 

brought by the digital transformation of the fast-changing environment they operate in. The 

link between dynamic capabilities and firm performance will be empirically investigated, and 

the effect of the development of specific digital manufacturing capabilities evaluated. 

1.2 Research Gap 

Even though actual and potential advantages of digital manufacturing are remarkable, only a 

limited number of companies has already made rapid advances by developing higher dynamic 

and digital capabilities necessary to achieve a superior performance in these settings. 

According to Kiron et al. (2016) nearly 90% of digitally maturing organizations - companies in 

which digital technology has transformed processes, talent engagement, and business models - 
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are integrating their digital strategy with the company’s overall strategy. Managers in these 

companies are much more likely to believe that they are adequately preparing for the industry 

disruptions they anticipate arising from digital trends. On the contrary, although almost all the 

respondents to a 2015 global survey of managers and executives conducted by MIT Sloan 

Management Review and Deloitte stated that their industries will be disrupted by digital trends 

to a great or moderate extent, only 44% evaluated their organizations as adequately prepared 

for the disruptions to come (Kiron et al., 2016). Moreover, PwC in their latest survey which 

polled 2,216 executives at companies with annual revenue of more than $500 million found 

that executives’ confidence in their organization’s digital abilities is actually at the lowest it has 

been since they started tracking it, a decade ago. Indeed, only 52 percent of these executives 

rated their Digital IQ, a scale of digital-driven change, as strong. This result is 15 percent lower 

than the year before. The investment in emerging technologies (as a percentage of total 

technology spending) grew just 1 percent over the 10-year period, with executives looking to 

digital initiatives primarily to increase revenue and reduce costs, showing that less priority is 

being placed on innovating and implementing the latest technologies into their products 

(Puthiyamadam, 2017).    

At the same time, despite the increasing interest in this topic, scholarly inquiry on the 

economic and managerial effects of the digital transformation of manufacturing - in terms of 

firm’s dynamic capabilities needed to take advantage of the fast changing environment, as well 

as its impact on business models and business model innovation - has transpired in the 

literature only recently, resulting in a limited understanding of this phenomenon (Cautela et al., 

2014; Despeisse et al., 2016; Ford et al., 2016; Hahn et al., 2014; Rayna & Striukova, 2016; 

Schniederjans, 2017; Sommer, 2015). The existing literature focusing on digital manufacturing 

settings appears to suffer from a “double disease”. First, it results dominated by consultancy 

reports and reviews of practitioners, which lack the methodological depth and the predictive 

power of serious research studies. Such publications contribute to the hype without offering 

much analytical substance. Second, the majority of academic literature is characterized by 

technical publications, which, although highly valuable, focus on the engineering aspects of the 

technologies involved in this process and much less on the specific ways they are expected to 

disrupt the existing manufacturing and innovation practices, in terms of managerial strategies 

(Hahn et al., 2014). All this suggests the need for more systematic studies focusing on the 
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potential managerial opportunities associated with the emergence of a digital manufacturing 

ecosystem, in order to build up theoretical foundations in this area that results still largely in a 

nascent phase. Indeed, theory building in IS and Management fields is essential to provide 

important and valuable contributions to this research stream (Gregor, 2006). Based on the 

overview of the literature on digital manufacturing, the collective phenomena of disruptive 

innovation process and firm dynamic capabilities necessary to obtain a competitive advantage 

in such a turbulent environment is a research gap worth exploring. 

In order to address this literature gap, the present research seeks to understand and verify 

how this digital manufacturing ecosystem impacts the resources of the businesses operating in 

this sector and what are the specific capabilities that companies need to develop to obtain a 

competitive advantage in such a dynamic environment characterized by disruptive innovation. 

1.3 Research Goal 

Digital manufacturing has been described as a disruptive innovation within a technologically 

dynamic environment (Berman, 2012; Birtchnell et al., 2016; Brennan et al., 2015; Denning, 

2012; Hahn et al., 2014; Holmström et al., 2016; Jia et al., 2016; Kurfess & Cass, 2014; Petrick & 

Simpson, 2013; Rayna & Striukova, 2016; Wagner & Walton, 2016). Due to the resulting lack of 

extant theory in this area, to sustain this research effort this study will seek support in more 

consolidated bodies of knowledge, such as the Dynamic Capabilities View (DCV) and Resource 

Based View (RBV) – developed in strategic management domain and concerning the 

relationship between the concepts of firm capabilities and competitive advantage– as well as 

Disruptive Innovation Theory. It is a tradition of the IS discipline to take advantage of reference 

disciplines when investigating emerging topics (Benbasat & Weber, 1996; Zmud et al., 1989). 

This multidisciplinary approach aims to strengthen the potential contribution of this work to 

the research field. Indeed, by adopting the DCV, it is possible to define digital manufacturing as 

a capability that “may confer a competitive advantage by adding unique value to the firm 

through systematic change, particularly in industries characterized by rapid technological 

change" (Fainshmidt et al., 2016; Peteraf et al., 2013; Teece et al., 1997). Therefore, in order to 

deeply understand and being able to confirm the positive relationship between digital 
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manufacturing and organizational performances, it is necessary to define - prior to testing - the 

relationship between digital manufacturing and firm dynamic capabilities.  

Moreover, technology does not have intrinsic value (Teece, 2010): obtaining competitive 

advantage from it and transforming it into profits requires a business model based on the 

application of competencies and dynamic capabilities, and the ability to select and apply 

appropriate resources. In other words, obtaining a dynamic competitive advantage and turning 

it into a profitable venture requires competence (Prahalad & Hamel, 1990), the mastery of 

dynamic capabilities (Eisenhardt & Martin, 2000; Teece et al., 1997), and the ability to 

transform resources into value for the client (Cautela et al., 2014). Clearly, some antecedents 

exist that lead to the development of this dynamic capabilities and it is crucial to explore and 

analyse them in order to connect the phenomenon of interest to the abovementioned theories. 

Therefore, the main research question of this study emerges as follows: 

RQ: What are the factors that drive the development of digital manufacturing 

capabilities (DMC) and to what extent does it affect organizational performance? 

Based on the abundant evidence from previous research, theory of Dynamic Capabilities 

proved that these capabilities contribute to performance by building new resources (i.e. “firm-

specific assets” difficult or impossible to imitate) or problem-solving capabilities for the future, 

which may confer a sustainable competitive advantage (Sarkar et al., 2001; Teece, 2014). 

In order to answer the main research question, the following research objectives were set: 

 RO1: Develop a clear understanding of the Digital Manufacturing Capabilities (DMC);

 RO2: Explore what are the factors that drive the development of Digital Manufacturing

Capabilities;

 RO3: Understand and assess the extent to which dynamic and digital manufacturing

capabilities affect organizational performance.

To achieve these goals, in the next chapter this work will provide a systematic literature 

analysis to obtain a more clear overview of the existing literature on the phenomenon of 

interest, as well as an extensive literature review guided by the research question and 

objectives presented above, to rely on solid theoretical foundations. 
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The figure below shows a preliminary version of the conceptual model that will represent 

the structure of this research. It will be revised based on the evidences from the literature 

review, together with the development of associated hypotheses. 

Fig. 1.1. Preliminary Conceptual Research Model 

1.4 Research Strategy 

The research strategy was developed aiming to achieve the research objectives and to answer 

the research question. A three-phase approach was developed: 

Based on the results of some qualitative multiple case studies, carried out from the 

researcher as a preliminary exploratory stage, the first phase of the research is focused on the 

conceptualization of the research model. In this phase, the research question presented above 

serves as guidance to develop a detailed literature review, based on the results of a prior 

systematic literature analysis on the phenomenon of digital manufacturing. This phase explores 

the topics related to this study and highlights key concepts and theories emerging from the 

literature. This procedure provides substance for the development and refinement of the 

conceptual research model and associated hypotheses.  

The second phase aims to develop the research instrument. In this stage, construct domains 

are specified and initial items generated. This is followed by an extensive refinement process 

which consists of several expert review rounds and survey pre-tests.  

The third phase aims to test the theoretical model. To this purpose, a web-based survey with 

manufacturing firms’ managers is carried out. This stage is then followed by the evaluation of 
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the measurements and structural models. In the end, discussion, conclusions and insights for 

future research are provided. 

1.5 Contributions 

The key contributions of this research are several, as described in detail in the last chapter. 

First, through an extended systematic literature analysis and review, it shed light on the state 

of the art of the emerging literature concerning the digital transformation of manufacturing, in 

order to have a better understanding of the existing research in this area. This phase allowed 

the identification of fundamental theoretical concepts for the development of the conceptual 

research model. 

Second, based on the Resource-Based View (RBV), Dynamic Capabilities View (DCV) and 

Disruptive Innovation theory, the conceptual model of this research introduces a completely 

new construct in the literature: the digital manufacturing capabilities. The latter was then 

operationalized through the development and validation of the research instrument (i.e. survey 

questionnaire). Thus, data resulting from the online survey based on this questionnaire allowed 

to test the predictive model.  

Third, by testing the research model using a Partial-Least-Squares (PLS) approach, this study 

provided robust empirical evidence that not only digital manufacturing capabilities have a 

positive effect on firm performance, improving its competitive advantage over rivals, but they 

also partially mediate the positive direct effect of high-order dynamic capabilities on 

performance. Furthermore, even when including in the model several control variables 

considered in the literature to influence a firm’s competitive advantage (e.g. market dynamism, 

firm size, firm age, use of technology, expenditure in innovation, etc.), the hypothesized partial 

mediation model resulted robust and was thus further supported.  

These results contribute both to extend the literature in the research field of digital 

transformation and to provide manufacturing firms with important managerial insights. 
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1.6 Organization of the Remaining Chapters 

This thesis consists of seven chapters. The thesis outline is summarised in Table 1.1 

Chapter Key Task(s) Key Outcomes 

1. Introduction Introducing the research 

Research goal, research 

question (RQ), research 

objectives (RO1, RO2, RO3) 

and preliminary conceptual 

research model 

2. Literature Review

Systematic literature analysis 

and review of literature related 

to the research topics 

Definition of reference 

theories and development of 

the conceptual research model 

3. Conceptual Model and

Research Hypotheses 
Research design 

Constructs definitions and 

updated research model 

(including research 

hypotheses: H1, H2, H3, H4) 

4. Research Design and

Methodology 

Definition of Research paradigm 

and protocol  

Updated research design and 

methodology  

5. Research Instrument

Development 

Review of the literature for the 

development of the instrument 

scales and items 

Research Instrument: web-

based questionnaire both in 

English and Italian 

6. Data Collection and

Analysis 

Data collection through the 

online survey and statistical 

analysis of the data gathered 

through statistical software (i.e. 

SPSS and SmartPLS) 

Psychometric properties of the 

scales; Conceptual model 

testing (measurement model 

and structural model); 

presentation of the key results  

7. Discussion and

Conclusions 

Discussion of consolidated 

findings from the previous 

research phases  

Answer to RQ, research 

contributions, limitations and 

conclusions  

Table1.1. Thesis Outline 




